A
PROJECT REPORT
ON
AUTOMATIC POWER FACTOR CONTROLLER


DEPARTMENT OF ELECTRICAL ENGINEERING


INTRODUCTION
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                                   In view of constantly rising power tariff & penalties imposed by the State Electricity Boards / Utility companies, it is imperative for any HT & LT Industry / Consumer to install an automatic power factor controller system for curtailment of Power Factor penalty and also to Save Energy by consistently maintaining higher power factor. Low Power Factor leads to poor power efficiency, thereby increasing the apparent power drawn from the distribution network. These results in overloading of Transformer, Bus bars, Switch gears, Cables and other distribution devices within the Industry or consumer area. An APFC is the most accurate way to correct a system’s power factor. They are ideal for distribution. Which have fluctuating load and distribution with numerous motors and APFC centralized system solution, eliminating individual motor capacitors scattered throughout a facility and their associated costly maintenance.

POWER QUALITY
In the present Low voltage (LV) industrial distribution system the power factor maintenance and harmonics control are the most critical issues to ensure acceptable power quality, and hence demands at most concern at consumers end to maintain a stable power system.

POWER FACTOR 

The cosine angle between voltage and current in AC circuit is known as “Power Factor”. In AC circuit, there is generally a phase difference ᵩ between voltage and current. The term cosᵩ is called the power factor of the circuit. If the circuit is inductive, the current lags behind voltage and power factor is referred to lagging. However in capacitor circuit, current leads the voltage and power factor is said to be leading. Most of the industrial loads e.g. motor and transformers are inductive in nature and the power factor will be in the lagging side. Adequate reactive compensation is required at the consumer end to improve the power factor and effectively utilize the allotted Maximum demand. In a highly volatile load environment the reactive requirement of the loads is of variable nature and needs a dynamic & reliable reactive power compensation system to maintain the power factor and to control the Real power (KVA). To maintain the power factor generally fixed capacitors are installed in industries at various load centers balanced to the connected load level. In the fixed compensation system the amount of capacitors (kVAR) connected in the system will be always constant irrespective of the load variations. In such conditions the power factor maintenance is highly difficult in the ambience of variable load pattern and the overall plant power factor will tend to be lagging or leading. The leading power factor (I.e. excessive capacitors than the requirement) in the system will result in an excessive rise in the transient voltage during switching of loads and leads to insulation failures in the equipment and generates harmonic oscillations.


How does an APFC work?
                         An APFCU / FAPFCU works by constantly monitoring the load on a facility and connecting or disconnecting capacitive kVAr in order to maintain a preset target power factor. The kVAr within an APFCU / FAPFCU is divided into groups, which are called steps.  Each step includes capacitors, a contactor, HRC fuses, an inrush current limiter (in APFCU) or a filtering reactor (in APFC). The brain of an APFCU / FAPFCU is the controller.  It receives the plant load information from a current transformer which is located on the main bus bar, determines if any changes are required to maintain the target power factor, then adjusts the number of steps connected accordingly.


TECHNICAL SPECIFICATION FOR 600V AUTOMATIC POWER FACTOR CORRECTION BANKS:

1) Equipment Size / Ratings :
                                     System operating voltage (line-to-line): 600V, 3 phase, 60Hz.  Capacitors shall be rated minimum 690V to protect against current and voltage overload due to harmonic distortion.

Total kVAr required at system voltage at present:                	

Total kVAr required at system voltage for future:                 

Total bank to be switched in               kVAr steps.


2) Capacitors:
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                          Individual capacitors shall be CSA and UL approved, 3 phases, gas or oil filled under vacuum, and of a self-healing design utilizing a low loss metallised polypropylene film dielectric system with a pressure sensitive circuit interrupter.  Metallised paper is not acceptable.  Capacitor casing shall be of a seamless aluminums design.  Electrical losses shall be less than 0.25w/kVAr.  Dielectric fluid shall be high flash point, biodegradable, non-toxic and contain no PCB’s.  Capacitors shall include internal fusing for short circuit protection to 10kA, and include grounding / mounting stud at the bottom of the capacitor cell for easy replacement. Capacitors shall be rated for a minimum of 130% continuous current overload and 110% continuous voltage overload based on the 690 Volt rating of the capacitors.  Individual capacitor cells shall not exceed 25 kVAr at the system voltage to keep replacement costs at a minimum. Capacitors shall be suitable for -40oC to +60oC ambient temperature. Dry type capacitors and / or capacitors without a pressure sensitive circuit interrupter are not acceptable.

3) Discharge Resistors :
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                                  Adequate discharge resistors shall be provided for each capacitor cell to reduce the voltage to 50 Volts or less in one minute after disconnection of supply voltage.

4) Inrush Current Limiters:
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                             Inrush current limiters shall be included for each step in the capacitor bank assembly.  Inrush current limiters shall be three phase iron core type.  Inductance shall be a minimum of 8 H per phase.  Contactors equipped with pre-charge coils are an acceptable alternate to three phase iron core inrush current limiters.

5) Harmonic Filtering Reactor:
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                                     Multiple tuning frequencies as required for meeting the guidelines are acceptable. Harmonic filtering reactors shall be three phase iron core complete with one “+” tap and one “-” tap per phase for field adjustment of inductance.   Reactor insulation shall be rated at 220oC.  The maximum temperature of the reactor at maximum continuous rms amperage shall be no higher than 145oC with a 45oC ambient.  Reactor maximum continuous rms amperage shall be sized to match the maximum continuous RMS amperage of the capacitors.  The minimum reactor Q factor shall be 90.
                                    Reactors shall be equipped with snap action thermostats which trip at 145oC and are wired to a monitoring system which switches off and locks out the associated contactor for the overheated reactor.  An LED shall indicate which step has the overheated reactor.  A pushbutton reset located on the door shall reset the alarm. In no case shall the harmonic filtering reactor size exceed 75 kVAr at the system voltage to allow for ease of replacement. The successful manufacturer shall be prepared to provide documentation showing the minimum capacitor voltage required to avoid overload due to import and export harmonics.  This information may be required immediately following receipt of an order.

6) Contactors :
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                                       Contactors shall be 3 phase, IEC rated, and rated for capacitor switching duty.  Contactors must be capable of switching 135% of the nominal amperage of the capacitors being switched.  For units equipped with harmonic filters the contactors shall be capable of switching the maximum continuous RMS amperage rating of the capacitors.  Contactors with pre-charge coils are acceptable.  Contactor coils shall be 120 Volt, 60 Hz.


7) HRC Fusing :
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                                  3 HRC fuses shall be included for each contactor.  HRC fuses shall have a minimum interrupting rating of 200 kA.  Fast acting fuses shall be sized for at least 180% of the nominal amperage of the capacitors to prevent clearing on inrush.  Time delay / dual element fuses shall be sized for a minimum 140% of the nominal amperage of the capacitors.

8) Digital Microprocessor Controller :
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                                  The digital microprocessor controller shall be a minimum 12 step controller, which includes the following features:
a) Adjustable target power factor from 0.85 lagging to -0.95 leading
b)	Circular or linear switching modes
c)	Automatic or manual switching of steps
d)	Switching ratios of 1:1:1:1:1, 1:1:2:2:2, 1:1:2:2:4, 1:1:2:3:3, 1:1:2:4:4, 1:1:2:4:8, 1:2:2:2:2, 1:2:3:3:3, 1:2:3:4:4, 1:2:3:6:6, 1:2:4:4:4, 1:2:4:8:8
e)	Switches up to 12 steps for each switching ratio 
f)	Option of selecting switched steps as fixed steps
g)	Adjustable capacitor current to current transformer ratio (c/k value or sensitivity) from 0.025A to 1.5A.

h)	Selectable switching on and off delays of 10, 30, 60, 120, 180, 300, and 500 seconds and an option to have the controller automatically adjust the switching on and off delay between 2-500 seconds as a function of reactive load.
i)	Selectable reswitching blocking delay of 20, 60, 180, and 300 seconds
j)	Choice of automatic, semi automatic or manual determination of CT ratio and position, c/k ratio, step switching ratio, and step quantity.
k)	Memorization of CT position after the first start-up in automatic start-up mode.
l)	Measuring voltage range of 58 - 690 Volt without potential transformer
m)Displays capacitor step current based on CT ratio without having to use multipliers
n)	Displays fundamental and RMS current on the main bus bar without having to use multipliers 
o)	Displays individual harmonic current distortion on the main bus bar for the 3rd, 5th, 7th, 11th, 13th, and 17th  harmonics
p)	Temperature sensor adjustable from 25 to 50oC.
q)	Alarm relay for temperature above set point, individual harmonic current distortion above set point, total harmonic current distortion above set point, power factor below target set point, measuring voltage missing, excessive CT secondary current, CT secondary current too low.
r)	Selectable step switching feature in alarm conditions which provides anti-resonance features
s)	Selection of activation or deactivation of individual alarms.
t)	Display shows symbols for alarms when in alarm status and dry alarm contact closes in alarm condition

u)	No voltage release switches out all capacitors in case of interruption of supply voltage
v)	Monitors and displays quantity of individual step operations for determining contactor wear.
w)	Displays a fault when any step current is reduced to zero indicating faulty step components.
x)	Communications via RS232 as a standard with price adder for RS485 MODBUS RTU using DOS or Windows software
y)	Key board locking feature to prevent unauthorized tampering
z)	Watchdog continuously monitors processor and indicates a fault if the processor malfunctions.

9) Split Core Current Transformer :
                                    A split core current transformer of adequate size, ratio, and burden shall be supplied.

10) Termination :
                                    A suitably sized three phase terminal block shall be provided for feeder termination.  Ground terminals shall be provided for ground wire termination. 
Feeder Cable Entry Location:	               	
Feeder Cable Size:		                           per phase



AUTOMATIC POWER FACTOR CORRECTION SYSTEM





Connection and disconnection of the capacitor to and from the network occurs is zero current crossing, this smooth connection avoids the transient effect like waveform distortion, generation PF switching spikes etc. Typically created by electro-mechanically switched power factor correction systems. The total correction time is only 3 to 4 cycles which is much faster than electro mechanically switched PFC systems. State of the art electronics switching using thyristor to replace electro-mechanically switching equipment in power factor correction systems.  The power factor is controlled accurately and on real time basis. This electronic switching technology is design to overcome all the deficiencies of electro mechanically switching of capacitor.


FEATURES :
· Avoid waveform distortion since capacitors are connected and disconnected during ‘zero current crossover’.
· System equipped with detuned reactor to limit inrush current which may developed in capacitor during power up and prevent resonance by shifting the I-C network resonance frequency below the first dominate harmonics.
· Sate of art capacitor switching allows compensation of the reactive power of any load of equipment within 20 to 80 millisecond.
· High speed transient free PF correcting system using thyristor in switching elements.

TYPES OF MODELS:
1) Basic Model Systems : Includes reactors to limit the inrush current
2) Detuned Model System : Includes iron reactor that detuned the network to prevent resonance and absorb harmonics.
3) Tuned Model System : Individual phase are separately corrected, line to line to neutral.

THYRISTOR SWITCHING MODULE
The solid state switching modules are design to work satisfactorily in Indian industrial environment and are a result of extensive research. It comprise of solid-state devices, giving reliable and transient free unlimited operation.

IRON CORE REACTOR MODULE
The systems includes custom designed iron core reactor in series with capacitor .The reactor are constructed with laminated low hysteretic loss iron core, having class F insulation. Detuned reactors prevent resonance by shifting the L-C network resonance frequency below the first dominates harmonic.
Tuned reactor is also available on request to absorb most unwanted harmonics.



CAPACITOR MODULE
The capacitor is low loss MPP in cylindrical aluminum casing. The MPP capacitor is a metalized poly propylene film capacitor with self heating properties and an over pressure tear off fuse. Capacitor elements for 400v network are rated 440v+10% for detuned reactor respectively, to cope with harmonics and over voltages.  
The capacitors are connected during zero current crossing, in order to reduce high inrush current and to ensure extended period of operating time of capacitors.

POWER FACTOR CONTROLLER
The controller is truly intelligent device designed for fast response to the system which is used to compensate any variation in the reactive power within 20 to 80 millisecond. Communication interface, audio-visual alarm, displaying & recording, various system parameters at specified interval are available are available optionally.
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