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Abstract: 

The power demand is increasing day by day as the  industrial load is increasing. In modern power network cater to a wide variety of 

electrical load and power electronics loads, which create a varying power demand on the supply system and pollute the system 

environment. It is necessary of automatic switching operation of the suitable capacitor depending upon the load fluctuations without 

manual intervention. It can be achieved by using APFC system which can maintain consistently high factor nearer to unity. Majority  

of load are inductive in nature in industries. So they consume reactive power which affect the generation of plant. To give this 

additional power we need to increase generation or increase KVA rat ing of transformer.  
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I.  INTRODUCTION 

 
Power factor is the ratio between the KW and the KVA drawn 

by an electrical load where the KW is the actual load power and 

the KVA is the apparent load power. It is a measure of how 

effectively  the current is being converted into useful work output 

and more particularly is a good indicator of the effect of the load 

current on the efficiency of the supply system .In industry most 

of the load is inductive in nature which results in lagging power 

factor that is why there is loss and wastage of energy which 

results in high power bills and heavy penalties from electricity 

boards. If the load is uneven it is very difficu lt to maintain unity 

power factor. To overcome this difficu lty APFC panel is used 

which maintains unity power factor. So industries require 

automatic power factor correct ion system [1]. APFC or 

Automatic Power Factor Control Panels are main ly used for the 

improvement of Power Factor. Power Factor can be explained as 

ratio of active power to apparent power and it is a key factor in 

measuring electrical consumption. Everyone knows that        

how costly electricity has become in present time. Therefore it 

becomes utmost important to cut down on electrical 

consumption for reducing expenditure. APFC Panels come real 

handy in the achievement of this purpose Use of these control 

panels becomes indispensable in those industries where 

electrical installat ions are meant to supply to large electrical 

load. A dip in Power Factor can attract operational losses and a 

penalty from electricity board, responsible for electricity supply. 

APFC Panels can effectively  and automatically manage quickly 

changing and scattered loads along with the retention of high 

Power Factor. We are renowned manufacturers of APFC Panels 

symbolized with quality and reliability. These are available in 

different current ratings to cater to distinct applications. [2]  

 

 

II. DETAILS OF APFC 

 

2.1 Power factor without using APFC Panel  

 

Most of the industrial loads are inductive in nature, i.e ., lagging 

loads, so the power factor is low or very poor that depends on the 

capacity of the reactive power. These reactive loads include 

electric motors, induction heaters, furnaces, lamp ballast, etc. 

These loads cause the currents to lag the voltages with some 

angle resulting in poor power factor. This low power factor 

draws high internal current which in turn creates excessive heat 

in the equipment, huge voltage drop offs and poor voltage 

regulation. Low-power factor requires larger KVA rating for the 

equipment, so the cost of the equipment increases. The main 

aspect is that a power supply company imposes a penalty for the 

low-power factor in the electricity bills without using APFC 

panel the power factor will reduced at 0.8 to 0.6. So there will be 

waste of energy will cost increases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.1. Electricity Board  

 

There for the electricity board put extra penalty on those 

industries. Keeping the above things in mind, one can say that 

the power factor must be corrected for a better utilization of the 

power, and to overcome all the drawbacks discussed above there 
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for the APFC panel will comes in to play to improve the power 

factor and reduces the penalty from the electricity board.[3]  

 

As shown in fig, the resultant current from inductor, phasor 

angle is   and similar for the resultant current from inductor and 

capacitor, phasor is . 

 

Now 

    

                                             

 

So in the case of combined circu it of inductor and capacitor, 

power factor is greater than respect to the power factor of and 

inductor circuit [4] 

 

III. BLOCK DIAGRAME OF APFC PANEL  

 

 
Figure.2. Block Diagrame of APFC Panel  

 

As seen above the block diagram of APFC panel. The Supply 

main terminals are connected to input of APFC Panel. Power 

factor is sensed by the CT & PT placed in line side. As the level 

of line voltage and current the capacitor banks are operated to 

archive calcu lated power factor by microprocessor based APFC 

relay. The appropriate capacitor bank will operate with res pect to 

KVAr required to Achieve target PF by APFC panel. After it CT 

& PT will check the feedback from the switching capacitors. 

Finally Arch ived or targeted PF given to load. [5] 

 

IV. BAS IC THEORY OF APFC PANEL  

 

4.1 Needs for automatic power factor correction 

 

Varying power demand on the supply system, Power factor    

also varies as a function of the load requirements, Difficult        

to maintain a consistent power factor by use of Fixed  

Compensation i.e. fixed capacitors, Leading power factor       

under light load conditions (fixed compensation), No manual 

intervention is needed, As under leading power factor under 

light load conditions which results in over voltages, saturation  

of transformers, mal-operation of diesel generating sets and 

penalties by electric supply authorities, APFC prevent leading 

power factor also. [6] 

 

4.2 Power factor correction for non- linear loads  

 

A non-linear load on a power system is typically a rectifier (such 

as used in a power supply), or some kind of arc discharge device 

such as a fluorescent lamp, electric welding machine, or arc 

furnace. Because current in these systems is interrupted by a 

switching action, the current contains frequency components 

that are mult iples of the power system frequency. Distortion 

power factor is a measure of how much the harmonic distortion 

of a load current decreases the average power transferred to the 

load. Non-linear loads change the shape of the current waveform 

from a sine wave to some other form. Non-linear loads create 

harmonic currents in addition to the original (fundamental 

frequency) AC current. Filters consisting of linear capacitors 

and inductors can prevent harmonic currents from entering the 

supplying system. In linear circu its having only sinusoidal 

currents and voltages of one frequency, the power factor arises 

only from the difference in phase between the current and 

voltage. This is "displacement power factor". The concept can 

be generalized to a total, distortion, or true power factor where 

the apparent power includes all harmonic components. This is of 

importance in practical power systems that contain non-linear 

loads such as rectifiers, some forms of electric lighting, electric 

arc furnaces, welding equipment, switched-mode power supplies 

and other devices. [7] 

 

4.3 Selection of S witching Equipment 

 

[A] Low Tension (LT) 

 

1. Switch-fuse units/Circuit Breakers/ Thyristors. 

 

2. Switch should be quick make and break type 

 

3. Rating of CB, contactors, fuse and cable should be ≥ 130% of 

capacitor rated current. 

 

4. For automatic switching, each step capacitor should be 

provided with fuse and contactor. 

 

[B] High Tension (HT) 

 

1. HT capacitor is connected to bus by Circuit Breaker.  

 

2. Circuit Breaker rat ing should be ≥ maximum operating 

voltage of circuit  

 

3. Continuous current rating of CB should be ≥ 135% of rated 

capacitor bank current 

 

4.4 Automatic power factor correction (APFC) 

 

A Power-factor controller is the interface between the AC line 

and utility source that receives the Power Power-factor controller 

(PFC) act as reactive power generators, and provide the needed 

reactive power to accomplish KW of work. The basic function of 

a Power-factor controller (PFC) is to create a resistive load to the 

AC source. This implies that the input current must differ from 
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the sinusoidal source voltage by only a scaling factor. Their 

waveforms must be identical, though scaled by the effective 

input resistance of the PFC, by Ohm's Law. The resulting current 

(ig) would fo llow the voltage and the power source input would 

appear resistive, in other words, form a current control loop 

driven by the input sine wave. Because the loop would require a 

bipolar range to accommodate a sinusoid, incorporation of a 

bridge rectifier at the input is to be done. The rectified sine wave 

(or sine magnitude), Og is now uni-polar (assumed positive 

going with respect to PFC ground), but is not followed by a 

storage capacitor, That capacitor is, instead, placed at the output 

of the current-loop converter. Power-factor controller (PFC) 

conceptual design provides no control over the output voltage. 

Coincidentally, it can vary for the sine magnitude input 

controlling the current, If the scale-factor is electronically 

adjusted using an analog multip lier, then it  can be implemented a 

second outer control loop to control the output voltage. This 

scheme consequently works like this. The outer voltage loop 

compares the storage-capacitor output voltage, scaled by a 

voltage divider, Hv, against the controlled voltage, set by a 

voltage reference. If too low, a voltage-loop error amplifier, Ave, 

increases its input to the mult iplier. The other input is the sine 

magnitude voltage-divided first by a fixed divider, Tg, that is 

increased in amplitude. The mult iplier output now is a larger 

sine magnitude controlling the current of the current control 

loop. 

 

4.5 Benefits of power factor correction 

 

 Reduction in KVAR Demand. 

 

 Reduction in KVA Demand 

 

 Reduction in Line Current 

 

 Avoid Power Factor penalties 

 

 Reduction in Transformer Rating 

 

 Reduction in Line loss 

 

 Reduction in Switchgear rating 

 

 Reduction in Cable / Bus – Bar Size[8] 

 

4.6 Benefits of APFC 

 

 Consistently high power factor under fluctuating loads. 

 

 Prevention of lead ing power factor 

 

 Eliminate power factor penalty  

 

 Lower energy consumption by reducing losses. 

 

 Continuously sense and monitor load  

 

 Automatically switch on/off relevant capacitors steps 

for consistent power factor. 

 

 Ensures easy user interface  

 

 Protect under any internal fault  

  

 User friendly, aesthetically designed enclosure, dust [9]  

 

4.7 TYPES OF APFC PANELS  

 

[A] LT APFC S YSTEM 

 

Reactive Power compensation system is designed to work 

automatically on LT power supply to measure , display & 

connect, disconnect the required capacitor banks through 

Thyristor /Capacitor Duty contactor with protection of MCB / 

HRC Fuses & series reactors to each bank to achieve the set 

Target power factor. Thyristor /Contactor Switched Automatic 

power factor system is the highly accurate, properly designed 

system with required creep age distance as per required 

standards. APFC System equipped with advanced, Digital 

Microprocessor based relay to measure, calculate and display all 

electrical network parameters. It accurately measures cycle to 

cycle reactive power requirement for required capacitors are 

connected to switching element / device installed in the system, 

so as required capacitors are connected / disconnected to the 

network. APFC Controllers close loop fast response multi 

method switching [MMS] algorithm helps system to have close 

& precise control on power factor.  

 

Features: 

 

 Modular Structure 

 

 Protection to each step. 

 

 Well ventilated design. 

 

 Powder coated metallic  frame structure design 

 

 Four modes of operation. 

 

 Door interlocks Facility. 

 

 Good Service Backup. 

 

Applications: 

 

 Automobile Industries, Cement Industries, Metal 

Industries. 

 

 Chemical & Fertilizer Plant, Pharmaceutical Industries. 

 

 Hospitals, Malls, Banks, IT Parks, Commercial 

Complexes. 

 

 Windmill, Power Stations, DG Stations, Crushers. 

 

 Railway / MES / Ordinance Workshops 

 

 

 



International Journal of Engineering Science  and Computing, February 2017         4493                                                                    http://ijesc.org/ 

[B] HT APFC RELAY 

 

An intelligent high speed DSP + Microprocessor Based device to 

measure, calculate, display and store all electrical network 

parameters. 

 

Voltage & Current Feedback is achieved through HT CT’s & 

PT’s. .In built Intelligent Multi Method Switching (MMS) 

Algorithm enables user to get close control on network reactive 

power requirement. Mult i Method Switching (MMS) Algorithm 

allows user to set different target power factor for Diesel 

Generators and Windmill Stations. A built in self test facility 

provided for checking calibration and operation of the relay 

without external load. The control functions even at low 

operating loads with great accuracy GB Control’s APFC 

controller find usage and applications in all segments of industry 

viz. Automobile factories, Cement Plants, Chemical & Fert ilizer 

Plants, Metal Industries etc. .The other built in features viz. Over 

Voltage Protection, Low Voltage Protection, Under Load 

Protection, Over Load Protection High Temperature etc. 

provides nonstop operation of APFC System.  

 

3] Thyristor / Contactor S witched APFC System 

 

LT APFC S YSTEM: - Reactive Power compensation system is 

designed to work automatically on LT power supply to measure, 

display & connect, disconnect the required capacitor banks 

through Thyristor /Capacitor Duty contactor with protection of 

MCB / HRC Fuses & series reactors to each bank to achieve the 

set Target power factor. Thyristor /Contactor Switched 

Automatic power factor system is the highly accurate, properly 

designed system with required creep age distance as per required 

standards. APFC System equipped with advanced, Digital 

Microprocessor based relay to measure, calculate and display all 

electrical network parameters. It accurately measures cycle to 

cycle reactive power requirement for required capacitors are 

connected to switching element / device installed in the system, 

so as required capacitors are connected / disconnected to the 

network. APFC Controllers close loop fast response multi 

method switching [MMS] algorithm helps system to have close 

& precise control on power factor. APFC Relay has memory 

storage model of capacity 45 Days on hourly basis with Rs 232 

port for communication. 

 

Features: 

 

 Modular Structure 

 

 Protection to each step. 

 

 Well ventilated design. 

 

 Powder coated metallic  frame structure design 

 

 Four modes of operation. 

 

 Door interlocks Facility. 

 

 Good Service Backup. 

 

 

Applications: 

 

 Automobile Industries, Cement Industries, Metal 

Industries. 

 

 Chemical & Fertilizer Plant, Pharmaceutical Industries. 

 

 Hospitals, Malls, Banks, IT Parks, Commercial 

Complexes. 

 

 Windmill, Power Stations, DG Stations, Crushers. 

 

 Railway / MES / Ordinance Workshops. 

 

V.  CONCLUS ION 

 

From the study of APFC panels we can conclude that the impact 

of contactor switched automatic power factor panels has been 

studied at rapidly varying and scattered loads. The target     

power factor was also improved much better from 0.88 to 

approximately 0.99 almost unity when compared to its absence, 

thus reducing the effect of high power bills and heavy penalties 

from electricity boards. 
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