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Power  factor correction
ABSTRACT


This paper is a methodology for enhancement of voltage security through power factor correction. Nowadays in most of the industries automation is made through the microcontrollers. Power distribution is an important phenomenon in the field of electrical engineering. The problem of low power factor is a big drawback. Normally in small industries the capacitor banks are switched ON/OFF manually.


Energy crisis problem in developing countries demands economic use of energy. Energy loss can be maintained by running the industries with near unity power factor. Modern sophisticated industries draw high lagging current at no load and at light load from the supply, producing inferior power factor. But with the increment of load, the power factor improves ie., the power factor fluctuates with load fluctuation. The recommended value of power factor in industrial consumption is 0.85 lag but the industries run with a power factor ranging from 0.60 to 0.65 lag. To avoid the penalty due to lagging power factor in the running of industries as well as to save appropriable amount of energy, maintenance of power factor in industrial load node is important. Hence to avoid it,capacitor banks  are used in maintaining power factor by reactive power injection.








PRESENTED BY,






  NANDHINI.M AND PRABAVATHY.R,








III  BE  EEE,






SRI RAMAKRISHNA ENGG COLLEGE,







       COIMBATORE-22.






E-Mail ID : nandhumano@yahoo.co.in






         rpraba34@yahoo.co.in 
[image: image10.png]Magnetising
Current

Line Current

Work Current

Capacitor Current




INTRODUCTION

WHAT IS POWER FACTOR?

The effects of power factor
Why do we need Power factor correction?

WHY WE USE CAPACITORS FOR PFC?

TYPES OF PFC
BLOCK  DIAGRAM  FOR  μC  BASED PFC
What does it do to OUR electricity bill?

Benefits  of  power  factor correction

Ongoing maintenance

CONCLUSION

BIBLIOGRAPHY

INTRODUCTION:

Energy crisis problem in developing countries demands economic use of energy. Energy loss can be maintained by running the industries with near unity power factor. Modern sophisticated industries draw high lagging current at no load and at light load from the supply, producing inferior power factor. But with the increment of load, the power factor improves ie., the power factor fluctuates with load fluctuation. The recommended value of power factor in industrial consumption is 0.85 lag but the industries run with a power factor ranging from 0.60 to 0.65 lag. To avoid the penalty due to lagging power factor in the running of industries as well as to save appropriable amount of energy, maintenance of power factor in industrial load node is important. Hence to avoid it,capacitor banks  are used in maintaining power factor by reactive power injection.

WHAT IS POWER FACTOR?
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Power Factor is a measure of how efficiently electrical power is consumed. The power drawn by resistive electrical loads is given by multiplying the voltage across the load by the current drawn. However, many other loads commonly found in industry and commerce draw a higher current than that explained by the work or energy consumed. The ratio of the power consumed in kW(actual load power) to the product of the voltage and the current in KVA(apparent load power) is called the power factor. 
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It is difficult to picture what this extra current is for. A way to describe it is to say that loads such as motors and fluorescent lamp ballasts which operate by creating alternating magnetic fields use energy to build up the field as the voltage increases each cycle and then return the energy as the voltage decreases. No net energy is transferred by this process, but the “magnetising current” is necessary to maintain the alternating field which in turn is necessary for the device to function. Even more confusingly, the wattless current (or kVAR) does not add simply to the resistive current (or kW). They have to be added as two vector quantities. 
The effects of power factor:
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Consider a canal boat being pulled by a horse. If the horse could walk on water then the angle (Phi) Ø would be zero and COSINE Ø = 1. Meaning all the horse power is being used to pull the load. 

However the relative position of the horse influences the power. As the horse gets closer to the barge, angle Ø1 increases and power is wasted, but, as the horse is positioned further away, then angle Ø2 gets closer to zero and less power is wasted.
Why do we need Power factor correction?


Looking at Diagram 1 supplies the answer. The current (or kVA) seen by the distribution system is the larger quantity represented by the long side of the triangle, whereas the actual power required to drive the load or operate the fluorescent tube is given by the shorter kW side of the triangle. This means that the capacity of  transformers and cables will be limited by the kVA needed by the load rather than the kW required to do the job. Also, the energy lost by the resistance of the distribution system will be in proportion to the square of the total current and so these losses are unnecessarily large.


A poor power factor can be the result of a significant phase difference between the voltage and current at the load terminals.The load current phase angle is generally the result of an inductive load such as an induction motor, power transformer, lighting ballasts, welder or induction furnace.


Thus capacitive Power Factor correction (PFC) is applied to electric circuits as a means of minimising the inductive component of the current and thereby reducing the losses in the supply.

It is necessary to mention three points of confusion that exist with regard to power factor at this point

· The power factor of the system has no effect on the operation of motors and other loads connected to it.

· The wattless current does not constitute wasted power.

· The power factor of an installation is not important at low loads.

The rule-of-thumb guide where PFC is to be done is as follows:
	p.f. level
	Action

	p.f. < 0.90
	Should be corrected

	0.90< p.f.< 0.95
	Should be corrected if economic

	p.f. > 0.95
	Unlikely to be cost effective


WHY WE USE CAPACITORS FOR PFC?


Capacitive Power Factor correction is applied to circuits which include induction motors as a means of reducing the inductive component of the current and thereby reduce the losses in the supply. There should be no effect on the operation of the motor.

An induction motor draws current from the supply, that is made up of resistive components and inductive components. 
The resistive components are:

· Load current.

· Loss current. 

The inductive components are:

· Leakage reactance.

· Magnetizing current.

The current due to the leakage reactance is dependant on the total current drawn by the motor, but the magnetizing current is independent of the load on the motor. The magnetizing current will typically be between 20% and 60% of the rated full load current of the motor. The magnetizing current is the current that establishes the flux in the iron and is very necessary if the motor is going to operate. The magnetizing current does not actually contribute to the actual work output of the motor. It is the catalyst that allows the motor to work properly. 
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The magnetizing current and the leakage reactance can be considered as passenger components of current that will not affect the power drawn by the motor, but will contribute to the power dissipated in the supply and distribution system. 

 
 In the interest of reducing the losses in the distribution system, power factor correction is added to neutralize a portion of the magnetizing current of the motor. Power factor correction is achieved by the addition of capacitors in parallel with the connected motor circuits and can be applied at the starter, or applied at the switchboard or distribution panel. The resulting capacitive current is leading current and is used to cancel the lagging inductive current flowing from the supply.
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TYPES OF PFC:
· Bulk Correction.

· Static Correction.

Bulk  Correction:

The Power factor of the total current supplied to the distribution board is monitored by a controller which then switches capacitor banks.In a fashion to maintain a power factor better than a preset limit(Typically 0.95).There is no problem with bulk correction operating at unity.
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Static Correction:


As a large proportion of the inductive or lagging current on the supply is due to the magnetizing current of induction motors, it is easy to correct each individual motor by connecting the correction capacitors to the motor starters. When the motor is Off Line, the capacitors are also Off Line. When the motor is connected to the supply, the capacitors are also connected providing correction at all times that the motor is connected to the supply. This removes the requirement for any expensive power factor monitoring and control equipment. 


Static power factor correction should provide capacitive current equal to 80% of the magnetizing current, which is essentially the open shaft current of the motor.

Static correction is commonly applied by using a contactor to control both the motor and the capacitors. It is better practice to use two contactors, one for the motor and one for the capacitors. Where one contactor is employed, it should be up sized for the capacitive load. The use of a second contactor eliminates the problems of resonance between the motor and the capacitors.
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BLOCK  DIAGRAM  FOR  μC  BASED PFC:
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1) POWER FACTOR SENSING ELEMENT:

The input voltage and current signals are sent to the zero crossing detector. They compare the two signals and produce the control signals.
2) POWER FACTOR CONTROL ELEMENT:




The output of the power factor sensing element is given to the power factor control logic. Here a microcontroller is used. The difference between these signals gives the phase angle. Using the lookup table it is converted to the corresponding power factor. It then switches on the required reactive power through capacitor banks according to whether the power factor is leading or lagging. It also displays the power factor and whether it leads or lags. If the power factor is unity, it just displays the power factor.
3) CAPACITOR BANK DRIVE CIRCUIT:


It is a part of the power factor control element which uses relays drives to switch ON/OFF the capacitor bank according to the power factor. If the power factor is lagging then it switches ON the bank according to the requirement and vice versa.
 What does it do to OUR electricity bill?

In a 3 phase supply, kW consumed is (VOLTS x AMPS x 1.73 x Power Factor) / 1000. The Electricity Company supply you VOLTS x AMPS and they have to supply extra to make up for the loss caused by poor Power Factor. When the power factor falls below a set figure, the electricity supply companies charge a premium on the kW being consumed, or, charge for the whole supply as kVA.
Benefits  of  power  factor correction:
· Economic benefits

· Plant benefits
· Improved system capacity

· Improved voltage

· Improved efficiency

Economic benefits:


To meet the reactive power requirements of customers with low power factor, the power utility must spend extra money to furnish higher rated generators, power lines, transformers and other equipment. Consequently, most power companies make up for the added expense by including charges for kVA (Maximum Demand) in their commercial/industrial tariffs.

Plant benefits:

In a new factory the size of cables, switchboards and supply transformers can all be reduced if a good power factor can be maintained. This is especially important when sizing stand-by generators and/or when interruptible power supplies are used to maintain essential loads. 

Improved system capacity :


When a system’s power factor is improved, the amount of reactive current flowing is lowered, thus reducing transformer and distribution circuit loads, and improving the system capacity.

Improved voltage:

A low power factor results in a higher current flowing for a given load. As power factor decreases, line current increases, causing greater voltage drops in the conductors and poor voltage at equipment. With improved power factor, the voltage drops are reduced and the voltage at equipment is improved.
Improved efficiency:

The higher currents flowing in supply cables for loads with poor power factor results in losses due to resistive heating in  the cables. A 5% drop in voltage means that 5% of power is wasted as heat before it even reaches the motor. Improving the power factor, especially at the motor terminals, can improve efficiency by reducing the line current and the line losses.

Ongoing maintenance:

Often companies invest in power factor correction equipment based on sound financial evaluation only to discover that the expected savings are not being realized. This could be due to failure of the PFC capacitors, blown fuses, or incorrectly adjusted controllers. Regular inspection of power factor correction equipment to ensure its performance is essential if the savings are to be achieved.


It is imperative that once a decision is taken to proceed with power factor correction a commitment to monitor and maintain it is also made. The satisfactory operation of existing power factor equipment should be checked. It may, for example, have been left switched out of service, or be inoperative, allowing the plant to operate with a poorer power factor. If designed and maintained correctly, power factor correction equipment significantly reduces electricity charges, and can improve the performance of other electrical plant.
CONCLUSION:


Most of the units which use capacitor banks to boost power factor, don’t check for the capacitor losses which may look minimal. But actually it is not so. Energy losses in the capacitor are proportional to the square of voltage. A continuously high voltage of 5% at the terminals increase capacitor losses by about 10%.Losses more than 2W/KVAR need replacement of capacitors.


To be cost effective the unit should monitor the load factor, maximum demand and power factor on daily basis. For minimizing specific energy consumption, plant operations and equipment efficiency should be checked on regular basis. Study by an outside person will help in identifying the possible areas for improvements to reduce energy expenses.
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FIGURE (a)





μC  BASED POWER FACTOR CONTROLLER





FIGURE (b)





FIGURE (c)





� INCLUDEPICTURE "http://www.lmphotonics.com/pwrfct1.gif" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://www.lmphotonics.com/pwrfact2.gif" \* MERGEFORMATINET ���





FIGURE (d)
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