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Abstract 

The project deals with design and conduct the performance analysis of modified 

version of IWM electrification and control. At present there is not any standard in 

Nepal to design IWM components like runner kit, electrical control for better end 

uses. Hence there is a huge require to build up the standard methodology and 

procedure. The study will help to suggest the better design for prospect mass scale 

dissemination as well as to implement the consistency process by authorized body. 

 

Traditional water mills have low anticipated system power output (0.5-1 kW) and low 

estimated efficiency up to 20-25%. Their utility is also limited to grinding only. IWM 

replaced the TWM due to their comparatively enlarged power, marginally better 

efficiency and variable utilities like paddy milling, hauling, oil expelling and 

household electrification but due to the lack of the proper design  and performance 

testing, there is not any standard at the moment in Nepal to ensure the efficiency and 

output of the locally fabricated IWM. 

 

The projects mainly focus on the electrification and electrical control. The induction 

generators are becoming more popular in hydro-electric generation in rural areas of 

Nepal because of the commercially available induction motor can be easily used as 

generator, which make them very cheap in comparison to the synchronous generator.  

They require less maintenance and so they are becoming very popular. But there is 

lack of some control and protection system units like Induction Generator Controller 

(IGC), due to which the villagers are taking huge risks. To reduce this problem, IGC 

module is designed. We also recommend the proper scheme of transmission and 

distribution system. 

 

The knowledge, confidence that we gained from this project is excellent return of our 

whole year dedication. 
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CHAPTER 1: INTRODUCTION 

1.1 Background of the study 

Improved Water Mills (IWM) can curb this development. Based on the existing mill 

and within the traditional management structure this “Intermediate Technology” 

improves performance as well as reliability of the traditional mill. In addition, due to 

the increased performance, the scope of the services of the mill can be widened. The 

technology has been tested extensively over the past 13 year and proves appropriate 

and compatible with the rural environment. The introduction of the IWM induces 

positive changes in the socio-economic condition of the local millers. 

 

For the Ghatta-serviced community, benefits include the reduction of the workload of 

women and through local agro-processing employment generation and market 

development. Improvement of traditional water mills arguably is one of the most 

efficient options for remote Nepal to assist its local communities in improving the 

quality of their livelihood. 

 

To capture the potential of IWM, Centre for Rural Technology/ Nepal (CRT/N) in 

conjunction with Alternative Energy Promotion Centre (AEPC) and SNV/Nepal has 

been implemented the IWM support program as part of SNV/Nepal’s support 

program to Nepal’s Renewable Energy Sector Support (RESS). The program aims to 

improve the living standard of rural household in hills and remote area of Nepal, 

taking advantages of the significant development potential of IWM in Nepal 

regarding the efficient use of locally generated hydropower. 

 

In the past, various attempts were made by interested individuals and institution both 

from within the country and outside the country for the improvement of the 

traditional water mill. Some of them are reviewed: 

 

 Research Centre for Applied Science and Technology (RECAST), a research 

and development wing of Tribhuvan University, Kathmandu, developed a 

prototype of an IWM replacing the wooden paddles by hydraulically more 

efficient wooden blades, and a new bottom bearing. The prototype with closed 
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chute and a covered chamber was tested in a mill in Godavari, Kathmandu. 

However, RECAST efforts were limited to pilot phase only. 

 Mr. Akkal Man Nakarmi of Kathmandu Metal Industry, Kathmandu 

succeeded in designing and producing of low scale Multi-Purpose Power Unit 

(MPPU). It consists of metal runner, a metal axle and bearing which would be 

supplied to the millers to assemble the installed at the site. The power output 

is high. However, as most components including the machineries are of metal 

its installation cost has increased many times which has discouraged the 

potential to install them. 

 

 Major efforts toward the development of IWM were initiated again by Mr. 

Akkal Man Nakarmi in which the traditional water mills are improved by 

using basically local materials and skills of village craftsmen. With the 

exception of metal parts, mainly the kit runner, axle/shaft and belt/pulley, the 

other parts of the water mill such as chute, framework, stone grinder, canal 

and intake are kept intact without any change. It has helped the interested 

entrepreneurs to install Improved Water with low investment. 

 

 Centre for Rural Technology/Nepal and Department of Mechanical 

Engineering; Pulchowk Campus has jointly established the efficiency testing 

rig setup in IOE,TU. The preliminary study and testing of sample of IWM 

runner have shown that the various design of the IWM runner manufacture by 

different manufacture have varied efficiency. This has brought to an urgent 

need for the detail study in design and manufacturing process being followed 

by manufactures in Nepal so as to come up with better design and 

manufacture process that can be recommended for maintaining standard and 

improving performance during mass scale dissemination. 

 

At present there is not any standard in Nepal to design IWM components like runner 

kit, electrical control for better end uses. Hence there is a great need to develop the 

standard methodology and procedure. The study will help to recommend the better 

design for future mass scale dissemination as well as to implement the standardization 

process by authorized body. 
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1.2 Problem Statement 

Traditional water mills have low estimated system power output (0.5-1 kW) and low 

estimated efficiency up to 20-25%. Their utility is also limited to grinding only. IWM 

replaced the TWM due to their comparatively increased power, marginally better 

efficiency and variable utilities like paddy milling, hauling, oil expelling and 

household electrification but due to the lack of the proper design  and performance 

testing, there is not any standard at the moment in Nepal to check the efficiency and 

output of the locally fabricated IWM. 

 

In order to use the huge potential of hydropower based mechanical energy at rural 

parts of Nepal with the use of the appropriate, locally manageable, sustainable 

technology, there is the need of the detail studies in the term of the design and testing 

aspects of the presently used IWM. Though the dissemination of IWM has been  

scaling up due to the financial and technical support from various organizations, there 

has been very little being done in term of studying the performance study of the 

existing IWM being manufactured in Nepal and effort to modify the design to 

enhance the efficiency and capability. Without the study of performance of the 

existing IWM it will be very hard to fulfill the increasing demand of the users in 

terms of efficiency and the end uses. 

 

1.3 Research objectives 

Main objective 

The main objective of this research study is to design, and conduct performance 

analysis of modified version of IWM electrification and control. 

 

Specific objectives 

 To study the existing IWM electrification. 

 To design theoretical based model of IWM electrification control focusing on 

the existing design, fabricate it and test it for performance analysis. 

 To recommend the better design for helping in the enhancement of end use of 

application and mass scale dissemination. 



16 

 

 To help in the standardization process by authorized body for quality service 

delivery to the end users. 

1.4 Limitation of the study 

The study is focused on the electrical generation and distribution control in IWM in 

the laboratory condition. Other aspect of IWM end uses have not been studied here 

due to the constraint of the time, financial resources and laboratory facility available.  

nec electrical lab was included as research setting for this study. 

 

1.5 Overview of Report 

The project deals with the study and analysis of overall performance of the IWM in 

Rural Electrification, up to 6 kW electricity generations, which is considered as Pico 

Hydro range power plant. Most of these plants use Induction Motor as Generator for 

electricity generation in IWM. There are huge needs of control system and excitation 

for these plants. In this project we had studied the case analysis of two different plants 

at Kavrepalanchowk, and analyzed case of the electricity generation, control and 

distribution. During project, we had prepared one small prototype of the Induction 

Motor as Generator, and the control mechanism of Induction Generator Controller, 

which is essential requirement in IWM. The project suggests that, in IWM, the IGC 

module must be sufficient able to control the generation and demand action of plant 

as well as consumer level. The project output suggest that in Rural Electrification, the 

constant voltage generation can be maintained by generated output equal to 

Consumer load and Ballast for the system equilibrium. The systematic output shares 

that the mass scale dissemination of the IMAG, IGC and distribution system can be 

obtained in appropriate level in future. 

 

1.6 Application of the Project 

The project application of Performance of IWM is mostly likely applicable in the 

Rural areas where the medium density of populated house hold are to be electrified. 

The distribution system suggests that power house within mid of household makes 

low voltage drop at its far end, thus it is applicable in rural area with countable 

number of house. The IGC controller can be widely used in IMAG of IWM, 

AFPMA- Axial Flux Permanent Magnet Alternator, Wind Turbine etc. Thus the 

project can be beneficial where the low level power up to 15 kW is need to be 

controlled. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Basic Introduction 

Improve water Mill is an impulse type, vertical shaft, mechanical device used for 

converting hydrological power into the useful mechanical output. 

 

Although traditional water mills have been part of villages for centuries, due to its 

low efficiency (generally producing 0.5 kW) it has not been able to meet the 

increasing processing needs and other energy requirements of the rural communities 

 

An Improved Water Mill (IWM) is an intermediate technology based on the principle 

of existing mills that improves performance (generating up to 3 kW) as well as 

reliability of the mills. The improved service quality is transformed into a higher 

agro-processing capacity (Milling capacity often doubles) and/or diversified range of 

services (hulling, oil expelling, saw milling). In addition, an IWM offers the 

opportunity to generate electricity for local lighting purpose, depending upon the flow 

and head availability.  

 

Major Private Organizations involved for the delivery of various services in the 

Program are as follows: 

 

 

 

 

 

 

 

 

 

 

Fig 2.1: Institutional Linkages of Private-Public Sector Collaborations 
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2.2 Technical Features of IWM 

The improvement of traditional water mill is done by improving various components 

of the traditional mill but the most significant is replacement of traditional wooden 

runner with hydraulically better shaped metallic runner having cup shaped blades. 

This increases its operational efficiency as well as making it more useful with 

additional machines for hulling, electricity generation etc. 

 

The power output ranges from 0.5 kW to 3 kW and the grinding capacity ranges from 

20-50 kg maize per hour. Its repair/maintenance cost is low and life span is around 10 

years. The chute which was mostly wooden has now been replaced by High density 

polyethylene (HDPE) pipes.     

 

The basic Technical Features of Traditional and Improved Water Mill 

 

Table 2.2.1: Technical Features of Traditional and Improved Water Mill 

(Source: www.crtnepal.org) 

Traditional Water mill Improved Water Mill 

Wooden water wheel with flat paddles Metal runners with buckets 

Wooden hub covers metal vertical shaft Metal vertical shaft 

Wooden open chute of uniform cross section HDPE pipes 

 

The Basic Functional Features of Traditional and Improved Water Mills 

Table 2.2.2: Functional Features of Traditional and Improved Water Mills 

Comparison Parameter Traditional Water Mill Improved Water Mill 

Water Discharge, lps 40-100 30-100 

Speed, rpm 120-160 200-250 

Inclination to chute 40
0
-50

0
 40

0
-50

0
 

Grinding stone Local Local 

Operational efficiency, % Below 25 30-50 

Functions and capacity Grinding cereal grains Grinding of cereals(20-25 

http://www.crtnepal.org/
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only (maize, wheat, millet 

rice,etc.) 10-20 kg/hr 

kg/hr) maize: 35, wheat: 

40, millet:70 

2.3 Economical Implication 

Traditional water mills are very slow in operation, hence has less processing capacity. 

It also can’t deliver diversified services for customers. Whereas IWM are of more 

capacity, it can give diversified services ranging from hulling to electricity 

generation. Because of these parameters the net income generated by water mills has 

increased compared to the traditional one. 

 

2.4 Technical Implication 

Technically IWM is better option. It needs less repair and maintenance and can be run 

by less amount of water compared to the traditional one and on other hand it can 

generate more mechanical power of kinetic energy of same available water source. 

Generation of more mechanical power has resulted into possibilities for adding other 

end uses/services such as paddy huller, electrification, etc. 

 

2.5 Efforts for rural electrification till now 

Different stages of efforts have been made till now for technical improvement and 

performance of rural electrification via IWM including some of suggested 

improvement studies. The major efforts are listed as, 

 The first level of rural electrification includes, the electricity generation at low 

level less than 5 kW, in which the principle included for electricity generation 

is IMAG (Induction Motor as Generator) base, even though in this system 

rotational speed has to be increased either by using sophisticated gears or belt 

transmission. 

 

 The second level for the electrification includes the reactive compensation via 

use of Capacitor Banks, and control with Miniature Circuit Breaker (MCB) in 

different sites, where electricity has been developed. 

 

 The third level of electrification includes the new technology AFPMA (Axial 

Flux Permanent Magnet Alternator), based on the Faradays Law of 

Electromagnetism. This technology is useful for generating electricity from 
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low- head hydropower and wind power plants with low speeds (about 150 

rpm). 

 

 Recently the power and load flow control has been under taken by the IGC 

(Induction Generator Controller) for the controlled load distribution in order to 

have fine operation with safe operation strategy. 

 

 The distribution system has been studied and is in proposed state to suggest 

the best technique (Radial, Ring, Network, and Inline) for IWM electrification 

distribution system. 
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CHAPTER 3: SYSTEM DESCRIPTION 

3.1 IGC Design Analysis 

3.1.1 Induction Generator 

An induction generator or asynchronous generator is a type of AC electrical 

generator that uses the principles of induction motors to produce power. Induction 

generators operate by mechanically turning their rotor in generator mode, giving 

negative slip. In most cases, a regular AC asynchronous motor is used as a generator, 

without any internal modifications. 

 

Principle of operation 

Induction generators and motors produce electrical power when their rotor is turned 

faster than the synchronous frequency. For a typical four-pole motor (two pairs of 

poles on stator) operating on a 60 Hz electrical grid, synchronous speed is 1800 

rotations per minute. The same four-pole motor operating on a 50 Hz grid will have a 

synchronous speed of 1500 RPM. 

In normal motor operation, stator flux rotation is faster than the rotor rotation. This 

causes the stator flux to induce rotor currents, which create a rotor flux with magnetic 

polarity opposite to stator. In this way, the rotor is dragged along behind stator flux, at 

a value equal to the slip. 

In generator operation, a prime mover (turbine, engine) drives the rotor above the 

synchronous speed. The stator flux still induces currents in the rotor, but since the 

opposing rotor flux is now cutting the stator coils, an active current is produced in 

stator coils, and the motor now operates as a generator, sending power back to the 

electrical 

http://en.wikipedia.org/wiki/Electrical_generator
http://en.wikipedia.org/wiki/Electrical_generator
http://en.wikipedia.org/wiki/Induction_motor
http://en.wikipedia.org/wiki/Prime_mover
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grid.

 

 Fig:3.1.1 Equivalent Ckt. of Induction Generator 

3.1.2 Excitation to Induction Generator 

It is essential that source of excitation current for magnetizing flux (reactive power) 

for stator is still required, to induce rotor current. 

Induction generators are not, in general, self-exciting, meaning they require an 

electrical supply, at least initially, to produce the rotating magnetic flux (although in 

practice an induction generator will often self start due to residual magnetism.) The 

electrical supply can be supplied from the electrical grid or, once it starts producing 

power, from the generator itself. The rotating magnetic flux from the stator induces 

currents in the rotor, which also produces a magnetic field. If the rotor turns slower 

than the rate of the rotating flux, the machine acts like an induction motor. If the rotor 

is turned faster, it acts like a generator, producing power at the synchronous 

frequency. 

 

3.1.3 Active Power 

Active power delivered to the line is proportional to slip above the synchronous 

speed. Full rated power of the generator is reached at very small slip values (motor 

dependent, typically 3%). At synchronous speed of 1800 rpm, generator will produce 

no power. When the driving speed is increased to 1860 rpm, full output power is 

produced. If the prime mover is unable to produce enough power to fully drive the 

generator, speed will remain somewhere between 1800 and 1860 rpm range. 

 

3.1.4 Capacitance Required 

http://en.wikipedia.org/wiki/Magnetic_flux
http://en.wikipedia.org/wiki/Stator
http://en.wikipedia.org/wiki/Magnetic_field
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A capacitor bank must supply reactive power to the motor when used in stand-alone 

mode. The reactive power supplied should be equal or greater than the reactive power 

that the machine normally draws when operating as a motor. Terminal voltage will 

increase with capacitance, but is limited by iron saturation. 

 

3.1.5 Uses of Induction Generator 

Induction generators are often used in wind turbines and some micro hydro 

installations due to their ability to produce useful power at varying rotor speeds. 

Induction generators are mechanically and electrically simpler than other generator 

types. They are also more rugged, requiring no brushes or commutators. 

Induction generators are particularly suitable and usually used for wind generating 

stations as in this case speed is always a variable factor, and the generator is easy on 

the gearbox. 

 

3.2 Capacitor Selection 

We must use 0.5 hp, 1440 r/min, 220 V, 3 phase induction motor as an asynchronous 

generator. Full-load current of the motor is 4.2 A and full-load power factor is 0.8. 

Required capacitance per phase if capacitors are connected in delta: 

Apparent power S = √3 E I = 1.732 × 220 × 4.2 = 1600.36 VA 

Active power P = S cos θ = 1600.36 × 0.8 = 1280.29 W 

Reactive power Q = = 960.21 VAR 

For machine to run as an asynchronous generator, capacitor bank must supply 

minimum 960.21 / 3 phases = 320.07 VAR per phase. Voltage per capacitor is 220 V 

because capacitors are connected in delta. 

Capacitive current Ic = Q/E = 320.07/220 = 1.45 A 

Capacitive reactance per phase Xc = E/I = 151.21 Ω 

Minimum capacitance per phase: 

C = 1 / (2×π×f×Xc) = 1 / (2 × 3.141 × 60 ×151.21) = 21.04 µF 

If load also absorbs reactive power, capacitor bank must be increased in size to 

compensate. 

Prime mover speed should be used to generate frequency of 50 Hz: 

Typically, slip should be similar to full-load value when machine is running as motor, 

but negative (generator operation): 

http://en.wikipedia.org/wiki/Wind_turbines
http://en.wikipedia.org/wiki/Micro_hydro
http://en.wikipedia.org/wiki/Commutator_%28electric%29
http://en.wikipedia.org/wiki/Apparent_power
http://en.wikipedia.org/wiki/Reactive_power
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Slip = 1500 - 1440 = 60 rpm 

Required prime mover speed N = 1500 + Slip = 1560 rpm. 

 

 

 

 

 

 

 

3.3 Induction motor Operating Modes  

When considering the induction machine torque-speed curve, the three main modes of 

operation are braking, motoring and generating. We have concentrated on analysis of 

a machine being used as a motor, but the analysis is general for other modes of 

operation. 

 

 

 

Fig: 3.3 Torque Speed Curve 

 

3.3.1 Motoring Mode: Small Slips (0 < S ≤ 1) 

Under normal operation, rotor revolves in the direction of rotating field produced by 

the stator currents. As such, the slip varies from 1 at standstill to zero at synchronous 

speed, i.e.1≤ S ≥ 0. The corresponding speed values are zero (S=1) and synchronous 

speed (S=0). 

http://www.ece.ualberta.ca/~knight/ee332/induction/basics/trq_speed.html
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 In usual operation of an induction machine, as a motor attached to a fixed frequency 

supply, there is little control over the operating point: the motor will operate at the 

speed where the load torque is equal and opposite of the motor torque. 

Considering again the torque speed equation: 

 

 

 

 

 

 

If the slip is small then 

 

and the torque equation can be re-written as 

 

It can be seen that at small slips, torque is proportional to slip, doubling the load will 

approximately double the slip. 

It is clear from the above analysis that there is very little speed variation in an 

induction machine if the synchronous speed is constant. The rotor will rotate at a 

small slip, slightly below synchronous speed. If operation at more than one fixed 

speed is required, it is necessary to change the synchronous speed. Considering the 

equation for synchronous speed 

 

The options available are to change the number of poles or change the supply 

frequency 

 

3.3.2 Braking mode: S > 1. 

For this mode, slip is greater than 1. A slip more than one can be obtained by driving 

the rotor, with a prime mover, opposite to the direction of rotating field. But such a 

use in practice is rare. A practical utility of slip >1 is obtained by bringing the rotor to 

http://www.ece.ualberta.ca/~knight/ee332/induction/operation/pole_change.html
http://www.ece.ualberta.ca/~knight/ee332/induction/operation/variable_freq.html
http://www.ece.ualberta.ca/~knight/ee332/induction/operation/variable_freq.html
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a quick stop by braking action, called plugging. For obtaining s>1, or for obtaining 

plugging, any two stator leads are interchanged. With this the phase sequence is 

reversed and, therefore, the direction of rotating magnetic field becomes suddenly 

opposite to that of rotor rotation. The electromagnetic torque, now acting opposite to 

rotor rotation, produces the braking action. Thus motor can be quickly brought to rest 

by plugging, but the stator must be disconnected from supply before the rotor can 

start in the other direction. 

3.3.3 Generating Mode: S < 0 

If the rotor of an induction machine rotates above synchronous speed, slip is negative, 

as are torque, mechanical output power and air gap power. I.e. the machine is 

operating as a generator. When considering synchronous machines it is normal to re-

define the direction of positive current when switching between generators and 

motors (keeping a positive power flow for both cases). With induction machines we 

will not do this. If slip is negative, the "input power" to the electrical terminals will be 

negative, implying that power is flowing out of the electrical terminals. 

It is essential to note that the real part of phase current is negative, indicating that real 

power flows out of the terminals. Also, the imaginary part of the phase current, which 

indicates that reactive power must flow into the terminals. An induction generator 

cannot operate without a reactive power supply, either from a power grid or capacitor 

bank. 

3.4 Conversion of 3 Phase induction Motor to single phase 

3.4.1 Role of Running Capacitor 

A capacitor, also known as a condenser, is a component in electronic devices. It 

consists of a combination of three objects. First, a pair of objects called conductors 

conducts electricity. The conductors are separated by a dielectric, which is a 

substance that does not conduct electricity. Common dielectrics include substances 

such as paper, ceramic and plastic. 

 

A run capacitor is a particular type of capacitor. A run capacitor uses the charge 

stored in the dielectric in order to boost the electrical current providing power to an 

electric motor. This type of capacitor is created to maintain a charge during constant 
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use of the motor. These capacitors are often found in devices, such as heaters, that are 

continuously running. 

 

Run capacitors typically are classified at 370 or 440 volts. It is necessary to ensure 

that the correct rating of run capacitor is installed in an engine. If a run capacitor with 

an incorrect voltage rating is installed in a motor that requires a capacitor for second-

phase energy, it will throw off the magnetic field. An uneven magnetic field will 

cause the rotor to slow in the uneven spots, which increases energy noise, as well as 

power consumption, and can also cause performance problems and overheating issues 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:3.4.1 Capacitor Connection Method 

 

3.5 Working Principle  

3.5.1 With the help of block diagram 
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Fig 3.5.1: Block diagram of IGC 

 

Generally for the rated load voltage and speed of the generator the output of the 

generator are connected to the consumer levels. The change occurs in the consumer 

load in different time intervals, which in turn change the speed and voltage of the 

generator. The voltage and frequency of the generator should be within allowable 

range. As the load changes, i.e when the consumer loads decrease, voltage and speed 

profile increases. 

 

We are using the voltage sensors to sense the change in the voltage level, thus when 

load decreases the terminal voltage detector signal increases, as unit of voltage 

sensing unit. 

 

The terminal voltage detector signal is applied to ADC port of the Microcontroller 

circuit which converts analog value to the equivalent digital signal. Microcontroller 

allows generating output according to programming and input parameters. Thus the 

ON and OFF action of ballast is maintained by the Triac firing angle control through 

the Microcontroller operation. Hence the action of the ballast is maintained by 

keeping the terminal voltage level constant. 
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3.5.2 With the help of circuit diagram 

The output of the IMAG, AB is connected to the two detecting device visually Zero 

Crossing Detector and Terminal Voltage Detector, and the same section is connected 

to Dummy load as well. 

 

The output of the step down transformer at zero crossing detector is connected to the 

comparator circuit at which the diode is the section treating as the zero crossing 

detection. When ever the 0.7V is crossed via the diode then zero crossing is detected, 

hence the input signal to the ADC port of Microcontroller AT Mega168 is triggered at 

Pin no. 4, DP2. 

 

Whenever the change in consumer level voltage occurs, then the Terminal Voltage 

Detector detects change in the voltage level, thus the input signal from the Voltage 

Detecto goes to PIN 28, A15 of the Microcontroller. Thus with reference to zero 

crossing and terminal voltage detection, the output signal is obtained from PIN 12, 

DP6 of Microcontroller, which drives the opto-coupler and fires the TRIAC which 

controls Ballast schemes of the system. 

 

Whenever the ADC supply goes to higher level then, the phase angle triggered from 

triac is less and vice versa. 

 

Increase in consumer load cause negative signal which will cause zero output of ADC 

and hence all ballast load are OFF which will cause increase in terminal voltage and 

above action takes place to maintain generator terminal voltage constant. 
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3.5.3 AT Mega 168 Microcontroller: 

The high-performance, low-power Atmel 8-bit AVR RISC-based microcontroller 

combines 16KB ISP flash memory, 1KB SRAM, 512B EEPROM, an 8-channel/10-

bit A/D converter (TQFP and QFN/MLF), and debug WIRE for on-chip debugging. 

The device supports a throughput of 20 MIPS at 20 MHz and operates between 2.7-

5.5 volts. 

By executing powerful instructions in a single clock cycle, the device achieves 

throughputs approaching 1 MIPS per MHz, balancing power consumption and 

processing speed. 

 

Features 

- High performance, low power Atmel AVR 8-bit microcontroller 

 

• Advanced RISC architecture 

– 32 × 8 general purpose working registers 

– Fully static operation 

 

• High endurance non-volatile memory segments 

– Self-programmable flash program memory 

– 256/512/512 bytes EEPROM 

– 512/1K/1Kbytes internal SRAM 

   In-system programming by on-chip boot program 

   True read-while-write operation 

– Programming lock for software security 

 

• Peripheral features 

– Two 8-bit timer/counters with separate prescaler and compare mode 

– One 16-bit timer/counter with separate prescaler, compare mode, and capture mode 

– Real time counters with separate oscillator 

– Six PWM channels 

– 8-channel 10-bit ADC in TQFP and QFN/MLF package 

– 6-channel 10-bit ADC in PDIP Package 

– Programmable serial USART 

– Master/slave SPI serial interface 
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– Byte-oriented 2-wire serial interface (Philips I2C compatible) 

– Programmable watchdog timer with separate on-chip oscillator 

– On-chip analog comparator 

– Interrupt and wake-up on pin change 

 

• Special microcontroller features 

– Internal calibrated oscillator 

– External and internal interrupt sources 

– Five sleep modes: Idle, ADC noise reduction, power-save, power-down, and    

standby 

 

• I/O and packages 

– 23 programmable I/O lines 

– 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF 

 

• Operating voltage: 

– 1.8V - 5.5V for Atmel ATmega48V/88V/168V 

– 2.7V - 5.5V for Atmel ATmega48/88/168 

 

 

• Temperature range: 

– -40°C to 85°C 

 

• Speed grade: 

– ATmega48V/88V/168V: 0 - 4MHz @ 1.8V - 5.5V, 0 - 10MHz @ 2.7V - 5.5V 

– ATmega48/88/168: 0 - 10MHz @ 2.7V - 5.5V, 0 - 20MHz @ 4.5V - 5.5V 

 

• Low power consumption 

– Active mode: 250μA at 1MHz, 1.8V 15μA at 32kHz, 1.8V (including oscillator) 

– Power-down mode: 0.1μA at 1.8V 
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Fig 3.5.3 Microcontroller 

 

 

3.5.4 Pin descriptions 

VCC 

Digital supply voltage. 

 

GND 

Ground. 

 

Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). ThePort B output buffers have symmetrical drive characteristics with both 

high sink and source capability. As inputs, Port B pins that are externally pulled low 

will source current if the pull-up resistors are activated. The Port B pins are tri-stated 

when a reset condition becomes active, even if the clock is not running. 

 

Depending on the clock selection fuse settings, PB6 can be used as input to the 

inverting Oscillator amplifier and input to the internal clock operating circuit. 

Depending on the clock selection fuse settings, PB7 can be used as output from the 

inverting Oscillator amplifier. 
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If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as 

TOSC2..1 input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set. 

 

Port C (PC5:0) 

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The PC5..0 output buffers have symmetrical drive characteristics with both 

high sink and source capability. As inputs, Port C pins that are externally pulled low 

will source current if the pull-up resistors are activated. The Port C pins are tri-stated 

when a reset condition becomes active, even if the clock is not running. 

 

PC6/RESET 

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the 

electrical characteristics of PC6 differ from those of the other pins of Port C. If the 

RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this 

pin for longer than the minimum pulse length will generate a Reset, even if the clock 

is not running. Shorter pulses are not guaranteed to generate a Reset. 

 

Port D (PD7:0) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port D output buffers have symmetrical drive characteristics with both 

high sink and source capability. As inputs, Port D pins that are externally pulled low 

will source current if the pull-up resistors are activated. The Port D pins are tri-stated 

when a reset condition becomes active, even if the clock is not running. 

 

AVCC 

AVCC is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It 

should be externally connected to VCC, even if the ADC is not used. If the ADC is 

used, it should be connected to VCC through a low-pass filter. Note that PC6..4 use 

digital supply voltage, VCC. 

 

AREF 

AREF is the analog reference pin for the A/D Converter. 
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ADC7:6 (TQFP and QFN/MLF package only) 

In the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D 

converter. These pins are powered from the analog supply and serve as 10-bit ADC 

channels 

3.5.5 Parameter Value 

Table:3.5.5 Parameter Value 

Flash (Kbytes):   16 

Pin Count:    32 

Max. Operating Frequency:  20 

CPU:     8-bit AVR 

# of Touch Channels:   16 

Hardware QTouch Acquisition: no 

Pb-Free Package: MLF (VQFN) 32 

TQFP 32 

PDIP 28 

 

3.6 Zero Crossing Detectors 

As the name indicates the zero crossing detector is a device for detecting the point 

where the voltage crosses zero in either direction. As shown in the circuit diagram the 

first section is a bridge rectifier, which provides full wave rectified output. This is 

applied to the base of the transistor through a base resistor, R2. The capacitor charges 

to maximum of the bridge rectified output through the diode,D5. This charge is 

available to the   transistor as VCC. The capacitance value is kept large in order to 

minimize ripple and get perfect dc. The transistor remains OFF until the Cut-in   

voltage VBE is reached. During the OFF period of the transistor the output will be high 

and approximately equal to VCC. Once the transistor is ON and IB increases according 

to the input wave, the transistor moves slowly towards saturation where the output 

reduces to the saturation voltage of the transistor which is nearly equal to zero. 

 

http://www.atmel.com/dyn/products/packagecard.asp?category_id=163&family_id=607&subfamily_id=760&part_id=3303&package_id=473&green=1
http://www.atmel.com/dyn/products/packagecard.asp?category_id=163&family_id=607&subfamily_id=760&part_id=3303&package_id=473&green=1
http://www.atmel.com/dyn/products/packagecard.asp?category_id=163&family_id=607&subfamily_id=760&part_id=3303&package_id=473&green=1
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Fig: 3.6 Zero Crossing Detector 

 

Initially VBE = Cut-in voltage of diode, the capacitor will charge through the 

diode Vm where Vm is the maximum amplitude of the rectified wave. Now the 

diode is reverse biased and hence does not provide a discharging path for the 

capacitor, which in turn has two effects. 

1. Variation in VCC.  

2. It will provide base current to the transistor in the region where both 

diode and transistor are OFF. 

Thus an output square wave is produced whenever the input 

voltage crosses zero thereby acting as a zero crossing detector. 

3.7 Triac 

TRIAC, from Triode for Alternating Current, is a generalized 

trade name for an electronic component that can conduct current in 

either direction when it is triggered (turned on), and is formally 

called a bidirectional triode thyristor or bilateral triode 

thyristor. 

 

TRIACs belong to the thyristor family and are closely related to 

Silicon-controlled rectifiers (SCR). However, unlike SCRs, which 

are unidirectional devices (i.e. can conduct current only in one 

direction), TRIACs are bidirectional and so current can flow through them in either 

Figure 3.7: Triac 

http://en.wikipedia.org/wiki/Genericized_tradename
http://en.wikipedia.org/wiki/Genericized_tradename
http://en.wikipedia.org/wiki/Electronic_component
http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Thyristor
http://en.wikipedia.org/wiki/Silicon-controlled_rectifier
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direction. Another difference from SCRs is that TRIACs can be triggered by either a 

positive or a negative current applied to its gate electrode, whereas SCRs can be 

triggered only by currents going into the gate. In order to create a triggering current, a 

positive or negative voltage has to be applied to the gate with respect to the A1 

terminal (otherwise known as MT1). 

 

Once triggered, the device continues to conduct until the current drops below a certain 

threshold, called holding current. 

 

The bi-directionality makes TRIACs very convenient switches for AC circuits, also 

allowing them to control very large power flows with mill ampere-scale gate currents. 

In addition, applying a trigger pulse at a controlled phase angle in an AC cycle allows 

one to control the percentage of current that flows through the TRIAC to the load 

(phase control), which is commonly used, for example, in controlling the speed of 

low-power induction motors, in dimmering lamps and in controlling AC heating 

resistors. 

 

3.7.1 Triac operation 

The triac can be considered as two thyristors connected in antiparallel as shown in 

Fig. 3.7. The single gate terminal is common to both thyristors. The main terminals 

MT1 and MT2 are connected to both p and n regions of the device and the current 

path through the layers of the device depends upon the polarity of the applied voltage 

between the main terminals. The device polarity is usually described with reference to 

MT1, where the term MT2+ denotes that terminal MT2 is positive with respect to 

terminal MT1. 

 

The on-state c0haracteristic of the triac is similar to that of a thyristor and is shown in 

Fig. 3.7.1 summarize the different gate triggering configurations for triacs. Due to the 

physical layout of the semiconductor layers in a triac, the values of latching current 

(IL), holding current (IH) and gate trigger current (IGT) vary slightly between the 

different operating quadrants. In general, for any triac, the latching current is slightly 

higher in the second (MT2+, G-) quadrant than the other quadrants, whilst the gate 

triggerCurrent is slightly higher in fourth (MT2-, G+) quadrant. 

 

http://en.wikipedia.org/wiki/Silicon_controlled_rectifier#Modes_of_operation
http://en.wikipedia.org/wiki/Ampere
http://en.wikipedia.org/wiki/Phase_control
http://en.wikipedia.org/wiki/Induction_motors
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Fig:3.7.1 Characteristics curve of Triac 

 

 

 

Figure: 3.7.2 Operating Modes of Triac 

 

For applications where the gate sensitivity is critical and where the device must 

trigger reliably and evenly for applied voltages in both directions it may be preferable 

to use a negative current triggering circuit. If the gate drive circuit is arranged so that 

only quadrants 2 and 3 are used (i.e. G Operation) then the triac is never used in the 

fourth quadrant where IGT is highest. 
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3.8 Choice of ballast: 

The ballast load is used to consume the excess power while choosing the rating of 

ballast we have to consider for the worst condition that is when no load is consumed 

by the consumers. Thus the power handling capacity of the ballast should not be less 

than the capacity of the generator, for the safety purpose the ballast load should be 

15% greater than the actual of the generator. 

 

The ballast load is considered as auxiliary load while choosing the ballast it is better 

to take resistive load.  

If inductive load such as fan, water pumps are chosen as ballast the value of capacitor 

should be increased to compensate with the reactive power that it consumed by the 

ballast. 

 

The real power generated by the 320 W at 220 & 50 Hz. 

Ballast rating= 320+320* 15/ 100 

          = 368 W 

 

The effect of load upon generator output 

Resistive Load 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8  Resistive Load 
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The figure shows the voltage variation with resistive load for an induction generator 

operating at constant speed and with fixed excitation capacitance. The full load 

current is the current at which the generator current equals the rated current as a 

motor, excessive load will cause excitation to collapse. 

 

Inductive load 

If an inductor is connected across the output of the generator, the current into the 

inductor will be supplied by the capacitors connected by the generators. This will 

reduce amount of excitation capacitance available and as a result the voltage will fall 

temporarily. Also, inductive load results in an increase in operating frequency. This 

will damage generator and other loads. If very large inductive load is connected, then 

the excitation of the generator will collapse. 

 

Capacitive load 

In the same way that an inductive load will inverse the operating frequency, a 

capacitive load will reduce it. This could be damaging to the generator and other 

loads. Fortunately leading power factor loads are very rare. They may occur if too 

much power factor correction capacitance is connected across an inductive load. 
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CHAPTER 4: PROJECT DETAILS 

4.1 Project strategies 

For the completion of the project we had achieved different stages corresponding to 

IWM components. At first, we had obtained the Case study of two different IWM 

power house, Roshi Khola IWM power house, Mangaltar, Kavre and Hattisar IWM 

power house,Salmechakel-9, Kavre. We obtained operation procedure, rpm, 

efficiency and losses along with distribution system voltage drop. 

 

Secondly we studied about the need of control system of IMAG and IGC in IWM 

power house, and finally we had designed the prototype of IMAG and IGC along 

with the control system correspondence to IWM power house. 

 

4.2 Existing Improved Water Mills Electrification 

Rural communities with the support from various support organization have 

successfully completed 17 IWM electrification projects till 2010 in Nepal. The IWM 

power houses have used the Induction Generator for the purpose of the electricity 

generation. However the capacity of an existing IWM kit is limited to 3 kW, several 

researches on development of 5 kW IWM kit is under construction. As and in several 

parts of country about 4 AFPMA generated plants are in operation along with 

electrification purpose. 

 

4.2.1 Case Study of Roshi Khola IWM Electrification Project 

1. Project Identification: 

1.1 Name of the Community:   Roshi Khola IWME User  

     Committee 

1.2 Name of the Organization:  Himchuli Consultancy Pvt.Ltd. 

1.3 Village Development Committee: Mechhe 

1.4 District:     Kavre 

1.5 Zone:      Bagmati 

1.6 Ward Coverage:    2 

 

2. Financial Features 

2.1 Total cost:    NRs. 407749 

2.2 Cost for Subsidy:   NRs.150000 
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2.3 Cost for community:  NRs.256649 

2.4 Cost per kW:   NRs.163100 

2.5 Per capita cost (community): NRs.9546  

2.6 Community contribution (%): 63.21% 

 

3. Technical features 

3.1 Gross head:   5.22 m 

3.2 Source of scheme:  Roshi Khola 

3.3  Discharge of source:  150ltr/sec 

3.4 Design discharge:   120ltr/sec 

3.5 Length of canal:   197m 

3.6 Power output:   2.5kW 

3.7 Penstock pipe:   HDPE 

3.8 Penstock length:   8m (280 mm dia.) 

3.9 Elecric line:   Overhead wooden pole 

3.10 Length of T&D:   3400m 

 

4. Population 

4.1 House hold:   36 

4.2 Base year:    2067 

 

 5.  Civil structure 

5.1 Intake type and number:  stream/ one 

5.2 Earthen canal:   180m 

5.3 Masonry canal:   17m 

5.4 Length of pipe:   8m (280mm) 

5.5 Number of nozzle:  11cm (one) 

5.6 Size of fore bay:   1.67x0.74x0.94 

5.7 Number of spillway:  one 

 

End use:     Oil expeller, Husker polisher and 

      Grinder 
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Table 4.2.1 Project site electrification  

Project site electrification 

Design plant capacity 2.5 kW 

Water discharge 120 ltr/sec 

Net head 5 M 

Penstock HDPP, 

2.5kg/cm
2
 

 

Turbine IWM kit  

Runner PCD 638  

No of nozzle 1  

Number of bucket 16  

Runner rated RPM 1075  

System efficiency 50%  

Transmission system Direct  

Generator pulley dia. For coupling 8 Mm 

Transmission losses 0  

Generator Induction  

Phase 1  

Frequency 50 Hz 
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4.2.1.1Layout of power house 

 

 

  

Fig 4.2.1.1  Layout of Power House 
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4.2.2 Case Study of Hattishar IWM Electrification Project 

1. Project Identification: 

1.1 Name of the Community:   Hattishar IWME User  

      Committee 

1.2 Name of the Organization:  Himal Consultancy Pvt.Ltd. 

1.3 Village Development Committee: Salmechakel-9, Kavre 

1.4 District:     Kavre 

1.5 Zone:      Bagmati 

 

2. Financial Features 

2.1 Total cost:    NRs. 734760 

2.2 Cost for Subsidy:   NRs.300000 

2.3 Cost for community:  NRs.338236 

2.4 Local contribution:  NRs. 96542 

2.5 Cost per kW:   NRs.146957 

 

3. Technical features 

3.1 Gross head:   10.0 m 

3.2 Source of scheme:  Khani Khola 

3.3 Discharge of source:  300ltr/sec 

3.4 Design discharge:   280ltr/sec 

3.5 Length of canal:   175m 

3.6 Tailrace canal:   5m open earthen canal 

3.7 Power output:   5.0kW 

3.8 Penstock pipe:   HDPE 

3.9 Penstock length:   25.0m (280 mm dia.) 

3.10 Electric line:   Overhead wooden pole 

 

4. Population 

4.1 House hold:   51 

4.2 Base year:    2068 
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 5.  Civil structure 

5.1 Intake type and number:  stream/ one 

5.2 Earthen canal:   160m 

5.3 Masonry canal:   15m 

5.4 Length of pipe:   14m (280mm) 

5.5 Number of nozzle:  13cm (one) 

Number of spillway:    one 

End use:     oil expeller, husker polisher and 

grinder 

 

 

 Table: 4.2.2.1Project site electrification 

Project site electrification 

Design plant capacity 5.0 kW 

Water discharge 280 Ltr/sec 

Net head 10 M 

Penstock HDPE, 

2.5kg/cm
2
 

 

Turbine IWM kit  

Runner PCD 680 Mm 

No of nozzle 1  

Number of bucket 15  

Runner rated RPM 1440  

System efficiency 50%  

Transmission system Direct  

Turbine pulley diameter 6 Inch  

Generator pulley dia. For coupling 24 Inch  

Transmission losses 0  

Generator efficiency 80%  

Generator Induction  

Phase 1  

Frequency 50 Hz 
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Financial information as per estimation: 

Table: 4.2.2.2 Financial Information 

Total cost (NRs) 734760 

Loan 

Subsidy 

----------- 

300000 

Equity 434760 

Others  

 

 

Operating financial information 

Table 4.2.2.3 Operating financial information 

Economic life of plant (Years) 15  

Proposed tariff (NRs./w//m) 1.5 

Annual operating cost (NRs.) 36000 

Annual income (NRs.) 90000 

Discount rate 6% 

NPV (NRs.) 89701 

House hold number 51 

House hold power demand (watt) 98 

Lighting hour/day 9 

Lighting day/year 330 

Lighting load kWh/year 14850 

Available kWh/year 39600 

Load factor (%) 37.50 

 

Others 

Cost/kW (NRs.) 146952 

Ownership Community 

Subsidy/HH (NRs.) 5882 

Cost/HH 14407 
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4.3 Performance of Turbine: 

In IWM, the flow of control of the water is not yet controlled via any application. 

Most of the consideration over the electrification is that the constant discharge occurs 

during whole time of operation. Hence due to the non regularities in the flow of 

control of turbine, the turbine performance of IWM is characterized as the curve 

shown below, 

 

 

Effieciency 

% 10 15 20 25 30 35 40 45 50 55 60 

RPM 400 375 345 340 320 300 290 275 250 225 200 

 

Figure: 4.3 RPM vs Efficiency Curve 

 

4.4 Induction Generator Controller Performance 

In many schemes of power plant there are turbine, induction motor and capacitor 

bank. To generate electrical power, water through the penstock pipe hits the turbine 

where kinetic energy of the water is converted into the mechanical energy. Turbine 

and generator are connected into same shaft ultimately it converts mechanical energy 

into electrical energy. 

During our project we use induction motor as a generator and single phase induction 

motor as a prime mover to drive induction motor. 
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Induction generator or asynchronous generator is the conversion of normal induction 

motor to the generator without any change in the winding. In the grid connected 

system the induction motor can be directly converted to induction generator, but in 

standalone system capacitor of appropriate value should be connected to the induction 

generator. 

 

The synchronous generator are complicated in design, it has field windings, carbon 

brushes except in brushless generators which is more complicated. So the induction 

generator differ from synchronous in the sense that it has only stator winding, the 

winding in the rotor is made of copper bars, so it can be considered as  solid rotor. 

The brushes are also not required so it is a brushless generator. 

 

Advantages of using Induction Generators: 

1. The cost of induction generator below 15kW is less comparing to the 

synchronous generator. 

2. Since induction generators are made out of induction motors and power 

capacitors which are easily available in comparison to synchronous generator 

3. The stator winding of an induction motor is similar to that of synchronous 

machine however its rotor is constructed quite different. 

4. They are reliable and require very less maintenance. 

5. Induction generators can be easily synchronized with other generators and 

grid. 

 

4.4.1 Grid connected induction generator 

If the grid or supply connected induction motor is driven at the speed above 

synchronous speed, so that the slip becomes negative i.e. in other word rotor speed is 

greater than speed of rotating field or synchronous speed. Then induction motors 

starts acting as induction generator which supplies power back to grid. However the 

machine still takes magnetizing current from the grid or supply in order to built 

rotating field as in motor operation. The full load power output is achieved at a slip of 

similar value but negative to the full load motoring slip. 
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4.4.2 Stand Alone Induction Generator Operation 

The magnetizing current of an induction machine can be supplied in total or part by 

capacitor. In fact capacitors are often fitted to reduce the reactive current draw from 

the supply. Specially when the inductive loads are used so in the case of standalone 

induction generator, the capacitors are only external source of magnetizing current. 

 

The highly simplified equivalent circuit of induction generator is as shown below.  

 

 

 

 

 

Figure: 4.4.2.1 Equivalent LC circuit 

 

This is fairly accurate representation for the purpose of determining capacitor 

requirements. When capacitor current Ic will equal the magnetizing current Im, then 

machine and capacitor will act as resonant circuit as at an angular frequency, fixed by 

the shaft speed of the machine provided that sufficient capacitance is present, the 

current will rapidly increase until stable operation is reached. When impedance of the 

capacitor equals the magnetizing impedance as given by 

1/(W*C)=W*Lm 

W=1/LC 

C=1/(W2*Lm) 

 

Increasing the capacitance will increase the operating voltage but since more current 

flow in the machine additional power will be loss as in stator winding. 

 

 

 

 

 

 

 

 

L C 
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4.2.3 Effect of using extra capacitance 

Use of the extra capacitance to allow for the increased saturation is not recommended. 

There are two reasons for this 

1. A high level of saturation will reduce generator efficiency and maximum 

output. 

2. Manufacturer’s data is always reliable. If too much capacitance is connected 

then under frequency operation will occur, which is inefficient for the 

generator and may damage loads. In general too little capacitance is better 

than large one. 

 

 

 

 

 

 

 

 

 

 

Fig: 4.4.2.2   No load excitation characteristics IG 
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CHAPTER 5: FINDINGS AND DISCUSSIONS 

5.1Description of Findings 

From this project we got various theoretical and practical knowledge and concept 

which increased our confidence level to handle project further. We also familiarize 

with various engineering equipments.  

1. Performance Study of IWM Components 

From the entire project we tested the performance of various IWM 

components, like: Induction Generator, Turbine. The efficiency of the turbine 

decreases as the runner speed increases above rated speed. The efficiency 

experienced during study was below 75%. 

 

2. Induction Generator Controller 

In our project which generates single phase supply from 3 phase induction 

motor and single phase induction motor (Prime Mover). We also fabricated a 

controlling device which keeps the terminal voltage of the induction generator 

constant as load change.  

 

The generator terminal voltage is 150 V at no load, and 127 V at 140W. We 

here consider 127 V as reference volt which is nearly 140W load. Decrease in 

140 W consumer load, generator terminal voltage increase to 150V which 

made 140W ballast load ON.  

 

3. Distribution Network 

The ACSR conductor is used for distribution purpose. Since all load centres 

are within 500 m peripheral, thus the transmission scheme is not essential. 

Mostly due to the use of resistive load in consumer level, the voltage drop is 

considerable within 4-8%. 

 

In Roshi Khola Power house, due to the location of power house at the middle 

of the distribution network, the voltage drop at consumer level was found 

about 4% which is considerable, whereas in case of Hattisar, the power house 

is located at the far end from the consumer load, the voltage drop found was 

about 8%. 
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CHAPTER 6: CONCLUSION AND RECOMMENDATION 

Conclusion 

With the hard work and dedication, we achieved our project completion. To achieve 

the project objectives different finite tasks was formulated, as our project is more 

concerned with the resource as well as fabrication of the device, we utilized most of 

our project time for research and analysis. In first phase, we carried out various test 

performancesand problem finding regarding to voltage generation, control, 

distribution. In second phase, we designed Induction Motor as Generator (IMAG), 

and the controller device, Induction Generator Controller (IGC) which keeps the 

terminal voltage of the induction generator constant as load varies. In third phase, we 

carried out related lab test and simulation of IGC, for standard rural electrification via 

IWM system. 

 

Recommendation 

The study is focused on the electrical generation and distribution control in IWM in 

the laboratory condition.  

 In practice the IWM generation is up to 

5kW. The induction generator is cost effective up to 15kW, thus there is the 

possibility of installation of higher power generated IWM. 

 Although IWM has multiple end uses, only 

2 or 3 end uses are being practiced. The standard IWM power house design is 

necessary for acquiring more efficiency by using more end uses 

simultaneously. 

 Other design consideration of mechanical 

components is better through for further study. 

 It is better to establish IWM station at the 

centre of load to reduce the voltage drop as well as prime location for other 

end uses. 

 There are other efficient technique to 

convert 3 phase to single phase beside C-2C connection. 

 We designed IMAG for simulation purpose 

only. The realistic design can be done. 
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 Other aspect of IWM end uses have not 

been studied here due to the constraint of the time, financial resources and 

laboratory facility available. 
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APPENDIX 

Appendix A1,  

Complete Circuit Diagram of IGC 
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Appendix2,  

Program Code for LCD Display 
#include <LiquidCrystal.h> 

int sensor=5; 

int start=2; 

int fire=6; 

int value=0; 

LiquidCrystal lcd(13,12,11,10,9,8,7); 

void setup()  

{                 

 lcd.begin(16,2); 

 lcd.print("Testing..."); 

 pinMode(start, INPUT); 

pinMode(fire,OUTPUT);  

digitalWrite(fire,0); 

} 

Program to Fire the TRIAC by Microcontroller AT Mega 168, 

int angle=3000; 

void loop() 

 { 

     value=analogRead(sensor); 

     if(value<135) 

     { 

        angle=angle+50;  

     } 

     else 

     { 

        angle=angle-50;  

     } 
 

     if(angle<5) 

     { 

       angle=5; 

     } 
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     if(angle>8000) 

     { 

       angle=8000; 

     } 

  if(digitalRead(start)==0) 

  { 

    delayMicroseconds(angle); 

    digitalWrite(fire,1); 

    delayMicroseconds(100); 

    digitalWrite(fire,0); 

  } 

} 
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Appendix 4, Features of AT Mega 168, Microcontroller 
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