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Abstract— This paper describes the power factor 

improvement of 3-phase induction motor, as improvement 

of power factor is necessary for industries & to make power 

factor as close as unity without facing penalty from 

electrical distributers. Induction motors are the most widely 

used electrical motors due to their reliability, low cost and 

robustness. For industrial and mining applications, 3-phase 

AC induction motors are the prime movers for the vast 

majority of machines. At no load induction motor has very 

low power factor. It improves at increasing load from no 

load to full load. Power factor improvement is achieved by 

using proper algorithm with sufficient capacitors are 

switched on in order to compensate the reactive power. The 

circuit in this design has been implemented and tested in the 

laboratory. 
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I. INTRODUCTION 

Power Factor (PF) is a measurement by which we can 

measure the efficiency of the electrical equipments on the 

basis of electrical energy consumption. It determines power 

quality. Power factor is generally defined as the ratio of the 

Real power (measured in Watts) to the apparent power 

(measured in VA). The classical definition of power factor 

is the cosine of the phase angle (i.e. cos Ө) between voltage 

and current. Due to reactive loads, the apparent power 

becomes greater than the real power that increases the phase 

difference between voltage and current.The ideal power 

factor is unity or one. If power factor is less than one it 

means that excess power is required to perform or achieve 

the actual work. 

A. Advantages of Power Factor Improvement: 

Advantages which can be achieved by employing proper 

power factor correction scheme are: 

 Reduction of electricity bills.  

 Extra KVA available from the existing supply.  

 Reduction of I
2
R losses in transformers and 

distribution equipment.  

 Improves Voltage Drop.  

 Extended equipment life- reduced electrical burden 

on cables and electrical components. 

 Avoid Penalty for Low Power Factor.  

B. Idea to Improve Power Factor: 

The basic idea for Power factor correction of a motor or 

circuits we have to connect a capacitor in parallel with the 

device which having low power factor. One of traditional 

method for power factor correction is static type 

compensation in which static type capacitors are used for 

power factor correction. However, in this case care should 

be taken when applying power factor correction star/delta 

type control so that the capacitors should not subjected to 

rapid ON-OFF conditions.  

C. Working of Capacitors: 

 

Fig. 1: Power Triangle 

By representing active power & reactive power at sides of 

right angle we can determine the apparent power from the 

right triangle rule: (KVA)² = ( KW)²+ (KVAR)² To reduce 

the KVA, total current requirement for any given load, one 

must have to shorten the line that represents the KVAR. 

This is precisely what capacitors do. The ratio of actual 

power to apparent power is usually expressed in percentage 

and is called power factor. 

                
  

   
 

II. METHODS OF POWER FACTOR CORRECTION (PFC) 

A. Static Compensation: 

In this method, for power factor improvement static 

capacitors are connected in parallel with the device which 

works on low power factor. These static capacitors provide 

leading current which eliminates lagging component of load 

current and improves power factor.  

B. Synchronous Condenser: 

When a synchronous motor operates at no load and at over 

excited condition then it is called synchronous condenser. 

When a synchronous condenser is over excited then it 

provides leading current and works like capacitor. When a 

synchronous condenser connected across supply then it 

provides leading current and partially eliminates reactive 

component and thus improves power factor. 

C. Automatic Power Factor Correction Scheme: 

In my project, I have used a technique which is called 

automatic power factor correction. This system is based on 

technique of continuous monitoring of the systems 

parameters such as voltage and current with the use of 

potential transformer and current transformer respectively. 

Through continuous monitoring phase difference between 

the two quantities will be calculated continuously and 
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depending upon phase difference correspondingly suitable 

amount of capacitors will be switched on or off in the 

system in order to improve power factor as close as unity. 

As there is no moving part in capacitors hence switching 

losses are less as compare to that of static compensation also 

no extra motor is required for power factor correction and 

hence cost is much less as compare to that of power factor 

correction by synchronous condenser technique. 

III. BLOCK DIAGRAM AND SCHEMATIC DIAGRAM 

A. Main Components: 

The main components used in this scheme for   automatic 

power factor correction using PSoC3 microcontroller 

includes following components: 

1) Potential transformer (PT) & current transformer 

(CT). 

2) Zero Cross Detector. 

3) PSoC3 Microcontroller. 

4) Relay  

5) Capacitor Bank  

6) Power Supply 

B. Functional Block Diagram: 

A Power Factor Correction scheme is presented for three 

phase low power factor loads. This new scheme measure the 

angle between the voltage of Y and B phase and current of 

R phase, this will give us a sin θ relation. Also from the 

voltage of YB phase and current of R phase we calculate 

reactive and active power in KVAR and KWA of the 

system. From these parameters it is easy to estimate the 

required power factor. The scheme involves the application 

of bank of capacitors controlled by a micro-controller such 

as PSoC3 to balance the phases and correct the power factor 

to higher values. 

 
Fig. 2: Block Diagram of System 

C. Description of PSoC3 Microcontroller (CY8CKIT-030 

Development Kit) : 

With its unique array of configurable blocks, PSoC® 3 is a 

true system level solution providing microcontroller unit 

(MCU), memory,analog, and digital peripheral functions in 

a single chip.“PSoC” is an application related review of 

programmable array systems, the system-on-chip. Cypress's 

PSoC Creator software is a state-of-the-art, easy-to-use 

integrated development environment (IDE) that introduces 

ahardware and software design environment based on 

classic schematic entry and revolutionary embedded design. 

The CY8CKIT-030 PSoC3 Development Kit is based on the 

PSoC3 family of devices. PSoC3 is a Programmable 

System-on-Chip™ platform for 8- and 16-bit applications. It 

combines precision analog and digital logic with a high-

performance CPU. 

1) Features: 

 Single cycle 8051 CPU core. 

 Flash program memory, up to 64 KB, 100,000 

write cycles,20 years retention, and multiple 

security features 

 Low voltage, ultra-low power 

 Wide operating voltage range: 0.5 V to 5.5 V 

 Versatile I/O system: 28 to 72 I/O (62 GPIOs, eight 

special input/outputs (SIO), two USBIOs). 

 Any GPIO to any digital or analog peripheral 

routability. 

 LCD direct drive from any GPIO, up to 46×16 

segments. 

 Library of standard peripherals. 

 8, 16, 24, and 32 bit timers, counters, and PWMs. 

 Serial peripheral interface (SPI), universal 

asynchronoustransmitter receiver (UART), I2C. 

2) Programming Software:- 

PSoC Creator is a successful design tool allows for the rapid 

development and deployment of both simple and complex 

designs. It reduces or eliminates any learning curve. It 

makes the integration of a new design into the production 

stream straightforward.  

PSoC Creator is a full featured Integrated 

Development Environment (IDE) for hardware and software 

design. It is optimized specifically for PSoC devices and 

combines a modern, powerful software development 

platform with a sophisticated graphical design tool. This 

unique combination of tools makes PSoC Creator the most 

flexible embedded design platform available. 

IV. METHODOLOGY 

The proposed work can be explained with the help of 

following main parts: 

A. Zero Crossing Detector (ZCD): 

 
Fig. 3: Zero Crossing Detector 

The current and voltage signal are measured from the main 

AC line by using Current Transformer and Potential 

Transformer respectively the output of these CT and PT’s 

are given to Op-Amp LM 339 the combination of potential 
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transformer and OP-Amp forms zero cross detector (ZCD 

PT) also combination of current transformer and OP-Amp 

forms zero cross detector (ZCD CT) these zero cross 

detectors individually converts both current and voltage 

waveforms to square wave and detects zero crossing of 

voltage and current. 

B. Operation of Relay: 

If PSoC3 microcontroller output is high then transistors 

turns ON, establishing sufficient current through the coil of 

the electromagnet to close the relay and capacitor will be 

connected parallel to the load. Problem can now develop 

when the microcontroller signal is removed from the base to 

turn off the transistor and de-energize the relay. Trying to 

change the current through an inductive element too quickly 

may result in an inductivekick that could damage 

surrounding elements or thesystem itself. This destructive 

action can be subdued by placing a diode across the coils 

shown in Fig.4. During the ON state of transistor, the diode 

is back-biased; it sits like an open circuit and doesn’t affect 

a thing. However, when the transistor turns off the voltage 

across the coil will reverse and will forward-bias the diode, 

placing the diode in it’s ON state. The current through the 

inductor established during the on state of the transistor can 

then continue to flow through the diode, eliminating the 

sever change in current level. The diode must have a current 

rating to match the current through the inductor and the 

transistor when in the ON state. Thus the capacitor is 

connected parallel across the load by relay without any 

hazard. 

 
Fig. 4: Relay Circuit 

C. The Capacitors- Bank: 

When power factor improvement capacitor banks are 

designed and arranged properly, the PF correction scheme 

becomes efficient. The capacitor bank is comprised of 

individual capacitor elements. The individual capacitors for 

PF correction applications may be metal-enclosed oil-filled 

ordry units (epoxy filled in a plastic case), and should be 

capable of working over the temperature range of up to 

+70
0
C. Some salient features of PF correction capacitor 

banks are: extremely high reliability with self-healing 

capabilities; capable of controlling the requirement of 

KVAR’s to achieve PF as close as unity; compact, efficient 

and long service life; protected against over-voltage, over-

current, over temperature, switching surges and harmonics. 

The actual capacitor values in farads of a capacitor bank can 

be calculated using the following equation. 

  
   

      
 

Where, VAR=capacitor unit’s VAR rating; C= 

Capacitor (Farads); f = frequency (Hz or Cycles/Second); 

VR=Capacitorunit’s rated voltage.  

D. Motors Parameters: 

A 3-phase squirrel cage induction motor having a technical 

specification given Table 1. 

Type Squirrel Cage 

Connection Type Δ 

Input Voltage 415 VAC 

Input Current 7.6 A 

Rated Power 3.7 KW 

Rated Speed 1440 rpm 

Input Frequency 50 Hz 

Table 1: Induction Motor Technical Specifications: 

V. OBSERVATION TABLE 

A. Before Automatic Power Factor Correction Circuit 

Insertion: 

The below table shows power factor of Induction motor 

Drive before APFC circuit insertion under various loading 

condition. 

Load 
W 

(Watts) 

V 

(Volts) 

I 

(Amps) 
P.F 

No Load 500 440 4.1 0.235 

0.2 KW 1400 440 4.4 0.615 

0.5 KW 2500 440 5 0.656 

Table 2: Before Automatic Power Factor Correction Circuit 

Insertion 

B. After Automatic Power Factor Correction Circuit 

Insertion: 

The below table shows power factor of Induction motor 

Drive after APFC circuit insertion under various loading 

condition. 

Load 
W 

(Watts) 

V 

(Volts) 
I (Amps) P.F 

No Load 500 440 2.1 0.890 

0.2 KW 1300 440 3.6 0.960 

0.5 KW 2400 440 3 0.980 

Table 3: After Automatic Power Factor Correction Circuit 

Insertion 

VI. RESULT 

Comparative observation of Power factor of Induction 

Motor Drive before APFC circuit insertion and After APFC 

Circuit insertion as shown in following Table: 

Load 
P.F 

(Before APFC Circuit) 

P.F 

(After APFC Circuit) 

No Load 0.235 0.890 

0.2 KW 0.615 0.960 

0.5 KW 0.656 0.980 

Table 4: Result 

Before insertion of APFC circuit Power factor of 

induction motor at no load is observed as 0.235, while after 

insertion of APFC circuit power factor gets improve to 

0.980. 
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VII. CONCLUSIONS 

This paper deals with advance method of power factor 

correction for three phase system by using PSoC3 

microcontroller. As Switching of capacitors are done 

automatically hence we get more accurate result, Power 

factor correction techniques makes system stable and due to 

improvement in power factor its efficiency also increases. 

Power factor correction scheme can be applied to industries, 

power systems as well as in house hold purpose. By using 

PSoC3 multiple parameters can be controlled and the use of 

extra hardware such as timer, RAM, ROM and input output 

ports reduces.  
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