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PREFACE
PHASE SEQUENCE DETECTION AND CONTROLLED POWER SUPPLY SYSTEM PROVIDE MAINLY USED TO DETECT THE PHASE SEQUENCE OF ANY MACHINE OR ANY OTHER ELECTRICAL EQUIPMENT WHICH WORKS ON THREE PGASE SUPPLY.
IN THIS SYSTEM THE EXTRA FEATURE WE INTRODUCED IS CONTROLLING OF SUPPLY VOLTAGE. WE CAN ALSO SAY THAT THE OVER VOLTAGE AND UNDER VOLTAGE PROTECTION IS ALSO INTRODUCED IN THIS SYSTEM.
AS WE KNOW THAT IN THREE PHASE SUPPLY THERE IS THREE PHASE   R   Y   B.  IT IS MANDATORY THAT THESE THREE PHASE ARE IN CURRECT ORDER, BECAUSE IF IT IS NOT IN CORRECT MANNER THAN THERE IS DAMAGE IN WINDINGS OF MACHINES.

MACHINE WHOSE PHASE SEQUENCE IS TO BE DETECT IS CONNECTED TO THE INPUT OF OUR SYSTEM, NOW IF THE PHASE SEQUENCE IS CORRECT THE ARRAY OF GREEN LED’S RING ARE GLOWING IN CLOCK WISE DIRECTION. WHEN THE SEQUENCE IS WRONG THAN THE ARRAY OF RED LED’S RING IS GLOWING IN ANTI CLOCK WISE DIRECTION.
IF THE VOLTAGE OF INPUT IS LESS THAN THE REQUIRED ONE, MEANS THAT WHEN UNDER VOLTAGE CONDITION COMES ON THAT TIME THE SYSTEM IS AMPLIFY THE INPUT VOLTAGE AND COMES IT TO THE NORMAL VOLTAGE RANGE. THAN THE PHASE SEQUENCE DETECTION IS STARTS.  
IF THE INPUT VOLTAGE IS MUCH OVER THAN THE REQUIRED RANGE, MEANS THAT WHEN OVER VOLTAGE CONDITION COME ON THAT TIME SYSTEM TRIP THE CKT. MEANS THAT CUT OUT THE SUPPLY BY THE USE OF RELAY, AND WE PROTECT OUR EQUIPMENTS. 

SO OUR MAIN AIM IS TO PROVIDE A SIMPLER AND EFFICIENT SYSTEM WHICH GIVES A BETTER PHASE SEQUENCE DETECTION, IN COMPARISION OF CONVENTIONAL LAMP METHOD AND SYNCHRONOSCOPE METHOD.

THE BEST USE OF THIS SYSTEM IN SUB-STATION, WHERE AFTER MENTENANCE OF M/C IT IS VERY DIFFICULT TO CONNECT THE RIGHT PHASE R Y B. SO AT THAT PLACE WE EASILY USED THIS SYSTEM.
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PHASE SEQUENCE DETECTION

AND

CONTROLLED POWER SUPPLY

SYSTEM
INTRODUCTION

&

APPLICATION
Phase sequence detection system has been specifically designed keeping in mind an essential point of detection of correct phase and protection of equipments by over voltage.




Basically it is useful to connect the any m/c to supply. Because if the phase is not correct and connection establishes than it may be damage and burn out the winding of machine.

This phase sequence detection and controlled power supply system is basically divided into two parts:-

1. Phase Sequence

2. Protection from supply voltage

i. Under Voltage Protection

ii. Over Voltage Protection 


[image: image2]
APPLICATION:-

1. For giving a controlled power supply, because it can    

    amplify the voltage if the I/P voltage is less than the     

    desired range & cut out the input supply when the 
    I/P voltage is much higher than the desired range, and    

    protect our equipments.
2. Can be used in Sub-Stations, after maintenances of

        machines.
3. Can be used in detection of phase sequence R  Y  B.
CIRCUIT DIAGRAM

OF THE PROJECT

[image: image3]
TECHNICAL DESCRIPTION

&

WORKING OF PROJECT

In this project main components are IC4013 which consists a dual D- flip flop; IC4017 is basically a decade counter which is used to run the LED’S in a proper sequence.
Now firstly the output of any three phase m/c is fed to the input of this system. Now in the circuit there be a arrangement of two transistor T5 and T6. The out put of the transistor is fed into the IC4013.This IC is basically a dual D-flip flop. The property of D- flip flop is- The output is same as the input, means that if input is 1 than, output is also 1.
A mains phase-sequence indicator serves as a hand-tool in checking electrical wiring, especially the wiring of three-phase AC motors. The basic idea of the circuit is that when any (say, Y) of the three phases (RYB), taken as a reference phase, is at negative-going zero voltage, its leading phase (say, R) is positive while its lagging phase (B) is negative, and these states can be easily verified. The circuit comprises two main parts. 
The first part comprises transistorized multivibrator, decade counter-cum-LED driver, and LED arrays arranged in a specified fashion, as shown in the figure. The second part comprises the phase-sequence detector followed by phase-sequence sensor operated flip-flop and LED switching transistors. The astable multivibrator section provides clock pulses in the 10 to 1000Hz range to the decade counter and the 
LED array section. The LEDs are grouped into two parts to form two distinctive indicators. These two groups are successively driven by Q0 to Q4 and Q5 to Q9 outputs of IC1. Only one of the two groups’ LEDs will turn on sequentially, depending on which of the two transistors (transistor T3 or transistor T4) is on, which, in turn, is dependent upon the phase sequence of the three-phase supply. This becomes clear from the following explanation of the second part of the circuit.

The three phase R Y B are brought to an artificial neutral at the junctions of resistors R17 through R19 to serve as the common reference. As stated earlier, for a given phase sequence, when phase R is at its negative-going zero, phase B is negative. So data-input pin 5 of the flip-flops logic ‘high’ (due to non-conduction of transistor T5). Meanwhile, clock input pin 3 of the FF goes from low to high due to phase R. 
The ‘high’ at data pin appears the Q output(pin 1) while Q output remains ‘low’ as long as the phase sequence is clockwise. Therefore the Q output drives transistor T3 to extend the ground path for green LED’S D1 through D10 to show a clockwise-rotating LED ring. When any of the two phase is interchanged (say, after a maintenance work at the power house or repair/ replacement of a three phase transformer), the conditions are reversed, and Q become ‘high’ and red LED’S D11 through D20 are switched on(Sequentially) by transistor t4 to show an anticlockwise-rotating ring.
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While testing for the phase sequence, there is no need to keep the device on for long time. A push-to-on read switch
can be used during the phase-sequence testing. If the device is to be used for long periods, use a high capacity battery in place of battery. Also replace 2W resistors to R17 to R19 with fusible-type resistors.

The frequency of the astable multivibrator is unimportant, except that the speed of the LED ring must be easily visible. Zener diodes ZD1 and ZD2 are used for protection of transistor T5 and T6 respectively. For the protection from supply voltage (under voltage and over voltage protection) we use 0.5 KVA transformers for each phase and relay. These transformer and relay are mainly responsible for the protection from over/ under voltage protection.
AC phase:-
Things start to get complicated when we need to relate two or more AC voltages or currents that are out of step with each other. By “out of step,” I mean that the two waveforms are not synchronized: that their peaks and zero points do not match up at the same points in time. The graph in figure below illustrates an example of this. 

[image: image5.png]



Out of phase waveforms
The two waves shown above (A versus B) are of the same amplitude and frequency, but they are out of step with each other. In technical terms, this is called a phase shift. Earlier we saw how we could plot a “sine wave” by calculating the trigonometric sine function for angles ranging from 0 to 360 degrees, a full circle. The starting point of a sine wave was zero amplitude at zero degrees, progressing to full positive amplitude at 90 degrees, zero at 180 degrees, full negative at 270 degrees, and back to the starting point of zero at 360 degrees. We can use this angle scale along the horizontal axis of our waveform plot to express just how far out of step one wave is with another: Figure below 
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Wave A leads wave B by 45o
The shift between these two waveforms is about 45 degrees, the “A” wave being ahead of the “B” wave. A sampling of different phase given in the following graphs to better illustrate this concept.
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Examples of phase shifts.
Because the waveforms in the above examples are at the same frequency, they will be out of step by the same angular amount at every point in time. For this reason, we can express phase shift for two or more waveforms of the same frequency as a constant quantity for the entire wave, and not just an expression of shift between any two particular points along the waves. That is, it is safe to say something like, “voltage 'A' is 45 degrees out of phase with voltage 'B'.” Whichever waveform is ahead in its evolution is said to be leading and the one behind is said to be lagging. 

Phase shift, like voltage, is always a measurement relative between two things. There's really no such thing as a waveform with an absolute phase measurement because there's no known universal reference for phase. Typically in the analysis of AC circuits, the voltage waveform of the power supply is used as a reference for phase, that voltage stated as “xxx volts at 0 degrees.” Any other AC voltage or current in that circuit will have its phase shift expressed in terms relative to that source voltage. 

This is what makes AC circuit calculations more complicated than DC. When applying Ohm's Law and Kirchhoff's Laws, quantities of AC voltage and current must reflect phase shift as well as amplitude. Mathematical operations of addition, subtraction, multiplication, and division must operate on these quantities of phase shift as well as amplitude. Fortunately, there is a mathematical system of quantities called complex numbers ideally suited for this task of representing amplitude and phase. 

Because the subject of complex numbers is so essential to the understanding of AC circuits, the next chapter will be devoted to that subject alone. 

REVIEW: 
· Phase shift is where two or more waveforms are out of    step with each other. 
· The amount of phase shift between two waves can be expressed in terms of degrees, as defined by the degree units on the horizontal axis of the waveform graph used in plotting the trigonometric sine function. 

· A leading waveform is defined as one waveform that is ahead of another in its evolution. A lagging waveform is one that is behind another. Example: 
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Calculations for AC circuit analysis must take into consideration both amplitude and phase shift of voltage and current waveforms to be completely accurate. This requires the use of a mathematical system called complex numbers.
PHASE ROTATION:-

The phase angle shift of 120o is a function of the actual rotational angle shift of the three pairs of windings (Figure below). If the magnet is rotating clockwise, winding 3 will generate its peak instantaneous voltage exactly 120o (of alternator shaft rotation) after winding 2, which will hits its peak 120o after winding 1. The magnet passes by each pole pair at different positions in the rotational movement of the shaft. Where we decide to place the windings will dictate the amount of phase shift between the windings' AC voltage waveforms. If we make winding 1 our “reference” voltage source for phase angle (0o), then winding 2 will have a phase angle of -120o (120o lagging, or 240o leading) and winding 3 an angle of -240o (or 120o leading). 

This sequence of phase shifts has a definite order. For clockwise rotation of the shaft, the order is 1-2-3 (winding 1 peaks first, them winding 2, then winding 3). This order keeps repeating itself as long as we continue to rotate the alternator's shaft. (Figure below) 
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Clockwise rotation phase sequence: 1-2-3.
However, if we reverse the rotation of the alternator's shaft (turn it counter-clockwise), the magnet will pass by the pole pairs in the opposite sequence. Instead of 1-2-3, we'll have 3-2-1. Now, winding 2's waveform will be leading 120o ahead of 1 instead of lagging, and 3 will be another 120o ahead of 2. (Figure below) 
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Counterclockwise rotation phase sequence: 3-2-1.
The order of voltage waveform sequences in a polyphase system is called phase rotation or phase sequence. If we're using a polyphase voltage source to power resistive loads, phase rotation will make no difference at all. Whether 1-2-3 or 3-2-1, the voltage and current magnitudes will all be the same. There are some applications of three-phase power, as we will see shortly, that depend on having phase rotation being one way or the other. Since voltmeters and ammeters would be useless in telling us what the phase rotation of an operating power system is, we need to have some other kind of instrument capable of doing the job. 

ASTABLE MULTIVIBRATOR:-


In the phase sequence and controlled power supply system we use astable multivibrator system, which is used to provide a clock pulse to the pin of the IC 4017. The frequency of the astable multivibrator is unimportant, except that the speed of the LED ring must be visible. If the frequency is high the LED array ring is glowing too fast that we can not find that whether the LED is glowing or not. So the astable multivibrator is very important to slow down the speed of glowing LED array, so that we can easily see the pattern that in what manner the LED is glowing whether in clock wise or in anti clock wise. If the clock wise rotation means that phase are in correct sequence otherwise LED rotate in anti clock wise means that phase are in wrong order.
DECADE COUNTER:-

Pin connections
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	The 4017 decade counter has ten outputs
which go HIGH in sequence.


The count advances as the clock input becomes high (on the rising-edge). Each output Q0-Q9 goes high in turn as counting advances. For some functions (such as flash sequences) outputs may be combined using diodes. 

The reset input should be low (0V) for normal operation (counting 0-9). When high it resets the count to zero (Q0 high). This can be done manually with a switch between reset and +Vs and a 10k resistor between reset and 0V. Counting to less than 9 is achieved by connecting the relevant output (Q0-Q9) to reset, for example to count 0,1,2,3 connect Q4 to reset. 

The disable input should be low (0V) for normal operation. When high it disables counting so that clock pulses are ignored and the count is kept constant. 

The ÷10 output is high for counts 0-4 and low for 5-9, so it provides an output at 1/10 of the clock frequency. It can be used to drive the clock input of another 4017 (to count the tens). 

The 4017 has 10 separate outputs which go HIGH in sequence, as shown below:
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Just one of the individual outputs is HIGH at a time. This is quite different from the behavior of a BCD counter like the 4510 in which is the combination of 0's and 1's which represents the count.

As you can see, the ÷10 output is HIGH for counts 0-4 and LOW for counts 5-9.

The 4017 is an extremely useful device for project work and is used in the Games Timer and in various DOCTRONICS construction kits including the Light Chaser and the Matrix Die. When you are familiar with the 4017, you will be able to think of lots of useful applications.

Internally, the 4017 contains five bistable subunits. These are interconnected in a pattern known as a Johnson counter. The outputs of the bistable are decoded to give the ten individual outputs.

Basic operation
Here is the complete circuit diagram for a 4017 test circuit:
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You should assemble the prototype board in stages, checking that each stage is working properly before proceeding the to the next stage. To see the 4017 in action, you need to build an astable. The easiest way to do this is using a 4093 Schmitt trigger NAND gate integrated circuit. 

PHASE SEQUENCE DETECTOR:-

In the phase sequence and controlled power supply system the detection of phase is occurs by the use of the transistor T5 and T6. When the three phase connection is applied to the input of the system, if we take Y as a reference phase than another two phase R and B are certainly one is in positive and another is negative with respect to Y phase. We provide a artificial neutral at the junctions of resistors R17 through R19 to serve as a common reference. The combination of transistor T5 and T6 are identifying the condition and give command to the IC4013. As we know that the necessary condition of phase sequence is that: - they having a same terminal voltage, the frequency must be same.
A main phase-sequence indicator serves as a hand tool in checking electrical wiring, specially the wiring of the three phase AC motors. The basic idea of the circuit is that when any (say Y) of the three phases (RYB), taken as a reference phase, is at –ve going zero voltage, its leading phase (say R) is +ve while its lagging phase is –ve, and these states can be easily verified. The circuit comprises two main parts. The first part comprises transistorized multivibrator, decade counter cum LED driver, and LED arrays arranged in a specified manner. 


[image: image14]
BLOCK DIAGRAM OF PHASE SEQUENCE DETECTION
IC 4013:-
A monolithic integrated circuit (also known as IC, microcircuit, microchip, silicon chip, or chip) is a miniaturized electronic circuit (consisting mainly of semiconductor devices, as well as passive components) that has been manufactured in the surface of a thin substrate of semiconductor material.

A hybrid integrated circuit is a miniaturized electronic circuit constructed of individual semiconductor devices, as well as passive components, bonded to a substrate or circuit board. Integrated circuits were made possible by experimental discoveries which showed that semiconductor devices could perform the functions of vacuum tubes, and by mid-20th-century technology advancements in semiconductor device fabrication. The integration of large numbers of tiny transistors into a small chip was an enormous improvement over the manual assembly of circuits using discrete electronic components. The integrated circuit's mass production capability, reliability, and building-block approach to circuit design ensured the rapid adoption of standardized ICs in place of designs using discrete transistors.

There are two main advantages of ICs over discrete circuits: cost and performance. Cost is low because the chips, with all their components, are printed as a unit by photolithography and not constructed a transistor at a time. Performance is high since the components switch quickly and consume little power, because the components are small and close together. As of 2006, chip areas range from a few square mm to around 350 mm2, with up to 1 million transistors per mm2.
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A D-type flip-flop, also called a D-type bistable, is a subsystem with two stable states. Using appropriate input signals, you can trigger the flip-flop from one state to the other. 

The diagram below shows the input and output connections of a single D-type bistable:
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The D-type has four inputs. These are: 

· DATA input: This is connected either to a LOW voltage, logic 0, or to a HIGH voltage, logic 1.

· CLOCK input: The triangle, [image: image17.png]


, next to the CLOCK input shows that it is edge-triggered, that is, it responds to sudden changes in voltage, but not to slow changes or to steady logic levels. The CLOCK input of the 4013 D-type bistable is rising-edge triggered, meaning that it responds only to a sudden change from LOW to HIGH.
Usually, the CLOCK input is connected to a subsystem which delivers pulses. To test the 4013, you will need to build an astable.
· SET input: The SET input is normally held LOW. When it is pulsed HIGH, the outputs of the bistable are forced immediately to the SET state, [image: image18.png]


, [image: image19.png]


.

· RESET input: The RESET input is normally held LOW. When it is pulsed HIGH, the outputs of the bistable are forced immediately to the RESET state, [image: image20.png]


, [image: image21.png]



The D-input of the first D-type is held HIGH. When the first digit of the combination is pressed, output [image: image22.png]


goes HIGH. If the second digit is the next key pressed, the second D-type will be SET and so on. Pressing any of the unselected keys gives a HIGH at the RESET inputs of all four bistable, and all the [image: image23.png]


outputs revert to LOW.

Once the four digits of the code have been entered in the correct sequence, the lock output goes HIGH and will remain HIGH until an unselected key is pressed. The system could be extended to provide an automatic RESET after a delay. 

ZENER DIODE:-


If we connect a diode and resistor in series with a DC voltage source so that the diode is forward-biased, the voltage drop across the diode will remain fairly constant over a wide range of power supply voltages.

According to the “diode equation”, the current through a forward-biased PN junction is proportional to e raised to the power of the forward voltage drop. Because this is an exponential function, current rises quite rapidly for modest increases in voltage drop. Another way of considering this is to say that voltage dropped across a forward-biased diode changes little for large variations in diode current. In the circuit shown above, diode current is limited by the voltage of the power supply, the series resistor, and the diode's voltage drop, which as we know doesn't vary much from 0.7 volts. If the power supply voltage were to be increased, the resistor's voltage drop would increase almost the same amount, and the diode's voltage drop just a little. Conversely, a decrease in power supply voltage would result in an almost equal decrease in resistor voltage drop, with just a little decrease in diode voltage drop. In a word, we could summarize this behavior by saying that the diode is regulating the voltage drop at approximately 0.7 volts. 

Voltage regulation is a useful diode property to exploit. Suppose we were building some kind of circuit which could not tolerate variations in power supply voltage, but needed to be powered by a chemical battery, whose voltage changes over its lifetime. We could form a circuit as shown and connect the circuit requiring steady voltage across the diode, where it would receive an unchanging 0.7 volts. 

This would certainly work, but most practical circuits of any kind require a power supply voltage in excess of 0.7 volts to properly function. One way we could increase our voltage regulation point would be to connect multiple diodes in series, so that their individual forward voltage drops of 0.7 volts each would add to create a larger total. For instance, if we had ten diodes in series, the regulated voltage would be ten times 0.7, or 7 volts [image: image24.png]Zener diode
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the diode is reverse-biased, and intentionally so. If we had oriented the diode in the “normal” way, so as to be forward-biased, it would only drop 0.7 volts, just like a regular rectifying diode. If we want to exploit this diode's reverse breakdown properties, we must operate it in its reverse-bias mode. So long as the power supply voltage remains above the zener voltage (12.6 volts, in this example), the voltage dropped across the zener diode will remain at approximately 12.6 volts. 

Like any semiconductor device, the zener diode is sensitive to temperature. Excessive temperature will destroy a zener diode, and because it both drops voltage and conducts current, it produces its own heat in accordance with Joule's Law (P=IE). Therefore, one must be careful to design the regulator circuit in such a way that the diode's power dissipation rating is not exceeded. Interestingly enough, when zener diodes fail due to excessive power dissipation, they usually fail shorted rather than open. A diode failed in this manner is readily detected: it drops almost zero voltage when biased either way, like a piece of wire. 

REVIEW: 

· Zener diodes are designed to be operated in reverse-bias        mode, providing a relatively low, stable breakdown, or    zener voltage at which they being to conduct substantial reverse current. 

· A zener diode may function as a voltage regulator by acting as an accessory load,      drawing more current from the source if the voltage is too high, and less if it is too low. 

LED  (LIGHT EMITTING DIODE):-


light-emitting diode, usually called an LED, is a semiconductor diode that emits incoherent narrow-spectrum light when electrically biased in the forward direction of the p-n junction, as in the common LED circuit. This effect is a form of electroluminescence.

An LED is usually a small area light source, often with optics added to the chip to shape its radiation pattern. LEDs are often used as small indicator lights on electronic devices and increasingly in higher power applications such as flashlights and area lighting. The color of the emitted light depends on the composition and condition of the semiconducting material used, and can be infrared, visible, or ultraviolet. LEDs can also be used as a regular household light source. Besides lighting, interesting applications include sterilization of water and disinfection of devices. 

Blue, green, and red LEDs; these can be combined to produce any color, including white. Infrared and ultraviolet (UVA) LEDs are also available.

[image: image1.emf]
There are two types of LED panels: conventional, using discrete LEDs, and surface mounted device (SMD) panels. Most outdoor screens and some indoor screens are built around discrete LEDs, also known as individually mounted LEDs. A cluster of red, green, and blue diodes is driven together to form a full-color pixel, usually square in shape. These pixels are spaced evenly apart and are measured from center to center for absolute pixel resolution. 

Blue LEDs are based on the wide band gap semiconductors GaN (gallium nitride) and InGaN (indium gallium nitride). They can be added to existing red and green LEDs to produce the impression of white light, though white LEDs today rarely use this principle.

Most typical LEDs are designed to operate with no more than 30–60 milliwatts (mW) of electrical power. Around 1999, Philips Lumileds introduced power LEDs capable of continuous use at one watt (W). These LEDs used much larger semiconductor die sizes to handle the large power inputs. Also, the semiconductor dies were mounted onto metal slugs to allow for heat removal from the LED die.



   LED schematic symbol
ADVANTAGE OF USING LED’S:-

· LEDs produce more light per watt than incandescent bulbs; this is useful in battery powered or energy-saving devices. 

· LEDs can emit light of an intended color without the use of color filters that traditional lighting methods require. This is more efficient and can lower initial costs. 

· The solid package of the LED can be designed to focus its light. Incandescent and fluorescent sources often require an external reflector to collect light and direct it in a usable manner. 

· When used in applications where dimming is required, LEDs do not change their color tint as the current passing through them is lowered, unlike incandescent lamps, which turn yellow. 

· LEDs are ideal for use in applications that are subject to frequent on-off cycling, unlike fluorescent lamps that burn out more quickly when cycled frequently, or HID lamps that require a long time before restarting. 

· LEDs, being solid state components, are difficult to damage with external shock. Fluorescent and incandescent bulbs are easily broken if dropped on the ground. 

· LEDs can have a relatively long useful life. One report estimates 35,000 to 50,000 hours of useful life, though time to complete failure may be longer. Fluorescent tubes typically are rated at about 30,000 hours, and incandescent light bulbs at 1,000–2,000 hours. 

· LEDs mostly fail by dimming over time, rather than the abrupt burn-out of incandescent bulbs. 
OVER  VOLTAGE  PROTECTION:-

It is the one of very important parameter to control the voltage supply of any three phase system. Occurrence of over voltage can have very dangerous and adverse effect on the equipments connected to the three phase system so it is required to provide over voltage protection to the supply system.

The over voltage protection is one of the very important aspect of our project which can be provided by using two units which can be listed as follows:

1. Over voltage sensing device:



 It senses the occurrence of over voltage in the supply system.

2. Tripping unit: 



It receives the signal from the sensing device in case of 
occurrence of over voltage and cuts off the further supply.
UNDER VOLTAGE PROTECTION:-


Occurrence of under voltage can have very dangerous and adverse effect on the equipments connected to the three phase system so it is required to provide under voltage protection to the supply system.


The under voltage protection is one of the very important aspect of our project which can be provided by using two units which can be listed as follows:
1. Under voltage sensing device:


 It senses the occurrence of over voltage in the supply 

system.
2. Tripping unit: 


It receives the signal from the sensing device in case of 
occurrence of under voltage and cuts off the further supply.

CONTROLLED VOLTAGE BLOCK:-


The voltage controlling is one of the very important parameter so controlling of voltage between certain ranges is required. The voltage controlling block performs this required operation mentioned above. In voltage controlling we restrict voltage between the required ranges which is known as optimum voltage range. For controlling voltage we decides minimum controlling parameter (i.e. minimum voltage 190 volts) and maximum controlling parameter (i.e. max. voltage 230 volts) and tries to keep the voltage between these two parameters. 

[image: image26]BLOCK DIAGRAM OF CONTROLLED POWER SUPPLY
COMPONENT DESCRIPTION

Conventional circuits consist of separate electronics components connected by wires and fastened to a base. In most cases, manufacturers attach the component to a printed circuit board, a thin piece of plastic or other insulating material upon which copper ‘wires’ are printed by a chemical process at the time of manufacture. In a calculator, all the electronic part of the main circuit are connected on a printed circuit board.
LIST OF COMPONENTS:-
IC4017…………….1

IC4013…………….1

Zener diode………..2
Relay………………1

Transistor BC109………..6

LED……………………...20
Battery 6V-12V………….1

Push-on-switch…………..1

Variable Resistance……...1

Resistance……………….22

Different values of resistances are:-

1K, 1.5K, 8.2K, 10K, 22K, 56K, 82K, 390K, 

Different values of capacitances are:-

1 micro, 470 micro farad.

LED are from D1-D20

PRECAUTIONS WHILE ASSEMBLING THE PROJECT
·   Check all the components as per the circuit specification.

·   IC4017 and IC4013 should be mounted on IC base.  
·   Proper attention to be paid to the collector, base, emitter of   

    BC109 before mounting.

· Take care in wiring the circuit to avoid loose connection.

· Used relay of higher rating with good contacts to handle heavy

    loads like Air Conditioner.

· Before soldering the transistor check its base, emitter and 

    collector by multimeter.

· IC should not be soldered directly on the PCB because parts 
    can be damaged due to leakage of electric current from the    

    soldering iron.
· Take care that the tracks are not short circuited while on

      soldering.

· The connection of LED’S should be tight, and are in proper 

      sequence.

· All the work on printed circuited board do carefully.

TRANSFORMER
Transformer is a device that transfers electrical energy from one circuit to another through inductively coupled electrical conductors. A changing current in the first circuit (the primary) creates a changing magnetic field; in turn, this magnetic field induces a changing voltage in the second circuit (the secondary). By adding a load to the secondary circuit, one can make current flow in the transformer, thus transferring energy from one circuit to the other.

The secondary induced voltage VS, of an ideal transformer, is scaled from the primary VP by a factor equal to the ratio of the number of turns of wire in their respective windings:

By appropriate selection of the numbers of turns, a transformer thus allows an alternating voltage to be stepped up — by making NS more than NP — or stepped down, by making it less.

Transformers are some of the most efficient electrical 'machines', with some large units able to transfer 99.75% of their input power to their output. 

The transformer is based on two principles: firstly that an electric current can produce a magnetic field (electromagnetism) and secondly that a changing magnetic field within a coil of wire induces a voltage across the ends of the coil (electromagnetic induction). By changing the current in the primary coil, it changes the strength of its magnetic field; since the changing magnetic field extends into the secondary coil, a voltage is induced across the secondary. The simplified description above neglects several complicating factors, in particular the primary current required to establish a magnetic field in the core, and the contribution to the field due to current in the secondary circuit.

Models of an ideal transformer typically assume a core of negligible reluctance with two windings of zero resistance. When a voltage is applied to the primary winding, a small current flows, driving flux around the magnetic circuit of the core. 
The changing magnetic field induces an electromotive force (EMF) across each winding. Since the ideal windings have no impedance, they have no associated voltage drop, and so the voltages VP and VS measured at the terminals of the transformer, are equal to the corresponding EMFs. The primary EMF, acting as it does in opposition to the primary voltage, is sometimes termed the "back EMF". This is due to Lenz's law which states that the induction of EMF would always be such that it will oppose development of any such change in magnetic field.

Autotransformer:- 

An autotransformer has only a single winding with two end terminals, plus a third at an intermediate tap point. The primary voltage is applied across two of the terminals, and the secondary voltage taken from one of these and the third terminal. The primary and secondary circuits therefore have a number of windings turns in common. Since the volts-per-turn is the same in both windings, each develops a voltage in proportion to its number of turns. By exposing part of the winding coils and making the secondary connection through a sliding brush, an autotransformer with a near-continuously variable turns ratio is obtained, allowing for very fine control of voltage.
Energy losses:-
An ideal transformer would have no energy losses, and would therefore be 100% efficient. In practical transformers energy is dissipated in the windings, core, and surrounding structures. Larger transformers are generally more efficient, and those rated for electricity distribution usually perform better than 98%.

Experimental transformers using superconducting windings achieving efficiencies of 99.85%, While the increase in efficiency is small, when applied to large heavily-loaded transformers the annual savings in energy losses is significant.

A small transformer, such as a plug-in "power brick" used for low-power consumer electronics, may be no more than 85% efficient; although individual power loss is small, the aggregate losses from the very large number of such devices is coming under increased scrutiny. 

The losses vary with load current, and may be expressed as "no-load" or "full-load" loss. Winding resistance dominates load losses, whereas hysteresis and eddy currents losses contribute to over 99% of the no-load loss. The no-load loss can be significant, meaning that even an idle transformer constitutes a drain on an electrical supply, which encourages development of low-loss transformers (also see energy efficient transformer). 

For three-phase supplies, a bank of three individual single-phase transformers can be used, or all three phases can be incorporated as a single three-phase transformer. In this case, the magnetic circuits are connected together, the core thus containing a three-phase flow of flux. A number of winding configurations are possible, giving rise to different attributes and phase shifts. One particular polyphase configuration is the zigzag transformer, used for grounding and in the suppression of harmonic currents. 
RELAY
A relay is an electrical switch that opens and closes under the control of another electrical circuit. In the original form, the switch is operated by an electromagnet to open or close one or many sets of contacts. It was invented by Joseph Henry in 1835. Because a relay is able to control an output circuit of higher power than the input circuit, it can be considered to be, in a broad sense, a form of an electrical amplifier. 
When a current flows through the coil, the resulting magnetic field attracts an armature that is mechanically linked to a moving contact. The movement either makes or breaks a connection with a fixed contact. When the current to the coil is switched off, the armature is returned by a force approximately half as strong as the magnetic force to its relaxed position. Usually this is a spring, but gravity is also used commonly in industrial motor starters. Most relays are manufactured to operate quickly. In a low voltage application, this is to reduce noise. In a high voltage or high current application, this is to reduce arcing.

If the coil is energized with DC, a diode is frequently installed across the coil, to dissipate the energy from the collapsing magnetic field at deactivation, which would otherwise generate a spike of voltage and might cause damage to circuit components. Some automotive relays already include that diode inside the relay case. Alternatively a contact protection network, consisting of a capacitor and resistor in series, may absorb the surge. If the coil is designed to be energized with AC, a small copper ring can be crimped to the end of the solenoid.  
Overload protection relay:-
One type of electric motor overload protection relay is operated by a heating element in series with the electric motor . The heat generated by the motor current operates a bi-metal strip or melts solder, releasing a spring to operate contacts. Where the overload relay is exposed to the same environment as the motor, a useful though crude compensation for motor ambient temperature is provided.
Overcurrent relay:-
An "Overcurrent Relay" is a type of protective relay which operates when the load current exceeds a preset value. The ANSI Device Designation Number is 50 for an Instantaneous OverCurrent (IOC), 51 for a Time OverCurrent (TOC). In a typical application the overcurrent relay is used for overcurrent protection, connected to a current transformer and calibrated to operate at or above a specific current level. When the relay operates, one or more contacts will operate and energize a trip coil in a Circuit Breaker and trip (open) the Circuit Breaker.
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        RELAY

APPLICATION:-

· to control a high-voltage circuit with a low-voltage signal, as in some types of modems. 

· to control a high-current circuit with a low-current signal, as in the starter solenoid of an automobile. 

· to detect and isolate faults on transmission and distribution lines by opening and closing circuit breakers.

· to isolate the controlling circuit from the controlled circuit when the two are at different potentials. 

· to perform logic functions. For example, the boolean AND function is realised by connecting NO relay contacts in series, the OR function by connecting NO contacts in parallel. 
· Rating of contacts - small relays switch a few amperes, large contactors are rated for up to 3000 amperes, alternating or direct current

· Voltage rating of contacts - typical control relays rated 300 VAC or 600 VAC, automotive types to 50 VDC, special high-voltage relays to about 15,000 V 

· Coil voltage - machine-tool relays usually 24 VAC or 120 VAC, relays for switchgear may have 125 V or 250 VDC coils, "sensitive" relays operate on a few milliamperes 

· Switching time - where high speed is required. 

CAPACITOR
The capacitor's function is to store electricity, or electrical energy. The capacitor also functions as a filter, passing alternating current (AC), and blocking direct current (DC). This symbol [image: image27.png]


is used to indicate a capacitor in a circuit diagram. The capacitor is constructed with two electrode plates facing each other, but separated by an insulator. When DC voltage is applied to the capacitor, an electric charge is stored on each electrode. While the capacitor is charging up, current flows. The current will stop flowing when the capacitor has fully charged.

The value of a capacitor (the capacitance), is designated in units called the Farad (F). The capacitance of a capacitor is generally very small, so units such as the microfarad (10-6F), nanofarad (10-9F), and Pico farad (10-12F) are used. The capacitor has an insulator (the dielectric) between 2 sheets of electrodes. Different kinds of capacitors use different materials for the dielectric.
Electrolytic Capacitors (Electrochemical type capacitors):-

Aluminum is used for the electrodes by using a thin oxidization membrane. Large values of capacitance can be obtained in comparison with the size of the capacitor, because the dielectric used is very thin. The most important characteristic of electrolytic capacitors is that they have polarity. They have a positive and a negative electrode. [Polarized] This means that it is very important which way round they are connected. If the capacitor is subjected to voltage exceeding its working voltage, or if it is connected with incorrect polarity, it may burst. It is extremely dangerous, because it can quite literally explode. Generally, in the circuit diagram, the positive side is indicated by a 
"+" (plus) symbol. Electrolytic capacitors range in value from about 1µF to thousands of µF.

Mainly this type of capacitor is used as a ripple filter in a power supply circuit, or as a filter to bypass low frequency signals, etc
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Variable capacitor:-

Variable capacitors are used for adjustment etc. of frequency mainly.
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On the left in the photograph is a "trimmer," which uses ceramic as the dielectric. Next to it on the right is one that uses polyester film for the dielectric. The pictured components are meant to be mounted on a printed circuit board. When adjusting the value of a variable capacitor, it is advisable to be careful.
One of the component's leads is connected to the adjustment screw of the capacitor. 
This means that the value of the capacitor can be affected by the capacitance of the screwdriver in your hand. It is better to use a special screwdriver to adjust these components.

Pictured in the upper left photograph are variable capacitors with the following specifications (according to its colour):-

Capacitance: 20pF (3pF - 27pF measured) [Thickness 6 mm, height 4.8 mm] their are different colors, as well. 
Blue:    7pF (2 - 9)

white:   10pF (3 - 15) 
green:   30pF (5 - 35) 
brown:  60pF (8 -72) 


Capacitance: 30pF (5pF - 40pF measured)
[The width (long) 6.8 mm, width (short) 4.9 mm and the height 5 mm
DIFFERENT TYPES OF CAPACITORS:-

1. Tantalum Capacitors
2. Ceramic Capacitors
3. Multilayer Ceramic Capacitors
4. Polystyrene Film Capacitors
5. Electric Double Layer Capacitors (Super Capacitors)
6. Polyester Film Capacitors
7. Polypropylene Capacitors
8. Mica Capacitors
9. Metallized Polyester Film Capacitor

TRANSISTOR

The transistor's function is to amplify an electric current.
Many different kinds of transistors are used in analog circuits, for different reasons. This is not the case for digital circuits. In a digital circuit, only two values matter; on or off. The amplification ability of a transistor is not relevant in a digital circuit. In many cases, a circuit is built with integrated circuits (ICs).
Transistors are often used in digital circuits as buffers to protect ICs. For example, when powering an electromagnetic switch (called a 'relay'), or when controlling a light emitting diode. 
Two different symbols are used for the transistor.

                      

                        PNP type [image: image28.png]


                             NPN type [image: image29.png]



The name (standard part number) of the transistor, as well as the type and the way it is used is shown below.

2SAXXXX PNP type high frequency
2SBXXXX PNP type low frequency
2SCXXXX NPN type high frequency
2SDXXXX NPN type low frequency

The direction of the current flow differs between the PNP and NPN type. When the power supply is the side of the positive (plus), the NPN type is easy to use.
The electrical characteristic of each is as follows:-

	VCEO
	:
	The maximum voltage that can be handled across the collector(C) and emitter (E) when the base (B) is open. (Not connected) (It may be shown as VCE).



	IC
	:
	The maximum collector(C) current.

	PC
	:
	Maximum collector(C) loss that continuously can cause it consumed. At surroundings temperature (Ta)=25°C
(no radiator).



	hFE
	:
	The current gain to DC at the emitter (E).
(IC/IB)
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                Right side:  Base
                  Center      :   Collector 
                 Left side     :  Emitter
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Right side: Emitter
 Center:   Collector
Left side  : Base
THE FACTS CAN BE EXPLAINED AS FOLLOWS:-
1. 2 to 5 % of the holes are lost in recombination with the electron and base region, which results in a small base current and hence the collector current is slightly less than the emitter current.

2. The collector current increases, as the holes reaching the collector junction are attracted by negative potential applied to the collector.

3. When the emitter current increases, most holes are injected into the base region, which is attracted by the negative potential of the collector and hence results in increasing the collector current. In this way emitter is analogous to the control of plate current by small grid voltage in vacuum triode.
Hence we can say that when the emitter is forward biased and collector is negatively biased, a substantial current flows in both the circuits. Since the small emitter voltage of about 0.1 to 0.5 volts permits the flow of the appreciable emitter current the input power is very small. The collector voltage can be high as 45 volts.

RESISTANCE


The resistor's function is to reduce the flow of electric current.
This symbol [image: image31.png]


is used to indicate a resistor in a circuit diagram, known as a schematic. Resistance value is designated in units called the "Ohm." A 1000 Ohm resistor is typically shown as 1K-Ohm ( kilo Ohm ), and 1000 K-Ohms is written as 1M-Ohm ( mega Ohm ).There are two classes of resistors; fixed resistors and the variable resistors. They are also classified according to the material from which they are made. The typical resistor is made of either carbon film or metal film. There are other types as well, but these are the most common. The resistance value of the resistor is not the only thing to consider when selecting a resistor for use in a circuit. The "tolerance" and the electric power ratings of the resistor are also important. The tolerance of a resistor denotes how close it is to the actual rated resistance value. For example, a ±5% tolerance would indicate a resistor that is within ±5% of the specified resistance value. The power rating indicates how much power the resistor can safely tolerate. The maximum rated power of the resistor is specified in Watts. Power is calculated using the square of the current (I2) x the resistance value (R) of the resistor. If the maximum rating of the resistor is exceeded, it will become extremely hot and even burn. Resistors in electronic circuits are typically rated 1/8W, 1/4W, and 1/2W. 1/8W is almost always used in signal circuit applications. 
Generally, it's safe to choose a resistor which has a power rating of about twice the power consumption needed.
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From the top of the photograph
1/8W
1/4W
1/2W

Variable Resistors:-

There are two general ways in which variable resistors are used. One is the variable resistor which value is easily changed, like the volume adjustment of Radio. The other is semi-fixed resistor that is not meant to be adjusted by anyone but a technician. It is used to adjust the operating condition of the circuit by the technician. Semi-fixed resistors are used to compensate for the inaccuracies of the resistors, and to fine-tune a circuit. The rotation angle of the variable resistor is usually about 300 degrees. Some variable resistors must be turned many times to use the whole range of resistance they offer. This allows for very precise adjustments of their value. These are called "Potentiometers" or "Trimmer Potentiometers."
In variable resistors, the resistance value is adjusted by knob. It can be divided into (a) Carbon composition (b) Wire wound (c) Special type. The most common type of resistors used in our projects is carbon type.

Resistor colour code
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	Color
Value
Multiplier
Tolerance
(%)
Black
0
0
-
Brown
1
1
±1
Red
2
2
±2
Orange
3
3
±0.05
Yellow
4
4
-
Green
5
5
±0.5
Blue
6
6
±0.25
Violet
7
7
±0.1
Gray
8
8
-
White
9
9
-
Gold
-
-1
±5
Silver
-
-2
±10
None
-
-
±20


	             Example 1:
            (Brown=1),(Black=0),(Orange=3)
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          10 x 103 = 10k ohm
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          Tolerance(Gold) = ±5%
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PROCEDURE OF MAKING PCB
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. Alternative names are printed wiring board (PWB),and etched wiring board. A PCB populated with electronic components is a printed circuit assembly (PCA), also known as a printed circuit board assembly (PCBA).

PCBs are rugged, inexpensive, and can be highly reliable. They require much more layout effort and higher initial cost than either wire-wrapped or point-to-point constructed circuits, but are much cheaper and faster for high-volume production. Much of the electronics industry's PCB design, assembly, and quality control needs are set by standards that are published by the IPC organization. Conducting layers are typically made of thin copper foil. Insulating materials have a wider scale: phenolic paper, glass fibre and different plastics are commonly used. Usually PCB factories use prepregs (short for preimpregnated), which are a combination of glass fibre mat, nonwoven material and resin. and polyester). Other widely used materials are polyimide, teflon and some ceramics.

Patterning (etching):-
The vast majority of printed 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. A few PCBs are made by adding traces to the bare substrate (or a substrate with a very thin layer of copper) usually by a complex process of multiple electroplating steps.

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. Data to drive the Prototyper is extracted from files generated in PCB design software and stored in HPGL or Gerber file format. 
"Additive" processes also exist. The most common is the "semi-additive" process. In this version, the unpatterned board has a thin layer of copper already on it. A reverse mask is then applied. (Unlike a subtractive process mask, this mask exposes those parts of the substrate that will eventually become the traces.) Additional copper is then plated onto the board in the unmasked areas; copper may be plated to any desired weight. Tin-lead or other surface platings are then applied. The mask is stripped away and a brief etching step removes the now-exposed original copper laminate from the board, isolating the individual traces.
Drilling:-
Holes, or vias, through a PCB are typically drilled with tiny drill bits made of solid tungsten carbide. The drilling is performed by automated drilling machines with placement controlled by a drill tape or drill file. These computer-generated files are also called numerically controlled drill (NCD) files or "Excellon files". The drill file describes the location and size of each drilled hole.

When very small vias are required, drilling with mechanical bits is costly because of high rates of wear and breakage. In this case, the vias may be evaporated by lasers. Laser-drilled vias typically have an inferior surface finish inside the hole. 

Screen printing:-
Line art and text may be printed onto the outer surfaces of a PCB by screen printing. When space permits, the screen print text can indicate component designators

 HYPERLINK "http://en.wikipedia.org/wiki/Circuit_diagram" \l "European_and_Australian_codes" \o "http://en.wikipedia.org/wiki/Circuit_diagram#European_and_Australian_codes" [1], switch setting requirements, test points, and other features helpful in assembling, testing, and servicing the circuit board.

Screen print is also known as the silk screen, or, in one sided PCBs, the red print.

Lately some digital printing solutions have been developed to substitute the traditional screen printing process. This technology allows printing variable data onto the PCB, including serialization and barcode information for traceability purposes, holes are called micro vias.
Printed circuit assembly:-

After the printed circuit board (PCB) is completed, electronic components must be attached to form a functional printed circuit assembly, or PCA (sometimes called a "printed circuit board assembly" PCBA). In through-hole construction, component leads are inserted in holes. In surface-mount construction, the components are placed on pads or lands on the outer surfaces of the PCB. In both kinds of construction, component leads are electrically and mechanically fixed to the board with a molten metal solder.

There are a variety of soldering techniques used to attach components to a PCB. High volume production is usually done with machine placement and bulk wave soldering or reflow ovens, but skilled technicians are able to solder very tiny parts (for instance 0201 packages which are 0.02" by 0.01") by hand under a microscope tweezers and a fine tip soldering iron for small volume prototypes. Some parts are impossible to solder by hand, such as Ball Grid Array (BGA) packages.

Components became much smaller and component placement on both sides of the board became far more common with surface-mounting than through-hole mounting, allowing much higher circuit densities. Surface mounting lends itself well to a high degree of automation, reducing labour cost and greatly increasing production and quality rates. Surface mount devices (SMDs) can be one-quarter to one-tenth the size and weight, and passive components can be one-half to one-quarter the cost of through-hole parts.
DATA SHEETS
ZENER DIODES
Common zener diode voltages
	0.5W
	
	
	
	
	
	

	2.7V
	3.0V
	3.3V
	3.6V
	3.9V
	4.3V
	4.7V 

	5.1V
	5.6V
	6.2V
	6.8V
	7.5V
	8.2V
	9.1V

	10V
	11V
	12V
	13V
	15V
	16V
	18V

	20V
	24V
	27V
	30V
	
	
	

	1.3W
	
	
	
	
	
	

	4.7V
	5.1V
	5.6V
	6.2V
	6.8V
	7.5V
	8.2V

	9.1V
	10V
	11V
	12V
	13V
	15V
	16V

	18V
	20V
	22V
	24V
	27V
	30V
	33V

	36V
	39V
	43V
	47V
	51V
	56V
	62V

	68V
	75V
	100V
	200V
	
	
	


TRANSISTOR
	NPN transistors

	Code
	Structure
	Case
style
	IC
max.
	VCE
max.
	hFE
min.
	Ptot
max.
	Category
(typical use)
	Possible
substitutes

	BC107
	NPN
	TO18
	100mA
	45V
	110
	300mW
	Audio, low power
	BC182 BC547

	BC108
	NPN
	TO18
	100mA
	20V
	110
	300mW
	General purpose, low power
	BC108C BC183 BC548

	BC108C
	NPN
	TO18
	100mA
	20V
	420
	600mW
	General purpose, low power
	 

	BC109
	NPN
	TO18
	200mA
	20V
	200
	300mW
	Audio (low noise), low power
	BC184 BC549

	BC182
	NPN
	TO92C
	100mA
	50V
	100
	350mW
	General purpose, low power
	BC107 BC182L

	BC182L
	NPN
	TO92A
	100mA
	50V
	100
	350mW
	General purpose, low power
	BC107 BC182

	BC547B
	NPN
	TO92C
	100mA
	45V
	200
	500mW
	Audio, low power
	BC107B

	BC548B
	NPN
	TO92C
	100mA
	30V
	220
	500mW
	General purpose, low power
	BC108B

	BC549B
	NPN
	TO92C
	100mA
	30V
	240
	625mW
	Audio (low noise), low power
	BC109

	2N3053
	NPN
	TO39
	700mA
	40V
	50
	500mW
	General purpose, low power
	BFY51

	BFY51
	NPN
	TO39
	1A
	30V
	40
	800mW
	General purpose, medium power
	BC639

	BC639
	NPN
	TO92A
	1A
	80V
	40
	800mW
	General purpose, medium power
	BFY51

	TIP29A
	NPN
	TO220
	1A
	60V
	40
	30W
	General purpose, high power
	 

	TIP31A
	NPN
	TO220
	3A
	60V
	10
	40W
	General purpose, high power
	TIP31C TIP41A

	TIP31C
	NPN
	TO220
	3A
	100V
	10
	40W
	General purpose, high power
	TIP31A TIP41A

	TIP41A
	NPN
	TO220
	6A
	60V
	15
	65W
	General purpose, high power
	 

	2N3055
	NPN
	TO3
	15A
	60V
	20
	117W
	General purpose, high power
	 


	

	PNP transistors

	Code
	Structure
	Case
style
	IC
max.
	VCE
max.
	hFE
min.
	Ptot
max.
	Category
(typical use)
	Possible
substitutes

	BC177
	PNP
	TO18
	100mA
	45V
	125
	300mW
	Audio, low power
	BC477

	BC178
	PNP
	TO18
	200mA
	25V
	120
	600mW
	General purpose, low power
	BC478

	BC179
	PNP
	TO18
	200mA
	20V
	180
	600mW
	Audio (low noise), low power
	 

	BC477
	PNP
	TO18
	150mA
	80V
	125
	360mW
	Audio, low power
	BC177

	BC478
	PNP
	TO18
	150mA
	40V
	125
	360mW
	General purpose, low power
	BC178

	TIP32A
	PNP
	TO220
	3A
	60V
	25
	40W
	General purpose, high power
	TIP32C

	TIP32C
	PNP
	TO220
	3A
	100V
	10
	40W
	General purpose, high power
	TIP32A


	Structure
	This shows the type of transistor, NPN or PNP. The polarities of the two types are different, so if you are looking for a substitute it must be the same type.

	Case style
	There is a diagram showing the leads for some of the most common case styles in the Connecting section above. This information is also available in suppliers' catalogues.
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