Methods of Voltage Control in Power System
The voltage of the power system may vary with the change in load. The voltage is normally high at light load and low at the heavy-load condition. For keeping the voltage of the system in limits, some additional equipment requires which increase the system voltage when it is low and reduces the voltage when it is too high. The following are the methods used in the power system for controlling the voltage.
On – Load Tap Changing Transformer
Off – Load Tap Changing transformer
Shunt Reactors
Synchronous Phase Modifiers
Shunt Capacitor
Static VAR System (SVS)
Controlling the system voltage by the help of shunt inductive element is known as shunt compensation. The shunt compensation is of two types, i.e., the static shunt compensation and the synchronous compensation. In static shunt compensation, the shunt reactor, shunt capacitor and static VAR system are used, whereas the shunt compensation uses the synchronous phase modifier. The methods used for controlling the voltage are explained below in details.
1. Off – Load Tap Changing Transformer – In this method, the voltage is controlled by changing the turn ratio of the transformer. The transformer is disconnected from the supply before changing the tap. The tap changing of the transformer mostly done manually.
2. On – Load Tap Changing Transformer – This arrangement is used for changing the turn ratio of the transformer for regulating the system voltage when the transformer delivers the load. Most of the power transformer is provided with on-load tap changer.
3. Shunt Reactor – The shunt reactor is the inductive current element which is connected between the line and neutral. The shunt reactor compensates the inductive current from the transmission line or underground cables. It is mainly used in the long distance EHV and UHV transmission lines for reactive power control.
The shunt reactors are used in the sending end substation, receiving end substation and in the intermediate substation of long EHV and UHV line. In the long transmission line, the shunt reactor is connected at the distance of 300 Km to limit the voltage at an intermediate point.
4. Shunt Capacitors – The shunt capacitors are the capacitors connected in parallel with the line. It is installed at the receiving end substation, distribution substations and in the switching substations. The shunt capacitor injected the reactive volt-ampere to the line. It is placed in the three phase bank
5. Synchronous Phase Modifier – The synchronous phase modifier is the synchronous motor running without a mechanical load. It is connected with the load at receiving the end of the line. The synchronous phase modifier absorbs or generates the reactive power by varying the excitation of the field winding. It keeps the voltage constant at any condition of the load and also improves the power factor.
6. Series Var Systems (SVS) – The static VAR compensator inject or absorb the inductive VAR to the system when the voltage becomes higher or lower than the reference value. In static VAR compensator, the thyristor is used as switching device in place of circuit breakers. Nowadays, the thyristor switching is used in the system in place of mechanical switching because thyristor switching is faster and provides transient free operation by controlling the switching.
Power Factor Improvement
If the power factor is low or poor, it is necessary to improve or correct it. It may be improved by injecting a leading current into the circuit so as to neutralize the effect of lagging current. The power factor may be improved by using static capacitors or synchronous motors.
Power factor correction by static capacitors
Consider an inductive load consisting of a resistor R and an inductor L connected to an AC supply. The 
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circuit and phasor diagrams are shown in the figure.
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Let,     V – supply voltage,I1 –  load current
φ1 – phase angle by which the current I1 lags behind the voltage,cosφ1 – original power factor

Let the capacitor C be placed in parallel with the load. It will take a leading current  Ic  from the supply. The circuit and phasor diagrams are shown in the figure.
The total I2 drawn from the supply will be equal to the phasor sum of I1 and Ic that is
I2=I1+Ic
Conclusions
The phase angle of I2 is φ2. It is seen from the phasor diagram that the φ2  is less than φ1, and hence, cosφ2 is greater than cosφ1. In other words, the power is improved from cosφ1 to cosφ2.
The new current supply from the supply is less than the load current I1, i.e., I2> I1. The new current is 
given by the equation
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By connecting a capacitor in parallel with an inductive load, the power factor.is improved, and the current from the supply is reduced without altering either current or power taken by the load.
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This relation shows that the power taken from the supply has not altered.




















Capacitors  Units and bank Ratings
[bookmark: _GoBack]When capacitor units in a capacitor bank fail, the amount of increase in voltage across the remaining units depends on the connection of the bank, the number of series groups of capacitors per phase, the number of units in each series group, and the number of units removed from one series group. A similar effect occurs on the internal elements that make up a capacitor unit.
Such monitoring is desirable for both externally and internally fused units to prevent a cascade failure of the remaining units and their associated fuses.
For the fuseless designs, such a cascade failure would tend to become a short circuit and require the main circuit protection to operate, so it is somewhat more important to detect the failure before it cascades in fuseless banks.
Specifications or Rating of Power Capacitor Bank
A capacitor bank has to go through different abnormal system conditions, during its life span. To with stand these abnormalities at optimum manufacturing cost, the capacitor banks are rated with following allowable parameters. A capacitor bank should continue its service with in the following limits.
110 % of normal system peak voltage.
120 % of normal system rms voltage.
135 % of rated KVAR.
180 % of normal rated rms current.
Voltage Rating of Capacitor Bank
A capacitor unit is normally designed for single phase. The capacitor should be capable of smooth operation upto 110% of rated peak phase voltage of the system and also it should be capable of operation 120% of rated rms phase voltage that means, 120% of  times of peak phase voltage.
KVAR Rating of Capacitor Unit
Capacitor unit are normally rated with its KVAR ratings. Standard capacitor unit available at market, are typically rated with either of following KVAR rating.
50 KVAR, 100 KVAR, 150 KVAR, 200 KVAR, 300 KVAR and 400 KVAR.
The KVAR delivered to the power system depends upon the system voltage by the following formula.
[image: https://www.electrical4u.com/images/february16/1457185597.gif]
Temperature Rating of a Capacitor Bank
These are mainly two cause of farming heat on a capacitor bank.
Outdoor type capacitor bank are generally installed at open space where sunlight strikes on the capacitor unit directly. Capacitor can also absorb heat from the nearly furnace for which it is installed.
Production of heat in the capacitor unit is also initiated from the VAR delivering by the unit.
Hence, for radiation of these heats, there should be sufficient arrangement. The maximum allowable ambient temperatures in which a capacitor bank should be operated are given below in tabular form,
Maximum Ambient Temperature
[image: https://www.electrical4u.com/images/february16/1457182644.gif]
For better ventilation, there should be enough spacing between capacitor units. Sometime forced air flow can be used to accelerated heat radiation from the bank.
Capacitor Bank Unit or Capacitor Unit
Capacitor bank units or simply called capacitor units are manufactured in either single phase or three phase configuration.
Single Phase Capacitor Unit
Single phase capacitor units are designed either double bushing or single bushing.
Double Bushing Capacitor Unit
Here, the terminal of the both ends of capacitor assembly are come out from the metallic casing of the unit through two bushing. The entire capacitor assembly, this is series parallel combination of required number of capacitive elements is immersed in insulating fluid casing. Hence, there will be an insulated separation between conducting part of the capacitor element assembly go through bushing, there will be no connection between conductor and casing. That is why double bushing capacitor unit is known as dead tank capacitor unit.
Single Bushing Capacitor Unit
In this case casing of the unit is used as second terminal of assembly of capacitor element. Here single bushing is used to terminal one end of the assembly and its other terminal is internally connected to the metallic casing. This is possible because except terminal, all other conducting portion of the capacitor assembly is insulated from the casing.
Three Bushing Capacitor Unit
A three phase capacitor unit has three bushings to terminate 3 phase respectively. There is no neutral terminal in 3 phase capacitor unit.
BIL or Basic Insulation Level of Capacitor Unit
Like other electrical equipments a capacitor bank has also to with stand different voltage conditions, like power frequency over voltages and lightening and switching over voltages.
So Basic Insulation Level must be specified on every capacitor unit rating plate.
Internal Discharge Device
Capacitor units are normally provided with internal discharge device which ensures the quick discharge of residual voltage to its safe level i.e. 50 V or less, with in the specific time period a capacitor unit is also rated with its discharge period.
Transient Over Current Rating
Power capacitor may undergo over current situating during switching operation. So the capacitor unit must be rated for allowable short circuit current for specified time period.
So, a capacitor unit should be rated with all the above mentioned parameters.

The example of rating of a typical capacitor unit is given below-
So a power capacitor unit can be rated as follows,

Nominal system voltage in KV.
System power frequency in Hz.
Temperature class with allowable maximum and minimum temperature in oC.
Rated voltage per unit in KV.
Rated output in KVAR.
Rated capacitance in µF.
Rated current in Amp.
Rated insulation level (Nominal voltage/Impulse voltage).
Discharge time/voltage in second/voltage.
Fusing arrangement either internally fused or externally fused or fuseless.
Number of bushing, double/single/triple bushing.
Number of phase. Single phase or three phase.
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Circuit and Phasor diagram
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Circuit and Phasor diagram
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Mounting Method | 24-h Average Normal Annual
Isolated capacitor 46°C e
Single row bank 46C 35C
Multi row bank 40°C 25°C
Metal enclosed 40°C 25T





