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                                  ABSTARCT
Voltage sags and under voltage is one of the main concerns of power system. Regulation of load voltage in single-phase applications is becoming an important issue for critical loads. Circuits that maintain power supply voltages or current outputs within specified limits, or tolerances are called REGULATORS. This paper presents different needs of voltage regulation in power system. Voltage regulators are requires because of fluctuation in voltage in voltage levels provided by the utilities. These fluctuation may effects the electrical components upon the rise or fall in voltage levels which are undesirable  .Gives basic information about different method that are employed for voltage regulation such as controlling generator voltage , tap changing transformer, booster transformer . It provides basic information about various voltage regulators that are commonlly  such electromechanical regulators , electronic regulators ,automatic voltage regulators  static regulators. Voltage regulators are regularly used now days providing safer operation of equipments at low cost.
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1. INTRODUCTION
It a voltage regulator is an electrical regulator designed to automatically maintain a constant voltage level. Ideally, the output of most power supplies should be a constant voltage. Unfortunately, this is difficult to achieve. There are two factors that can cause the output voltage to change. First, the ac line voltage is not constant. The so-called 115 volts ac can vary from about 105 volts ac to 125 volts ac. The ac line voltage alone can be responsible for nearly a 20 percent change in the dc output voltage. The second factor that can change the dc output voltage is a change in the load resistance. In complex electronic equipment, the load can change as circuits are switched in and out. In a television receiver, the load on a particular power supply may depend on the brightness of the screen, the control settings, or even the channel selected.
Transmission suffers from inherent voltage variation at the receiving end with change in load. The voltage variation are undesirable from the point of view of distribution network for distribution transformers ,induction motors as well as lighting loads which forms major part of load are all sensitive to change of voltage.
A commonly used figure of merit for a power supply is its PERCENT OF REGULATION. The figure of merit gives us an indication of how much the output voltage changes over a range of load resistance values. The percent of regulation aids in the determination of the type of load regulation needed. Percent of regulation is determined by the equation:
Percent of regulation=Enl –Efl / Efl  *100
Zero-percent load regulation is the ideal situation. It means that the output voltage is constant under all load conditions. While you should strive for zero percent load regulation, in practical circuits you must settle for something less ideal. Even so, by using a voltage regulator, you can hold the percent of regulation to a very low value.  REGULATORS: Circuits that maintain power supply voltages or current outputs within specified limits, or tolerances are called regulator. They are designated as dc voltage or dc current regulators, depending on their specific application. The purpose of the voltage regulator is to provide an output voltage with little or no variation. Regulator circuits sense changes in output voltages and compensate for the changes. Regulators that maintain voltages within plus or minus (±) 0.1 percent are quite common.			
2. NEED OF VOLTAGE REGULATION 
1. Utility Voltage Level: Anyone receiving power from an electric utility will see the nominal incoming voltage level (230V) change over the course of a day to a small or large degree. There are many factors contributing to the amount of voltage level fluctuation observed including: 1) location on the local distribution line, 2) proximity to large electricity consumers, 3) proximity to utility voltage regulating equipment, 4) seasonal variations in overall system voltage levels, 5) load factor on local transmission and distribution system, etc. Most electric utilities in the U.S. try to maintain the voltage level within plus or minus 5% of the nominal voltage level ( 230V +/-5%), however for short periods the voltage level may be as much as 6% high or 13% low .
2. Voltage Drop in a Facility: It is expected and accepted that there will be a voltage drop of 3 to 5% from the point where the electric utility delivers power to the end user (usually at the meter) to the point within a facility where the electricity is finally consumed in an electrical device (the load). Unlike utility voltage levels which may be high or low, the voltage drop due to wiring impedance within a building will always drive voltage levels lower.
3. Sensitivity to Voltage Levels and Voltage Fluctuation: Every piece of electrical equipment will operate within a range of voltage levels, however not necessarily with optimal performance. When the voltage level falls outside of its operational range, a device may be unable to start or operate, it may malfunction or the device may be damaged. The width of the voltage level range within which a device will operate is a measure of its sensitivity to voltage level. A device that will operate fairly well within a range of +/-10% of nominal voltage would be considered to have a relatively low sensitivity to voltage level or voltage fluctuations. A device that operates properly only when the voltage level is within +/-5% (or less) of nominal voltage would be considered to be sensitive to voltage level or fluctuations.				
4. Changing Voltage Levels: Utility voltage levels are very dynamic and will most assuredly change over time – for better or for worse; instantly or over a long period. The problem is often that there is no advance warning about when, how much or in which direction they will change.
5. Voltage Too High, Too Low: Voltage that is too high can cause premature failure of electrical and electronic components (e.g. circuit boards) due to overheating. The damage caused by overheating is cumulative and irreversible. Motors can, on the other hand, often benefit from voltages that tend to be a little bit high. The reason is fairly simple. As the voltage level goes up, the current is reduced and lower current usually equates to less heat generation within the motor windings. Low voltage is a major cause of motor overheating and premature failure. A low voltage forces a motor to draw extra current to deliver the power expected of it thus overheating the motor windings.  There is a point where the voltage level supplied can be so high as to damage a motor but this level is far higher than that for electronics. Slight reductions in voltage levels may permit many electronics to perform perfectly well while minimizing their temperature. Of course, the same is not true of motors







	




3. IMPORTANT METHODS OF VOLTAGE REGULATION
1. CONTROL GENERATOR VOLTAGE: There are several types of voltage regulators (Vibrating –contact type regulator, Rheostatic type regulators). All of them works on the principle of short circuiting a part of the generator field resistance thereby raising the excitation of the generator , to compensate for the voltage drop in voltage due to increase in load. The rise and fall in voltage itself is utilized to do this automatically, so as to maintain the voltage nearly constant whatever may be the variation in load. 
2. USE OF TAP CHANGING TRANSFORMER : The voltage can be varied by having a number of tapping on secondary winding so that  turn ratio can be changed at  will The tapings may be changed on load but where quick change without break in circuit is required on load tap changing transformer either alone or in conjunction with auto transformer are employed. 
3. USE OF BOOSTER TRANSFORMERS : The advantage of booster transformer is that these are cheaper when there is no main transformer at the point where voltage regulation is required.
4. PHASE ANGLE CONTROL : In interconnected system it is necessary to control both the     magnitude and phase angle of various line voltage for load dispatching. Various methods such as induction regulators , power factor control ,  in phase/or  quadrature voltage boosters transformers are employed.




						


4. TYPES OF REGULATORS
4.1 ELECTROMECHANICAL VOLTAGE REGULATORS   
Early automobile generators and alternators had a mechanical voltage regulator using two or three relays and various resistors to stabilize the generator's output at slightly more than 6 or 12 V, independent of the engine's rpm or the varying load on the vehicle's electrical system. More modern designs use solid state technology (transistors) to do the same. These regulators operate by controlling the field current reaching the generator (or alternator) and in this way controlling the output voltage produced by the generator. Different types of electromechanical regulators are: Vibrating –contact type regulator , rheostatic  type regulators.
In electromechanical regulators, voltage regulation is easily accomplished by coiling the sensing wire to make an electromagnet. The magnetic field produced by the current attracts a moving ferrous core held back under spring tension or gravitational pull. As voltage increases, so does the current, strengthening the magnetic field produced by the coil and pulling the core towards the field. The magnet is physically connected to a mechanical power switch, which opens as the magnet moves into the field. As voltage decreases, so does the current, releasing spring tension or the weight of the core and causing it to retract. This closes the switch and allows the power to flow once more.
[image: ]

Fig4.1.  Circuit design for a simple electromechanical voltage regulator.
Constant-voltage transformer: The constant voltage regulator is a type of saturating transformer used as a voltage regulator. These transformers use a tank circuit composed of a high-voltage resonant winding and a capacitor to produce a nearly constant average output voltage with a varying input current or varying load. The circuit has a primary on one side of a magnet shunt and the tuned circuit coil and secondary on the other side. The regulation is due to magnetic saturation in the section around the secondary.
4.2 ELECTONIC VOLTAGE REGULATORS
The electronic voltage regulator (EVR) has evolved with the advancements in power semiconductors over the past 20 years. Unlike the mechanical voltage regulator, the electronic voltage regulator is only used in power quality applications since it is designed for low voltage (< 600V) and its higher performance is not necessarily an advantage in line drop compensation applications.

As electronics become more prevalent in industrial and commercial applications, the speed and performance advantages of the electronic voltage regulator make it a better fit than the mechanical voltage regulator.
4.3 AC voltage stabilisers 
A voltage stabiliser is a type of household mains regulator which uses a continuously variable autotransformer to maintain an AC output that is as close to the standard or normal mains voltage as possible, under conditions of fluctuation. It uses a servomechanism (or negative feedback) to control the position of the tap (or wiper) of the autotransformer, usually with a motor. An increase in the mains voltage causes the output to increase, which in turn causes the tap (or wiper) to move in the direction that reduces the output towards the nominal voltage. An alternative method is the use of a type of saturating transformer called a ferroresonant transformer. These transformers use a tank circuit composed of a high-voltage resonant winding and a capacitor to produce a nearly constant average output with a varying input. The ferroresonant approach is attractive due to its lack of active components, relying on the square loop saturation characteristics of the tank circuit to absorb variations in average input voltage. The ferroresonant output has a high harmonic content, leading to a distorted output waveform. The ferroresonant action is a flux limiter rather than a voltage regulator, but with a fixed supply frequency it can maintain an almost constant average output voltage even as the input voltage varies. 

4.4 DC Voltage Stabilisers 
Many simple DC power supplies regulate the voltage using a shunt regulator such as a  zener diode, avalanche breakdown diode, or voltage regulator tube. Each of these devices begins conducting at a specified voltage and will conduct as much current as required to hold its terminal voltage to that specified voltage. The power supply is designed to only supply a maximum amount of current that is within the safe operarating  capability of the shunt regulating device (commonly, by using a series resistor). In shunt regulators, the voltage reference is also the regulating device. If the stabiliser must provide more power, the shunt regulator output is only used to provide the standard voltage reference for the electronic device, known as the voltage stabiliser. The voltage  stabiliser  is the electronic device, able to deliver much larger currents on demand. 
4.5 Series and Shunt Voltage Regulators   
Basic voltage regulators are classified as either SERIES or SHUNT, depending on the location or position of the regulating element(s) in relation to the circuit load resistance. In actual practice the circuitry of regulating devices may be quite complex. Broken lines have been used in the figure to highlight the differences between the series and shunt regulators.
In a shunt regulator, as shown in fig, output voltage regulation is determined by the current through the parallel resistance of the regulating device (RV), the load resistance (RL), and the series resistor (RS). If  the load resistance (RL)increases, the regulating device (RV) decreases its resistance to compensate for the change. If RL decreases, the opposite effect occurs and RV increases. The shunt regulator maintains the desired output voltage first by sensing the current change in the parallel resistance of the circuit and then by compensating for the change.
The input voltage may vary and that any variation must be compensated for by the regulating device. If an increase in input voltage occurs, the resistance of RV automatically decreases to maintain the correct voltage division between RV and RS. You should see, therefore, that the regulator operates in the opposite way to compensate for a decrease in input voltage.
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4.6 Active regulators           
Because they (essentially) dump the excess current not needed by the load, shunt regulators are inefficient and only used for low- power loads. When more power must be supplied, more sophisticated circuits are used. In general, these can be divided into several classes: 
   1. Linear regulators
   2. Switching regulators
   3. SCR regulators
4.6.1 Linear Regulators
Linear regulators insert a variable resistance in series with the load current. In the past, one or more vacuum tubes were commonly used as the variable resistance. Modern designs use one or more transistors instead. Linear designs have the advantage of very "clean" output with little noise introduced into their DC output. Entire linear regulators are available as integrated circuits. These chips come in either fixed or variable voltage types. 													  
4.6.2 Switching regulators
Instead of controlling a variable resistance, the output of a switching regulator is controlled by rapidly switching a series device on and off. The duty cycle of the switch sets how much charge is transferred to the load. This is controlled by a similar feedback mechanism as in a linear regulator. Because the series element is either fully conducting, or switched off, it dissipates almost no power; this is what gives the switching design its efficiency. Switching regulators are also able to generate output 	
4.6.3 Silicon Controlled Rectifiers Regulators
Regulators powered from AC power circuits can use silicon controlled rectifiers 
(SCRs) as the series device. Whenever the output voltage is below the desired value, the SCR is triggered, allowing electricity to flow into the load until the AC mains voltage passes through zero (ending the half cycle). SCR regulators have the advantages of being both very efficient and very simple, but because they can not terminate an on-going half cycle of conduction, they are not capable of very accurate voltage regulation in response to rapidly-changing loads.
Many power supplies use more than one regulation method in series. For example, the output from a switching regulator can be further regulated by a linear regulator. The switching regulator accepts a wide range of input voltages and efficiently generates a (somewhat noisy) voltage slightly above the ultimately desired output. That is followed by a linear regulator that generates exactly the desired voltage and eliminates nearly all the noise generated by the switching regulator. Other designs may use an SCR regulator as the "pre-regulator", followed by another type of regulator 
4.7 AUTOMATIC VOLTAGE REGULATOR
The automatic voltage regulator or AVR is a class of devices that provide constant voltage levels to prevent malfunctions or damage to downstream electrical equipment. The automatic voltage regulator or AVR, as the name implies, is a device intended to regulate voltage automatically: that is to take a varying voltage level and turn it into a constant voltage level. AVRs range in size from small ones that can be mounted on printed circuit boards to those the size of a small house. This discussion looks at automatic voltage regulators typical for AC applications of about 1,000 VA (roughly the requirement of a hand-held hair dryer) and larger.
An AVR is at the heart of devices often called power conditioners or power stabilizers. The typical power conditioner is an automatic voltage regulator combined with one or more other power-quality capabilities such as: Surge suppression, Short circuit protection (circuit breaker), Line noise reduction, Phase-to-phase voltage balancing, Harmonic filtering, etc.
AVR REGULATION: An AVR takes in a range of voltage levels and automatically outputs a voltage with a much narrower range of voltage levels. For example, a typical automatic voltage regulator for power quality application may have an input voltage range of +10% to -25% of the nominal input voltage and convert this to a regulated voltage range of +3% to -3% of the nominal output voltage as shown the graphic for a 480V input and output.			 		
[image: ]
Fig 4.5 AVR regulation
AVR: Phases and Phase Regulation: Automatic voltage regulators can be designed for single phase or three phase AC applications.
It is common for utilities to use single phase automatic voltage regulators ganged together to provide voltage regulation for three phase.(Fig 4.5)
Single phase automatic voltage regulators may also be used where a three phase source is used to supply three single phase loads. Most three phase AVRs may also be used to feed single phase loads.(Fig4.6)						
For three phase loads, it is usually more cost effective to use a three phase AVR.A three phase automatic voltage regulator might regulate all three phases together or it might regulate each phase independently, depending on the design of the AVR(Fig4.7)
 [image: ]                              [image: ]
Fig 4.5 common utility single phase 		Fig4.6common industrial single    	voltage regulator arrangement			voltage regulator arrangement	 
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Fig 4.7 common industrial three phase voltage regulator
4.8   STATIC VOLTAGE REGULATOR
Static Voltage Regulator (SVR) which is connected between mains and consumer’s machine removes the negative effects of the mains’ fluctuation to the consumer’s machine.  
The operating principle of SVR is different from the classic automatic servo voltage regulator. Instead of a mechanical system causing the changes, the direct triggering of a fast thyristor is responsible for an accelerated response. SVR is composed of a transformer, semiconductor switch power unit which triggers this transformer, and microprocessor block which acts as an control and user interface. SVR is based on coil selecting principle, which means supplying the consumer machine with auto transformer coils inside of it. SVR ensure machines (like motors, rectifier, and air conditioner) to operate properly and safely with selecting coil if a fluctuation and adeviation occurs in mains.
If an overload (more than the 150% of nominal power) occurs, consumer machines(loads) are directly supplied with Bypass from the mains. After the normal conditions restate, machines again begin to be supplied with SVR. SVR contains a communication interface unit. By the help of this unit’s signs it is possible to get information from SVR.












5. ADVANTAGES  OF VOLTAGE REGULATORS
1 . This technology deliver increased reliability in a quiet ,compact package and is lower in
     cost.
2 . Clean conditioned power improves equipment performance .
3 . Protects equipments from  potentially harmfull daily  electrical events.
4 . Automatically shuts down in event of voltage exceeding certain value.

          











6. CONCLUSION
The output of most power supplies should be a constant voltage but  power system consist of various voltage fluctuation due varying  load . These voltage  fluctuations may causes serious damage to the electrical equipments and which may add extra cost to utility. A voltage regulator is an electrical regulator designed to automatically maintain a constant voltage level. It can be used for both ac or dc voltage regulator depeding upon needs. By using different types of voltage regulators we can save many electrical equipments from damaging. Voltage regulators provide safer operation and reliable operation of equipments at low cost .
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