Chapter 1: Introduction

1.1 Introduction
It is a known fact that lots of micro-hydro systems are in operation in our country, Nepal. They have been playing a great role to provide electricity to local communities. But one problem is typically seen in most of the micro-hydro systems. There is fluctuation in frequency generated by the generator which causes adverse affect in various electrical appliances. A controller is required to solve this problem. We have come up with “Design and Manufacture of Electronics Load Controller” which is meant to construct an ELC (Electronic Load Controller) that controls the frequency of the generated voltage in the micro-hydro systems.

1.2  Objectives: 

The main objectives of this project are:

· To design and construct an ELC.

· To minimize the problems in existing ELC.

· To interface the constructed ELC to the computer.

· To construct a PC based data logger that logs the performance of the ELC.

1.3. Background
In Nepal, almost all of the micro hydro systems are based on run-off-river type. Storage system has not been put into practice because of its high cost. This result in the generation of constant power by the generator but the consumer load may vary from time to time. In the case of peak load almost all the generated power is consumed but when the required load is less than the generated power the voltage and the speed of the generator increases which causes serious problems in the appliances used by the consumer and other system components such as transformer and motor loads. Over voltage may cause overheating, reduction in life of different devices whereas under voltage reduces the heat output in case of heating devices and intensity of lighting devices. Fluorescent lamps will not even light if the voltage is down by 15%.

To overcome such problems, Electronic Load Controller (ELC) is used such that the generator faces a constant load all the time. Due to cost factor synchronous generator with AVR are not used. Induction motor that can be used as generator is used in most of the micro hydro schemes because of their low cost. But there is no provision for the AVR in induction generator. The induction generator version of ELC is known as Induction Generator Controller (IGC).
After the ELC is installed in the micro hydro system, its performance needs to be governed continuously. In many of the cases the operator may not even know if the ELC is in working condition or not. To overcome that and make sure that the ELC is functioning well, we have designed a interfacing system to show the output of the generator in terms of voltage and frequency. For that we have designed a system that interfaces the ELC with the computer. A sample of voltage generated by the generator is fed to the computer via the interfacing circuit and is displayed continuously in the computer. On top of it, the results are logged in frequent intervals of time to check the performance the ELC in later times.
The conventional governors made using mechanical and hydraulic governors to control the flow of the water in the penstock are uneconomical. Thus, in micro hydro systems in which cost is the major factor electronic governor the ELC is the best way of controlling the speed of the generator.

The electronic load controller is an electronic device that maintains a constant electrical load on the generator in spite of changing user loads. This permits the use of turbine with no flow regulating and their governor control system.

The ELC maintains a constant generator output by supplying a secondary ballast load with the power not required by the main load. Consider the plant running at near full load and governed by an ELC. If the consumer switches off some appliances then less electrical power is used while the same water power is maintained to the plant causing increase in speed and frequency of the turbine and the generator. The change is speed and frequency is sensed by the ELC. The ELC then adds a ballast load of sufficient resistance at the generator output to dissipate power equivalent to that which was switched off. Thus in spite of change in consumer load the total load on the generator remains constant.

Chapter 2: Project Design
2.1 Electronic Load Controller

The ELC consists of the following modules. The design of each of these modules and their final integration prepares the complete ELC. The following paragraphs include the descriptions of each block with the circuit diagrams alongside. 
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2.1.1. DC Voltage Supplies and Reference Voltage Module
This module produces supply voltage that power the other modules and the reference voltage that is used by other modules. The input to this module is the generator voltage which is high and variable with large current capacity. The output of the module is lower, more stable voltage with lower capacity. The 220 V ac voltage of the generator is first stepped down by a transformer to a smaller ac voltage. Using a rectifier the ac voltage is converted to dc voltage which is regulated to give constant output voltage. This module thus provides power to the electronics. Thus the design of this module consists of the design of the suitable transformer, rectifier and the voltage regulator.
The 100R resistor and 100 nF capacitor form an RC filter XE "RC filter"  with a time constant XE "time constant"  of 0.01 ms. It acts as a simple low-pass filter XE "low-pass filter"  that smoothens very sharp voltage spikes from generator voltage somewhat before this is fed to the transformer and voltage dividers module. Even when there is just the usual noise on generator signal, some power is dissipated in this resistor so it should really be a 1 W type. Voltage over the capacitor can rise very high. So, the 100 nF capacitor is 250V `class X2' capacitor. 
The fuse XE "fuse"  protects the transformer against too high currents in case of a short-circuit at the secondary side, or generator voltage being too high while frequency has not increased proportionally. The capacitive current drawn by the capacitor should not pass through the fuse because this would partly annihilate the reactive current XE "reactive current"  drawn by the transformer. Then the transformer could still receive a larger current than the fuse allows and the transformer would not be properly protected.
The transformer reduces generator voltage to a level suitable for powering the electronics. The bridge rectifier converts it to a DC voltage that appears on measuring point `Vunstab XE "Vunstab" ’. Apart from serving as input voltage for the next step, this voltage is used as input signal for `overvoltage’ and `undervoltage’ protection features.
Together, the 4k7 and 5k6 resistor, 24 V zener diode, transistor Q1 and 2200 uF elco’s form a coarse stabilized voltage supply with `V24 XE "V24" ’ as output voltage. Besides providing power to the next step, V24 is used to power the coil of the relay.
Together with the 470 nF and 100 nF capacitors, the 78L15 stabilized voltage supply XE "stabilised voltage supply:78L15"  produces a nice, stable voltage + XE "+V" 15 V that is used to power all electronics.
The LM317T voltage regulator produces an accurate, stable voltage `Vref XE "Vref" ’ of approximately 6.9 V that is used as reference voltage at many points in the circuit.  [image: image2.jpg]Generator Voltage
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Fig 2: DC Voltage supply and reference voltage module
[image: image3.wmf]DC voltages

0

5

10

15

20

25

100

125

150

175

200

225

250

Generator voltage, V (AC)

DC voltage, V

Vunstab

V24

 +V


Fig 3: DC Voltage Characteristics
2.1.2. Voltage Dividers Module
The generator voltage 220 V ac is too high for the electronic circuit to work. Thus voltage dividers are required so that the generator voltage is reduced to a value that can act as input to the saw tooth signal module and the forbidden trigger zone module. This contains a number of resistors arranged in suitable order. The design of the voltage dividers module is arranging the different resistors in suitable and required way. 
The series of three 332 k resistors is used because one 1 M resistor can not cope with the high voltages that could occur on `220 V Line'. These resistors are of 1% metal film type.

The 1% version was chosen because it is important that their values are precisely equal. Via this series of 332 k resistors, voltage signal from `220 V Line' comes in. If this voltage would be equal to voltage on `220 V Neutral', this combination of voltage dividers will also give a voltage of 1/2 of voltage on `+V', i.e. +7.5 V  so equal to the reference voltage from the left-hand voltage divider. This means that if generator voltage is 0, voltage signal fed to sawtooth signal circuit is also 0.

The four 100k resistors should have precisely the right value. If not, the blocks in sawtooth signal module will get a distorted signal. Then zero crossings XE "zero crossing"  are not detected properly any more and at the end of the line, there might be a DC component XE "DC component" \t " See troubleshooting / DC component" 

 XE "troubleshooting:DC component"  in current to dump loads.
For the 332k resistors, it is not accuracy that counts but the increased maximum voltage. Ordinary carbon film resistors with 5 % accuracy have a maximum voltage of 250 V while 1 % metal film resistors are rated at 350 V. Probably, resistance value is no longer guaranteed above maximum voltage. Maybe there will be a leakage current and in extreme cases, the insulation might fail and it could become short-circuited. If this would happen during a heavy voltage spike, opamps of the sawtooth module and the forbidden trigger zone module might get destroyed. This maximum voltage can be lower than voltage at which dissipation surpasses its power rating and the resistor overheats.
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Fig 4: Voltage Divider Module

2.1.3. Sawtooth Signal Module
A sawtooth signal XE "sawtooth signal"  is a signal that increases gradually with a constant slope, then drops sharply when it is `reset', after which the cycle is repeated. Here, the resets of sawtooth signal follow shortly after the zero crossings of generator voltage. 

Sawtooth signal serves two functions:
1. Its momentous value tells how much time has elapsed since the last zero crossing XE "zero crossing" . This information is used by final comparators to set trigger moment for this half period.

2. Its mean value tells about the frequency at which the generator runs. If frequency is rather low, sawtooth signal rises a bit higher before it is reset by the next zero crossing and its mean value will be slightly higher. If on the other hand frequency is relatively high, mean value of sawtooth signal will be below normal. So its mean value is proportional to the inverse of frequency. This mean value is derived in low-pass filter, after which it is fed to PI controller.
Sawtooth signal is derived from generator voltage in 4 steps:

1.Block wave: A block wave XE "block wave"  is a signal that, at any moment, is either `low' or `high'. Duration’s of `high' and `low' stages are equal and it switches very fast from high to low or reverse. Actual voltages of `high' and `low' stages depend on characteristics of the electronic component that creates it and its voltage supply.
Opamp U1 is connected as a Schmidt trigger XE "Schmidt trigger" . The right-hand voltage divider supplies a reduced, sine-wave-shaped generator voltage signal. The 1M resistor causes a `feed-forward' effect: When output is `low', it influences its input signals in such a direction that it tends to remain `low' longer. This makes block wave less sensitive to noise on generator voltage. Result is a block wave signal with the same frequency as the generator about 50 Hz that switches synchronized with zero crossings of generator voltage. The feed-forward effect however, makes that it does not switch exactly at zero crossings any more but a little later: Block wave signal is somewhat delayed with respect to generator voltage signal at its input.
2.Inverted block wave: Opamp U2 works just like opamp U1, but has its + and - inputs interchanged. This makes that when opamp U1 is `high', opamp U2 will be `low' and the reverse, making its output signal the inverse of block wave of opamp U1. Looking at the combination of opamp U1 and U2, it can be seen that the effects of the two feed-forward resistors, are added. When opamp U1 is high, its own feed-forward resistor pulls its + input a bit higher. At the same time, opamp U2 will be low and pull - input of opamp U1 little lower. Both feed-forward resistors are practically equal to the total of 990 k of resistors through which generator voltage signal comes in. This makes that feed-forward effect as calculated back to generator voltage levels, is equal to the full voltage swing that those opamps can make about 14 V. So after a negative half period in generator voltage, block wave will switch from low to high once generator voltage has risen to +14 V just after a zero crossing from negative to positive. And it will switch back to low when generator voltage has decreased to -14 V after a zero crossing from positive to negative (inverted block wave just reacts opposite). This causes the 0.14 ms time delay between real zero crossings and the switching moments of the blocks. Opamp U1 and U2 make a block wave from a sine-shaped.

3. Pulse train XE "pulse train" : Opamp U1 and opamp both have a 47 nF and a 5k6 resistor wired to their  outputs. Over the resistors, there will be a voltage peak right after output of the respective opamp has switched, which will then dampen out quickly. Both positive and negative peaks are created but only the positive peaks are conducted forward by the diodes. If one branch produces a negative peak (because its opamp switches from high to low), at the same time the other one will produce a positive one (because then this opamp must have switched from low to high). So on pulse train measuring point, there is a series of positive pulses with twice generator frequency, so around 100 Hz and a width of 0.16 ms.  These pulses are synchronized with zero crossings but, because block wave itself was slightly delayed, these pulses are also a little delayed with respect to zero crossings.
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Fig 5: Sawtooth signal module

4. Sawtooth signal: Together, the 10 k, 100 ohm, 150 ohm and 1 k resistor form a voltage divider from `Vref' that supply a stable, low voltage to + input of opamp U3.For 50 Hz, this voltage should be 0.701 V.  The 5.6 k resistor and 100 nF capacitor make that opamp U3 functions as an integrator: It integrates this low, stable voltage at its + input into an output signal that has a constant, positive slope and this forms the gradually increasing part of sawtooth signal. During every pulse of pulse train signal, the transistor Q1 receives current at its base terminal and conducts. This way, the 100 nF capacitor is discharged and, with its – input practically short-circuited to its output, opamp U3 acts as a voltage follower: Its output just reproduces the low, stable voltage at its + input. As soon as the pulse ends, output starts to rise again. The result is a sawtooth signal of some 100 Hz with the resets synchronized to zero crossings of generator voltage. But again, these resets are slightly delayed with respect to zero crossings of generator voltage.

The small voltage at the non inverting input of opamp U3 is the slope of the sawtooth

 signal generated. It thus determines the average value of the sawtooth signal and that of the 1/f signal.
2.1.4. Forbidden Trigger Zone Module
Sawtooth signal contains all information that is needed to trigger the triacs at the right moments, achieve the desired trigger angles and with that, the right amount of power diverted to the dump loads. In practice, things can go wrong near the ends of the range of possible trigger angles. Forbidden Trigger zone signal creates a safety margin around the danger zone close to the zero crossings XE "zero crossing" : When it is high, final comparators module will not produce a trigger pulse XE “trigger:pulse" . This way, the following triggering errors can be avoided: 

Suppose trigger angle should be near 180°, meaning that dump loads should be switched practically off. Now the small delay between actual zero crossings and the resets of the sawtooth signal might cause the trigger pulse to come just after the real zero crossing. This would mean that the triac is triggered at the start of the next half period instead of towards the end of the previous one, causing its dump load to be switched on completely. Also if the start of the trigger pulse might be just before the zero crossing, it might continue until a little bit after, with the same effect.

Suppose trigger angle should be near 0°, meaning that the dump loads should be switched completely on. Then things could go wrong if the dump loads are slightly inductive, causing current through them to lag a little bit behind voltage over them. This means that the triacs will extinguish shortly after the zero crossing. Now if a trigger pulse would come just before the triac extinguishes, it has no effect: The triac will still block once current drops to 0 and it won’t be triggered after this. So the next half period, dump loads are switched fully off.

When FT zone signal is high, the final comparators module will not produce a trigger pulse. If the PI controller produces a trigger angle signal corresponding with nearly 0° trigger angle, the effect is that the trigger pulse is delayed until the F.T. zone signal goes low again, meaning a somewhat higher trigger angle so that the dump load is not switched on completely. If the PI controller produces a trigger angle signal corresponding with just less than 180° trigger angle, there won’t be any trigger pulse so the effect is that the dump load is switched off completely.
F.T. zone signal is derived from generator voltage, using the signal from the right-hand voltage divider. Around zero crossings, generator voltage is close to 0 and F.T. zone signal will be high. Away from zero crossings, this voltage is large, (either positive or negative) and F.T. zone signal should be low.
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Fig 6: Forbidden trigger zone module
Opamp U1 is connected as a comparator. Its output will be high if voltage on + input is higher than that on – input, and low if + input is lower than – input. Because of the 500 ohm resistor, the + input of opamp U1 is pulled up a bit and – input is pulled down by just the same little bit. This will make that output will surely go high, inhibiting any trigger pulses.

If generator voltage rises well above 0, the lower diode will start conducting, causing a current through the lower, horizontal 10 k resistor between – input and lower end of the 500 ohm resistor. Once voltage drop over the 10k resistor becomes higher than voltage over the 500 ohm resistor, - input of opamp U1 is pulled higher than + input and output will go low, enabling final comparators to produce trigger pulses.

If generator voltage decreases until well below 0 V, the upper diode will start conducting, causing a current through the upper, lying 10 k resistor between + input and upper end of the 500 ohm resistor. Once voltage drop over this 10 k resistor becomes higher than voltage over the 500 ohm resistor, + input is pulled lower than –input and output will go low also, enabling the final comparators to produce trigger pulses.

Adjusting the width of FT zone pulses too narrow gives increased chances on the trigger errors as mentioned above. Adjusting it rather wide, will cause the ELC to react a bit crude as it can no longer use the full range of trigger angles. The duty cycle of the forbidden trigger signal is set to 6.65% by the 500 ohm resistor.

When generator voltage is close to 0, both diodes in F.T. zone module will conduct no current: They are both in blocking direction and for sure, the forward voltage drop they need to start conducting, is not reached. This means that around zero crossings, F.T. zone circuit does not disturb voltage from the right-hand voltage divider. So the detection of zero crossings by the blocks is not influenced.
2.1.5. Low-Pass Filter

Since the slope of sawtooth signal is constant, the maximum value it reaches before being reset, is proportional to the time lapse between zero crossings. This means that peak voltage of sawtooth signal XE "sawtooth signal"  is proportional to the inverse of frequency of generator voltage. Mean value of sawtooth signal is mean value of its maximum (which varies with inverse of frequency) and its minimum (which is constant) so mean value can also be used as a measure of inverse of frequency. Low-pass filter derives this mean value of sawtooth signal and this 1/f signal XE “1/f signal”  serves as input to PI controller.
Sawtooth has a frequency way above the LPF cut-off frequency so this is dampened very strongly: At 100 Hz (for 50 Hz nominal generator frequency), a nearly sine-wave shaped ripple voltage XE "ripple voltage"  with an amplitude of only 20 mV will come through. For this filter, a 24k3 /1% resistor and a 56 nF capacitor are needed (ordinary 5 % resistors are not available with a value around 24k so a 1%, metal film type was chosen). 
As said, low-frequency signals are hardly dampened by this filter, but they are affected in another way: They come through with a delay time of some 20 ms.
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Fig 7: Low Pass filter module
2.1.6. PI Controller
In general terms, the PI controller XE “PI controller”  works as follows: It compares actual frequency (an input variable) with desired frequency and reacts to the difference. If actual frequency is too high, it decreases trigger angle so that more power will be diverted to the dump loads. This will make the generator slow down and frequency will decrease. And the reverse: If actual frequency is too low, trigger angle is increased, power diverted to dump loads decreases and the generator can speed up some more.
The circuit diagram shows some more on how the PI controller works electronically: There is no `frequency’ signal, but an inverse-of-frequency signal: 1/f signal from low-pass filter. This does not matter as long as it makes the controller regulate in the right direction: If frequency is too high (so `1/f’ is too low), trigger angle should decrease and the reverse.
Voltage of `Vref’ serves as a `desired 1/frequency’ signal. This voltage can not be adjusted so for fine-tuning frequency, one has to manipulate the way the `1/f’ signal itself is created, which is done  by the sawtooth signal module.
The PI controller consists of a P-effect (around opamp U1) and an I-effect (around opamp U2). Both react independently to changes in `1/f’ signal and the two 10 k resistors make that trigger angle XE "trigger:angle" \b  signal is the mean value of their output voltages.
The `P’ in `P-effect’ XE “P-effect”  stands for `Proportional’. Op​amp U1 is wired up as a non-inverting amplifier, meaning that its output signal is proportional to its input signal, which is the difference between `1/f’ and `Vref’. Its amplification factor is adjusted to 23(=1 + 220/10). P-effect can be expressed as this amplification factor. 

P-effect reacts instantaneously to changes in `1/f’ signal, but it does not regulate in such a way that `1/f’ becomes exactly equal to `Vref’. To maintain a trigger angle signal other than its neutral value of `Vref’, there must be a difference between 1/f and `Vref’ that can be amplified. This means that a P controller (consisting of only P-effect) will not regulate to exactly its set point

The `I’ in `I-effect’ XE “I-effect”  stands for `Integrating’. Opamp U2 is wired as an integrator XE “integrator” : An input signal is transformed into an output signal that rises or falls with a slope proportional to value of its input signal. The relation between input voltage and slope of output voltage is determined by resistor R3 and capacitor C1. Setting R3 to a lower resistance will make I-effect react faster. So I-effect can be expressed as a conversion factor between an input voltage and a slope of output voltage. With the value of R3 set to 47K Ohm, the conversion factor I-effect is 45 s-1.

The input signal for I-effect (= difference between 1/f signal and Vref) is not constant. It could be either positive or negative, and either be very small or rather large. Consequently the output of opamp U2 could either go up quite fast, hardly change at all, or go down quite fast. It all depends on whether `1/f’ is above, nearly equal to, or below `Vref’.

I-effect continues adjusting its output until there is no difference between Vref and `1/f’ left to amplify. By then, I-effect does not change any more, but it might be anywhere between its upper and lower voltage limit. So an I controller (consisting only of I-effect) does regulate to exactly its set point

As long as the ELC is operating normally, opamp U2 will not reach the limits of its output voltage range. Suppose 1/f signal is slightly above Vref. Then output of opamp U2 will rise slowly, trigger angle rises and with that: Power diverted to dump loads decreases. This makes that total load connected to the generator decreases, it will accelerate and frequency rises so 1/f signal drops. So the process that is being controlled by the PI controller (the generator), forms a part of the feed-back loop that prevents I-effect opamp from reaching the limits of its range.

To understand how the PI controller works, one has to look how P-effect and I-effect cooperate:

When 1/f signal changes fast, P-effect is the first to react and make that trigger angle is adjusted to the new situation.
Once the situation is stable, it is I-effect that does the actual regulation and makes sure that frequency is regulated to exactly its set point

Via the two 10 k resistors, both P-effect and I-effect have an equal influence on trigger angle signal and this signal is the mean of the two output voltages. Now final comparators have been designed such that, with P-effect having its neutral value equal to `Vref’, I-effect on its own can regulate dump loads from being practically switched off to being nearly fully switched on.
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Fig 8: PI Controller Module

A Detailed Look at the PI Controller
In general, a fast-acting controller is a better controller: It reacts faster and stronger to disturbances so the variable being controlled (= frequency), is brought back to its desired value faster. So on average, difference between actual value and desired value will be smaller: A better controlling action

But there is a limit as to how fast a controller can be made: It should never cause the system to oscillate by itself. In fact one should stay well below this oscillation level, so that variations caused by outside influences, dampen out quickly. For complicated `higher order’ processes, the maximum gain of the controller at which the system just starts to oscillate, can be calculated theoretically. For a simpler system like controlling generator speed with an ELC, such a calculation would give that theoretically, the controller can be adjusted infinitely fast without causing oscillation. In practice however, it already causes oscillation at a moderately fast setting because of delay time XE “delay time”  (also called `dead time’ XE "dead time" \t " See delay time" ) in the process itself or in the controller

Low-Pass Filter causes a delay time for relevant frequencies. Besides this, the way `frequen​cy’ signal is measured, also causes some delay: If generator frequency changes a bit during one half period, this is detected only at the end of this half period, so at the next zero crossing XE "zero crossing" . During the next half period, no new measurement comes in so the measured value of the last zero crossing is still used. On average, this means 5 ms delay time at 50 Hz .
Near zero crossings, the value of trigger angle signal is virtually irrelevant. Only near the top of the sine-wave-shaped generator voltage signal, a small change in trigger angle causes a large difference in power diverted to dump loads. So to be precise, one should not only look at `how fast a signal comes through’, but as well at `how much of a signal comes through by the time of the next top in generator voltage’.
2.1.7. Overload Signal Module
In a way, overload signal XE "overload signal"  module is related more to protection features, as it remains inactive as long as the system is operating normally. It is activated only when there is an overload situation XE "overload situation" , so if user loads draw more power than the system can generate By then, the ELC will have switched off dump loads completely, but still generator frequency might drop further. The overload module is meant to warn users that the system is overloaded and that they should switch off some appliances that draw a lot of power, or at least not switch on any more. 

Once frequency drops below a threshold level, overload module will cause the ELC to oscillate in a characteristic way. This makes that all over the grid powered by the M.H. system, at least frequency, and most likely also voltage, will fluctuate. Most types of electrical appliances will somehow react to this, by a change in pitch of their noise or by a change in brightness of lamps. 
Opamp U1 is wired as a pulse generator XE "pulse generator" , although this one produces an inverted pulse signal: Normal state is `high' and pulses are `low'. There is a strong feed-forward effect created by the 100 k resistor from output to - input, which makes that output will be either `high' or `low'. With output in `low' state, there is an even stronger feed-back effect created by the 3.3 k resistor + diode between output and - input, but this effect is delayed: It takes a while before the 47 (F elco capacitor is discharged. This makes that output will not remain `low' for long: Once the feed-back effect overtakes the feed-forward effect, it goes `high' again. Then the diode blocks, so the capacitor can not be charged from output via the 2.2 k resistor. It can be charged only from `1/f' signal via the 15 k resistor and this takes quite a bit longer. This makes that the period between two pulses are much longer than the pulses themselves.

During a pulse, trigger angle XE "trigger:angle"  signal is pulled down via the 5.6 k resistor and diode. During an overload situation, frequency will be considerably below normal, so both P-effect and I-effect will pull trigger angle up as high as they can. The result will be that trigger angle ends up at about 1/2 V, making that dump loads will be switched on at half capacity. The extra power that is drawn from the generator will make it slow down further and, depending on generator characteristics, also generator voltage will go down considerably.

The duty cycle XE "duty cycle"  of output signal depends on 1/f signal and the values of resistors R1 and R2. If the junction between R1 and R2 (junction 9) is only slightly above Vref (so only a moderate overload), pulses will be quite short: 0.15 s, while one cycle might take some 3 to 5 s. If frequency drops further, the pulses themselves become only slightly longer while the time between pulses becomes much shorter, say just 1 s.

[image: image9.png]1/f signal

to final
comparators
Sha .
o1
Re .
1560 > 330 e
50
r2
750 A .
LR ane >~ |
R3
1560 . -
vref
an0 1000
R7
= 100k




Fig 9: Overload signal module

It seems counterproductive to waste power by switching on dump loads right when there is a power shortage already. However, the power wasted by this overload signal is quite small because the pulses are short in comparison to the period between two pulses. Even when pulses are just 1.5 s apart, on average only 5% of dump load capacity is used for this.

Overload signal module can be tested by connecting more user loads than the system can handle. If the turbine has a flow control valve, an overload situation can be simulated by reducing turbine power output and no extra user loads are needed

Of course the overload signal only makes sense if users recognize the signal and react to it by switching off appliances that consume a lot of power, or at least not switch on more appliances. So it should be explained to them why the signal is given and demonstrated how the signal influences different kinds of appliances. There is an incentive for users to react to the signal. If they would not, eventually `under voltage' protection feature or the over current protection of the generator will switch off user loads completely and they will have to wait for the operator to start up the system again. Or, if these features are disabled, eventually their appliances won't function properly or might even get destroyed.
2.1.8. Final Comparators
This module will contain two or three comparators that have saw tooth signal input to the non inverting input terminal and the trigger angle signal to the inverting input terminal. Once saw tooth signal rises above the trigger angle signal their output changes from low to high producing trigger pulses for the respective triacs. 
Opamps U1 and U3 are wired up as comparators XE "comparator" . There is no feed-back or feed-forward effect: If + input rises above - input, output will change from low to high.

Opamp U1 and U3 receive a reduced sawtooth signal XE "sawtooth signal"  on their + inputs and compare this with trigger angle XE "trigger:angle"  signal on their - inputs. Once sawtooth signal rises above trigger angle signal, their output changes from low to high and the transistor circuits wired to their outputs, produce trigger pulses XE “trigger:pulse"  for their respective triacs. Sawtooth signal provides information on the time that has passed since the last zero crossing XE "zero crossing" . If trigger angle signal is rather low, sawtooth signal will rise above this level only a short time after a zero crossing, so trigger pulses comes soon after each zero crossing and trigger angle is low. If trigger angle signal is high, either it will take longer, leading to later trigger pulses so to a higher trigger angle. Or the peaks of sawtooth signal will remain below trigger angle signal altogether and triacs are not triggered at all.

At this point, also F.T. (Forbidden Trigger) zone signal comes in. When F.T. zone XE "F.T. zone"  signal is high, it pulls up trigger angle XE "trigger:angle"  signal via the diode. It will pull up trigger angle so high that sawtooth signal can never rise higher. This makes that while F.T. zone is high, no trigger pulses can be produced so the triacs can not be triggered near zero crossings. Once F.T. zone signal goes low again, trigger angle decreases only at a limited rate because of the 100 nF capacitor. This way, the circuit is insensitive to very short dips in F.T. zone just after zero crossings that might result from reverse recovery current peaks.
The circuit connected to + inputs of opamp U2 and U3 modifies sawtooth signal in such a way that:

· Its amplitude is only some 45 % of that of sawtooth signal itself. 

· It is either drawn upwards (the one at + input of opampU1) or pulled down (the one at + input of opamp U3).

This has the following consequences:
The reduced sawtooth signals can never rise as high as trigger angle signal when this is pulled up by F.T. zone signal. This guarantees that triacs can not be triggered around zero crossings.

Since the reduced sawtooth signal to Opamp U3 is always lower than that to Opamp 1, the dump load 2 triac will be triggered later than that of dump load 1.
Usually, there is 90( difference between the trigger angles for both dump loads. However, both trigger angles must stay within their range of 0( to 180( so when one trigger angle reaches the end of its range, the other one can approach that end as well. So the two dump loads can never be triggered both at around 90° trigger angle. If dump load 1 is triggered at 90°, dump load 2 will be triggered at nearly 180°, so it will be completely off. If dump load 2 is triggered at about 90°, dump load 1 will be triggered at nearly 0°, so it will be fully on. This effect makes that the adverse effects of switching on a large load, are reduced and the generator does not have to be oversized that much.

As long as power diverted to dump loads is between 1/4 to 3/4 of total dump load capacity, power diverted to dump loads changes practically linearly with trigger angle signal. So if PI controller is adjusted optimally for any point within this range, it will function optimally for this whole range. Outside this range, power diverted to dump loads reacts less strong to a change in trigger angle. So in this range, PI controller will react a bit slower than optimal, making the system even less likely to oscillate.

I-effect on its own can steer trigger angles for both dump loads over nearly their full range. I-effect will do the fine-tuning of generator frequency and P-effect will be `neutral' (so: Output equal to Vref) once frequency is properly fine-tuned. To make that with P-effect being neutral, I-effect can steer trigger angles of both dump loads over their full range, sawtooth signal had to be reduced.
The 47 nF capacitors and 2.2 k resistors produce pulses once the opamp outputs change from low to high. This makes that the triacs are triggered by short pulses instead of as long as the outputs are high. This way, power needed for triggering triacs is greatly reduced. If the output changes from high to low, the capacitor can discharge via the diode and then the circuit is ready again to produce a new trigger pulse.

The transistors and 150 ( resistors to the gates of the triacs produce the trigger pulses. The remaining four 1 k resistors make the circuit less sensitive to noise.
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Fig 10: Final comparator module
2.1.9 Power Circuit
2.1.9.1 Capacity

The capacity of this circuit determines capacity of the ELC as a whole XE "ELC capacity" . The maximum current the triacs can handle, determines the kW rating of each dump load. Multiplied by the number of dump loads (2 for our version), this gives the maximum capacity of dump loads that can be connected to the ELC and this is the kW rating of the ELC. This total dump load capacity should be some about 20 % above design power output of the M.H. system.
Current rating of the relay determines the maximum current that user loads may draw. Normally, one can calculate current I by dividing power P (in W) by nominal voltage V. But user loads could draw a much higher current than this if:

· These user loads have a poor power factor.
· The system gets overloaded.

In this situation, it is better to express capacity of the ELC in terms of kVA = 1000 * maximum current * nominal voltage.

Generally, kVA rating of the ELC should be the same as kVA rating of the generator. Then total capacity of dump loads will be only 50 to 70 % of kVA rating of the generator.

Since the components of the power circuit make about half the total cost of the ELC, it is important to economize its cost. The power capacity of the designed ELC is up to 7 KW.

2.1.9.2 Relay
The relay XE "relay"  serves to connect the grid and dump load circuits to the generator when its coil is powered by the `logics' module of the protection features. If one of these protection features gives an `unsafe' signal, current to the relay coil is interrupted and the relay will switch off. This way, user loads, dump loads and triacs are protected against too high or too low voltage, and too high a frequency.
If there is no DC voltage supply, the relay can not be switched on. After the generator is started and produces normal output voltage, it takes about 0.2 s before the large capacitors in DC voltages module are charged up high enough for the relay to switch on.The relay we are using is of 24 V DC type.

2.1.9.3 Triacs
The power element used for switching dump loads, is the BTA12 triac. It is XE "triac:TIC263M"  rated as 25 A and 600 V. The BTA12 can not be triggered by a positive trigger current when main current is negative. There is no problem using such types since final comparators provide a negative trigger current anyway.
2.1.10 Noise Suppression Coils
The noise suppression coils XE "noise suppression coil"  are used for the following purposes:
1. To eliminate radio frequency noise, which would be annoying to users listening to a radio. Also it might disturb proper functioning of other electronic appliances.
2. To protect the triacs. After being triggered, the rate at which main current increases should stay below the maximum dI/dt value specified for the TIC263M triac: 200 A/(s. To achieve this, a self-induction of just 3 (H would be enough to protect them.
3. The noise suppression coils also play a role in protecting the triacs in case of a lightning strike on an overhead cable.
4. To avoid interference problems within the ELC. Without noise suppression coils, any wire from the power circuit running parallel to a signal wire on the PCB, would induce short, sharp voltage spikes in this signal wire. This induced noise might cause the electronics to malfunction.
2.1.11 Protection Features
The protection features are meant mainly to protect user appliances against conditions that might destroy certain types of appliances. Different protection features enriched in the design are mentioned below.

2.1.11.1 Vref delayed Module
This module produces a delayed reference voltage XE "Vref, delayed"  to the - inputs of opamps used in the overspeed and undervoltage modules, making these go to `safe' state when power comes up. There are conflicting demands as to how much this signal should be delayed. As long as Vref, delayed has not approached its normal value, `overspeed' and `undervoltage' feature can not make the relay switch off. So to make these features work within a second after start-up, the capacitor should be charged relatively fast.
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Fig 11: Vref, delayed module

2.1.11.2. Overspeed XE "overspeed" 
As the name suggests it is a safe land against too high a frequency. This is dangerous for motor driven appliances, especially if the driven machinery requires much more power when driven too fast, e.g. fans or centrifugal pumps. It can occur if the ELC or dump loads fail and the turbine speeds up to run-away speed. Threshold voltage for this feature XE "overspeed"  is set from nominal speed as set by `frequency' trimmer up to 1.5 times this frequency. Time constant is 5.2 seconds. 
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Fig 12: Overspeed protection module

2.11.1.3. Overvoltage
This feature provides protection against too high generator voltage. This is dangerous for many types of appliances. Normally, this can only happen with a compound type generator when the ELC or dump loads fail. So then it is linked with overspeed. It might also happen with a generator with AVR if the AVR fails.
Overvoltage reacts to voltage as measured in ELC. If cables to user loads are long and thin, voltage drops in the cable could be rather large. Then overvoltage feature might trip while voltage at user loads could still be well below the threshold level.
2.1.11.4. Under-voltage
This feature protects the system against too low voltage. Then electrical motors might be unable to start and might overheat. Threshold voltage can be set from 105 to 215 V AC. For this feature XE "undervoltage" , there are two time constants in series of 5.2 s each. With a single time constant, output voltage would react immediately to a change in input voltage by decreasing or increasing towards this new input voltage. So with one time constant, this feature would still react rather fast to voltage dropping to way below the threshold level. Two time constants in series give an averaging effect in which the values of input voltage before a sudden change, count more strongly. So if generator voltage would drop to way below threshold level for a second or two and then return to normal, under-voltage feature will still not trip. This makes it possible to use heavy electrical motors that draw such a high starting current that generator voltage practically collapses for a few seconds.
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Fig 13: Overvoltage and under-voltage protection module

2.2 Computer Interfacing

The constant supervision of the working of the ELC is not possible. Hence, as an additional feature of our ELC, we have designed a system that keeps log of the working of the ELC. Block wave is taken as the input analog signal since the frequency of the block wave is the same as that of the output wave of the generator. The analog block wave signal then is converted to digital form before interfacing with the computer. Analog to digital converters are used to convert the analog signals to the digital data. The analog to digital converter is interfaced with the computer. The converted digital signal is given as the input to the parallel port of the computer. The digital data is processed with the use of computer software that is written in some high level language. The software displays the value in the display device, i.e. monitor. The software also had the provision for keeping log of the frequency and voltage generated by the generator. The values of the generated voltage and frequency are saved in the form of digital data. The stored data can be viewed any times later as required. The various blocks used in the interfacing are described in details in the subsequent paragraphs.
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Fig 14: Block Diagram for Computer interfacing
2.2.1 Analog to Digital Converter

An analog-to-digital converter (ADC) is an electronic integrated circuit, which converts continuous signals to discrete digital numbers. Typically, an ADC converts an input analog voltage (or current) to its corresponding digital equivalent. The digital output may be represented using different coding schemes, such as binary, Gray code or two's complement. 

The basic principle of operation is to use the comparator principle to determine whether or not to turn on a particular bit of the binary number output. It is typical for an ADC to use a digital-to-analog converter (DAC) to determine one of the inputs to the comparator. And by the combination of the bits the corresponding digital output is obtained. The accuracy and resolution of ADC is defined by the number of bits used. Use of greater number of bits provides greater number of quantization levels and thus giving higher resolution with greater accuracy. E.g. If ADC resolution is 12 bits then there are 212 = 4096 quantization levels.
There are different types of ADCs. Some of the most common ADC are Flash Type ADC, Successive Approximation Type ADC, ramp ADC, dual-ramp ADC, Sigma-delta ADC, R-2-R ladder type ADC etc.
2.2.1.1 Successive Approximation ADC

A successive-approximation ADC uses a comparator to reject ranges of voltages, eventually settling on a final voltage range. Successive approximation works by constantly comparing the input voltage to the output of an internal digital to analog converter (DAC, fed by the current value of the approximation) until the best approximation is achieved. At each step in this process, a binary value of the approximation is stored in a successive approximation register (SAR). The SAR uses a reference voltage (which is the largest signal the ADC is to convert) for comparisons.
The successive approximation ADC is much faster than the digital ramp ADC because it uses digital logic to converge on the value closest to the input voltage. A flowchart explaining the working is shown in the figure below.
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Fig 15: Block Diagram of 4-bit SAC with 1 volt step size
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Fig16: Flowchart explaining the working of Successive approximation ADC

For our project we will use successive approximation ADC for the analog to digital conversion. It comes as an integrated chip in the name of ADC0804.
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Fig 17:  ADC0804 with typical application schematic

2.2.2 PC’s Parallel Port

A parallel port is a type of interface found on computers (personal and otherwise) for connecting various peripherals. It is also known as a printer port or Centronics port. The parallel port is often used in Computer controlled robots, Atmel/PIC programmers, home automation, etc. Generally, parallel port connector is found in the rear panel of PC. It is a 25 pin female (DB25) connector (to which printer is connected).
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Fig 18: Pin Configuration of a parallel port.

The detailed pin configuration for a bidirectional parallel port is as described in the table 1.
The registers found in standard parallel port are,

      1) Data registers
      2) Status registers
      3) Control registers
As there names specifies, Data register is connected to Data lines, Control register is connected to control lines and Status register is connected to Status lines. The base address for LPT1 port is 0x378. The addresses of other registers can be calculated as:

Data register (base address + 0)

0x378


Status register (base address + 1)

0x379

Control register (base address + 2)

0x37a

For interfacing with the electronic circuit, the data pins can be used for input when the parallel port is bidirectional. But if the port is unidirectional, the data port cannot be used for input of data. In that case, we can input a maximum of 9 bits by making use of 5 input lines of the status port and 4 input lines of the control port.
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Fig 19: Pin configuration for providing input in unidirectional parallel port

With these entire configurations known to us, we can easily interface the ADC with the parallel port of the PC.

Table 1: Detailed pin configuration for a bidirectional parallel port
	Pin No (DB25)
	Signal name
	Direction
	Register - bit
	Inverted

	1
	nStrobe
	Out
	Control-0
	Yes

	2
	Data0
	In/out
	Data-0
	No

	3
	Data1
	In/out
	Data-1
	No

	4
	Data2
	In/out
	Data-2
	No

	5
	Data3
	In/out
	Data-3
	No

	6
	Data4
	In/out
	Data-4
	No

	7
	Data5
	In/out
	Data-5
	No

	8
	Data6
	In/out
	Data-6
	No

	9
	Data7
	In/out
	Data-7
	No

	10
	nAck
	In
	Status-6
	No

	11
	Busy
	In
	Status-7
	Yes

	12
	Paper-Out
	In
	Status-5
	No

	13
	Select
	In
	Status-4
	No

	14
	Linefeed
	Out
	Control-1
	Yes

	15
	nError
	In
	Ststus-3
	No

	16
	nInitialize
	Out
	Control-2
	No

	17
	nSelect-Printer
	Out
	Control-3
	Yes

	18-25
	Ground
	-
	-
	-


2.2.3 Software for analysis of data and display of results

After the input is fed to the PC via the parallel port, the next thing to be done is to read the data from the port, analyze it, display it and save the log in easily understandable format. For this we can use any of the high level language with capabilities to interface with the parallel port of the computer. As a security issue, the programs cannot use the port directly in Windows NT/ XP as we could do in Windows 98 and the earlier versions. Several dynamic link libraries built by third parties can be used access to the port under these platforms which will be discussed in next topic. Some of the easily available high level languages available are:

2.2.3.1 Java Programming Language

Java is an open source high level language. It has got free APIs to interact with the parallel port. Java provides freely distributed, well documented API for the port programming in the form of package named javax.comm. Java is an easy to use yet powerful language. The easy to use graphics programming in java add up to the beauty of this language. Hence Java can be a very good option to write the software for the analysis of data, display of results and the saving of logs.

A file parport.dll provides API to access the parallel port from Java. The process needs two more files: Userport.sys and Userport.exe to start the port. With these three files installed in our computer, we could access the parallel port through Java. 
2.2.4 Frequency Measuement

Frequency meter is a device that will measure the frequency of the input wave accurately. Here, the computer is used to measure the frequency and display the results. The output of the block wave is a square wave with maximum of 15V. It is compared with a threshold voltage of 7.5V using a comparator. The output of the comparator is scaled to maximum of 5V using the voltage divider circuit. The output is then fed to the computer via a single input pin of the parallel port. The input is then handled by the software that is written in Java programming language.

The softwares counts the number of zero to one transitions in an fixed interval of observation time. The count scaled to one second gives the accurate frequency of the generated voltage. Eg. If the observation time is taken 100ms and the number of zero to one transistion is 5 then the frequency can be calculated by scaling the count to 1 sec(1000ms) as:

f = (5/100)*1000 =50 Hz

The frequency is then displayed in the monitor via the software.

2.2.5 Voltage Measurement

As mentioned earlier, measurement and display of the generated voltage can also be done by the use of analog to digital converter and interfacing it to the computer. Step down transformer steps down the 220V AC mains to 18V. This voltage is scaled to maximum voltage of 8V using voltage divider circuits and fed to the analog to digital converter (ADC0804). The scaling is necessary because the maximum input to the ADC is 10V. 2V is left as error margin. Since our main concern is with frequency rather than voltage of the generator output, this feature remains as an optional feature in our project.

2.2.6 Data Logger

A data logger is any device that can be used to store data. Here PC itself is used as data logger. Using PC as a data logger has the following advantages:

· Abundant memory: Since PC itself is used as storage device, the capacity of data stored is limited only by the capacity of the hard disk. Easy to access: The data stored in PC is obviously easy to access.

· Analysis becomes easier: Various types of softwares can be used to analyse the previous data. We can even build analysing softwares according to our requirement.

Computer interfacing makes things easy but might not be feasible is some cases. Since most of the micro-hydro systems are located in village regions, computer operator might not be available there. If some problems occur in the computer itself, it can lead to yet another problem.
Simulation results using EWB and Proteus
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Fig 20: Reduced generator wave and block wave
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Fig 21: Inverted block wave
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Fig 22(a)
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Fig 22 (b)
Fig 22: Capacitor’s response to block wave
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Fig 23: Pulse train
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Fig 24: Sawtooth Signal
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Fig 25: Forbidden Trigger signal showing high at zero crossing
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Fig 26: Sawtooth signal and its average at the o/p of LPF
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Fig 27(a)

[image: image29.png]150 150

: :

Time (5)




Fig 27(b)
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Fig 27(c) Fig 27: Response of PI controller at (a) 48Hz (b) 50Hz (C) 52Hz
Chapter 4 PCB Design and Manufacture
This was the most challenging part of our project but finally we managed to implement the entire concept into realization of the real-time hardware. All the modules were implemented in the Printed Circuit Board (PCB). Entire modules are implemented in four PCBs. The constituent modules in four PCBs are as follows:

· DC Voltage Supplies and Reference Voltage Module, Voltage divider module, Sawtooth Module and Forbidden Triggering Zone module.
· PI Controller, Low Pass Filter (LPF) module and overload module

· Final Comparator module

· Protection Features

After the four above mentioned PCBs were manufactured, components were soldered in those PCBs and all were connected together to construct the final product. All this four modules can be implemented in a single PCB. 
1. Printed Circuit Board (PCB)

A printed circuit board, or PCB, is used to mechanically support and electrically connect electronic components using conductive pathways, or traces, etched from copper sheets laminated onto a non-conductive substrate. Conducting layers are typically made of thin copper foil. Different plastics, phenolic paper or glass fibre are generally used as insulating materials. Copper foil and insulating materials are typically laminated together with epoxy resin. The PCB may be single layered (single-sided) or double layered (two-sided).

In two-sided PCB, apart from the usual print tracks on copper side (the upper half), it also has print tracks for component side (the lower half). Making a two-sided PCB is a bit more difficult than a one-sided PCB. In single-sided, `long-distance’ print tracks on component side must be replaced by wire bridges. 
1. Design of PCB

The first step in the design of PCB is to design the component placement and the interconnection between the components. That has to be done manually. Effects of non-zero trace impedance and coupling of signals from one circuit to another through parasitic capacitances and radio transmission, as well as basic understanding of circuit operation has to be considered during the design of component layout and interconnection. The design is then realized using any of the PCB design softwares. The design in then printed in a tracing paper. Taking the reference of the print in paper, the design is finally printed in the PCB. We used ExpressPCB for the design. 

1. Some general features in the PCB design
1. Square islands XE "PCB:square islands"  on copper side: Here, measuring points XE "measuring point"  should be fitted. Then on component side, there is a label identifying this measuring point.

2. Diamond islands on copper side: These usually mean that this copper side island must be connected through to the component side island just above it. But not all diamond islands must be connected through.

3. Diamond islands on component side: Should only be connected through in some cases, see point 2b above. 

4. Rectangular strips on copper side. These are just spare space where future modifications could be built.

1. Manufacturing of PCB
The circuit boards are made by bonding a layer of copper over the entire substrate, sometimes on both sides, (creating a "blank PCB") then removing unwanted copper after applying a temporary mask (eg. by etching), leaving only the desired copper traces. 
There are three common "subtractive" methods (methods that remove copper) used for the production of printed circuit boards:

1) Silk screen printing uses etch-resistant inks to protect the copper foil. Subsequent etching removes the unwanted copper. Alternatively, the ink may be conductive, printed on a blank (non-conductive) board. The latter technique is also used in the manufacture of hybrid circuits.
2) Photoengraving uses a photomask and chemical etching to remove the copper foil from the substrate. The photomask is usually prepared with a photoplotter from data produced by a technician using CAM, or computer-aided manufacturing software. Laser-printed transparencies are typically employed for phototools; however, direct laser imaging techniques are being employed to replace phototools for high-resolution requirements.
3) PCB milling uses a two or three-axis mechanical milling system to mill away the copper foil from the substrate. A PCB milling machine (referred to as a 'PCB Prototyper') operates in a similar way to a plotter, receiving commands from the host software that control the position of the milling head in the x, y, and (if relevant) z axis. 
We have used the first method, i.e. Silk Screen Plating for the manufacture of our PCB.

1. Processes involved in manufacturing of PCB
The manufacturing of PCB is completed in the following processes:

· Silk screen printing is done by covering the copper foil by the use of etch-resistant inks. The region where the connection is required is covered by such ink during this process. The print in the tracing paper is taken as reference for this purpose.

· The PCB is then dried in the sun until the ink becomes dry.

· The holes, or vias, through a PCB are typically drilled with tiny drill bits made of solid tungsten carbide. Drill bits of appropriate diameter are used according to the component that is to be placed in the hole. We used drill bits of diameter 1mm and 1.5mm for our purpose.

· After drilling the holes, etching was done. The most commonly used circuit board etching chemical is Ferric chloride (FeCl3). Anhydrous FeCl3 is dissolved in water and the PCB is soaked in the solution for about 2 hours. The solution etches away Copper in the regions that is not covered by the protective ink. Finally a PCB is manufactured that contains necessary holes and circuit connections as required.

· It is then washed thoroughly to make sure that the entire chemical used in the etching process is washed away and does not corrode the remaining Copper afterwards.

After the PCB is manufactured, the next action is to place the components in the PCB by soldering. 

1. Problems Faced

Since the early phase of the project, we had been facing several problems which made our work a tough nut to crack. With help and suggestions from teachers, seniors and the web, we were able to tackle the problems.

· All the required components were not available in the local market. One of our team members went bought some of the components from Mumbai, India. Some other components were given by teachers and seniors.

· Sometimes circuits didn’t work as expected. This was most probably due to improper connection and the faulty components.

· Since we were novices at PCB design and manufacture, the ease of work simply could not be expected. With the help of seniors, we finally accomplished the task.

· In the late moments, project work was heavily inhibited by the load shedding.

Chapter 5 Conclusion
During the period we worked for this project, we got chance to familiarize ourselves with several things we’d have never known otherwise. The time we have spent till now in this project has given us a great practical knowledge about the electronics hardware and the computer interfacing stuffs that we have learnt a lot in theory. With the help of our supervisors, teachers and seniors and our own effort we have been able to work pretty successfully in this project.

Facing many problems and difficulties and finally coming up with the solutions, we completed our project. Though we had some problems in earlier stages of our project development, everything went well and fine and we achieved expected outcome in the end. 

We constructed several modules and tested the output individually. Finally we integrated all the modules and tested the final output. The final testing was done in the Power lab of Department of Electrical Engineering.

Though use of ELCs is existent in micro-hydro systems these days also, the present ELCs face different problems such as getting damaged very soon, inconsistent in performance and also the high cost. Damaged ELCs today are replaced instead of repairing. The selection of ELC in our final year project is to make an effort to mitigate the problems stated above. We have replaced thyristors by triac which makes our ELC more efficient as triacs are less prone to damage. Also the cost of our ELC is much lower as compared to the existing ELCs. All these things lead to the conclusion that, with some minor modifications, our ELC can be a good replacement to the existing ELCs.
5.1 Limitations 
We can’t claim our system to be a perfect one. It contains some limitations:

· Our system can be used only for micro-hydro systems of capacity upto 7KW.

· We have divided the entire circuit into four PBCs. Interconnection between those PCBs can bring about some problems and packaging becomes difficult. 
· Our ELC doesn’t provide features for grid connections and mini grid connection.

5.2 Future Enhancements

Following are the areas we can see for the enhancement of our system:

· Entire circuit can be assembled in a single PCB. This mitigates the problems that can arise in packaging and interconnection between four PCBs as that of present scenario.

· The power capacity of the ELC can be increased by adding comparators in final comparator module.
· The product can be given a professional look by packaging in a proper housing.
· It can be enhanced to microcontroller based ELC.
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Appendix

Cost Analysis
	S.N.
	Name of components
	Quantity
	Rate(Rs.)
	Total(Rs.)

	1
	Relay
	1
	150
	 150

	2
	LM317 T
	1
	30
	    30

	3
	Goot Iron
	2
	550
	1100

	4
	Pump
	1
	95
	    95

	5
	Etching board
	1
	250
	  250

	6
	BC337
	6
	10
	    60

	7
	LM324
	4
	25
	  100

	8
	L7815
	1
	20
	    20

	9
	BD139
	1
	10
	    10

	10
	Bridge Rectifier
	1
	25
	    25

	11
	14 pin IC socket
	4
	20
	    80

	12
	Thyristor(BRX49)
	2
	35
	    70

	13
	Transformer
	1
	300
	  300

	14
	Varister
	4
	40
	  160

	15
	D-25 Male jack
	1
	100
	  100

	16
	ADC0804(8-bit)
	1
	1
	  400

	17
	25 wire  cable
	
	
	  200

	18
	Capacitors
	
	
	  800

	19
	Resistors
	
	
	  200

	20
	Diodes
	
	
	  150

	21
	PCB
	
	
	  200 

	22
	Ferric Chloride
	
	
	  300

	22
	D-25 Male jack
	
	
	  100

	23
	Miscellaneous
	1
	 100
	 2500

	
	Total
	
	
	7300
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Fig 28:  DC Voltage Supplies and Reference Voltage, Voltage divider, Sawtooth and Forbidden Triggering Zone modules.
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Fig 29: Final Comparator 
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Fig 30: PI Controller, Low Pass Filter (LPF) module and overload module
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Fig 31: Protection Feature
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