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Abstract---This paper presents an application of 

Programmable Logic Controller (PLC) for power factor 

improvement of a 3-phase induction motor. The 

implementation    incorporates development of the hardware 

and software for power factor improvement of a 3-phase 

squirrel-cage induction motor. The hardware comprises of 

power-circuit and control-circuit equipped with protective 

devices whereas software includes PLC program developed 

under the IEC-61131-3 standards. The process includes 

switching of capacitor-banks through digital output of the 

PLC in a proper logic. The addition of capacitors to the 

motor circuit introduces capacitive reactance into the system 

circuit. This capacitive reactance offered to the motor 

equivalent circuit compensates the inductive reactance of the 

motor and thereby, improves the power factor of the system. 

I. INTRODUCTION 

In past few decades, a considerable development in control 

devices has made technology quite easy to use. One of them 

is Programmable Logic Controller has a great use in 

industrial automation. Several applications such as control 

of electrical machines, distribution networks, manufacturing 

and process industries, etc. employs PLC as an automated 

and efficient means. Many  factories  use  PLCs in 

automation processes to reduce  the  production  cost  and  

to  enhance  quality and reliability [1]-[6].To obtain accurate 

industrial system ,the use of PLCs interfaced with working 

system and computers, and other electric components are 

greatly appreciated [7]-[9]. 
Induction motors are mostly used in manufacturing 

industries. This is because of simplicity, rugged 

construction, easy maintenance and less cost [10].So, their 

maintenance and protection against failures need a great 

attention [11].Traditional techniques employs some 

combination of mechanically operated and electrical devices 

such as contactors,electromechanical switches and relays 

,thermal relays, over current relays, over/under voltage 

relays. These equipments have mechanical parts, thereby 

possessing very low response time as compared to 

electronic/microprocessor-based equipments.In terms of 

economic consideration, cost of the digital hardware 

decreases whereas the cost of classical hardware 

components increases [12]-[14].Latest trends and diagnosis 

methods support microprocessor,computer,artificial 

intelligence-based system as a much better for control and 

protection purposes of the induction motor.PLC is basically 

based on microprocessor and computer based system. A 

very fine designed microprocessor-based system can be 

termed as a PLC module which can be used for better 

control operations. Apart from a controlling device, PLC 

can be also used for protection purpose for induction motor. 

The implementation of PLC to an existing system reduces 

hardware circuit and make the controlling and protection 

operations much easier. If any change in hardware 

connections and configuration are needed it do not require to 

disturb the hardware, only changes required in software 

programming.PLC programming is basically a logic-based 

algorithm for controlling a step-wise sequence of operations. 

Many of the electrical applications require need the 

supply of capacitive VAR to improve the power factor[15]-

[22].Some of these uses  induction motor to  drive element 

with repetitive loads. So requirement for improving the 

power factor becomes quite significant [15].Furthermore, 

electrical system with low power factor results in increase of 

energy cost and reduction in system capacity. Hence the 

power factor improvement is a challenging task in any 

industrial process [15]-[24]. The most effective way to 

improve power factor is use of capacitors in the working 

circuitry. The capacitors provide capacitive reactance for the 

compensation of  inductive reactance of the circuit. A on-

line process is carried out for switching on or/and off a set 

of capacitors sized in binary ratio with the help of protective 

relays and PLC. The control strategy is mainly selecting the 

binary pattern to switch the appropriate capacitors through 

protective relays. 

II. HARDWARE DESCRIPTION 

The proposed PLC-based system for power factor 

improvement shown in Fig.1 comprises a Micro-810 PLC 

for controlling digital inputs-outputs, and 3-phase squirrel 

cage induction motor coupled with a dc generator and 

capacitors-bank equipped with protection relays and 

contactor. Apart from these elements, phase angle 

transducer being used to sense the phase shift between the 

phase voltage and phase current for the three phases. And 

also A/D converter for converting the output signal from 

phase angle transducer into digital outputs is used. The 

output of the transducer being an analog quantity cannot be 

given directly to the inputs of PLC as the Micro-810 has 

only digital I/O module. So, firstly it is      required to 

convert phase angle transducer output to a digital quantity. 

 Induction motor A.

The PLC is implemented for a 3-phase squirrel cage 

induction motor having a technical specification given in 

Table I. The induction motor drives a dc generator which 

supplies a resistive load. The three-phase supply is 

connected to three-phase 4-wires main switch. 

 The Protection devices B.

Protection devices comprises of protection relays and 

contactor. The set-up required three 4PDT protection relays 
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connected each connected between a phase and neutral. And 

four capacitors is connected to each relay. Contactor is 

connected between the three-phase supply and neutral as 

shown in Fig.1.Ratings of contactor and relays are given in 

table II.   

 The Capacitors-bank C.

The set-up required three set of capacitors-bank each 

connected between each phase and neutral. In each 

capacitors-bank there are four capacitors sized in binary 

ratios.viz, 10, 20, 40, 80µF.These capacitors come into act 

by activation of the relays. The relays are activated by 

output of PLC.   

 The PLC and Programming software D.

The Micro-810 PLC belongs to Micro-800 Programmable 

Controller family. It has 12 pt versions, with 8A relay-based 

output and features embedded smart relay function bocks 

that can be configured from a 1.5’’LCD and keypad. 

Programming can be done through a program download via 

USB Adapter programming port using Connected 

Components Workbench software. The software supports 

three standard IEC programming languages viz.ladder 

diagram, function block diagram and structure text. The 

features of Micro-810 PLC are given in Appendix. 

 The Phase angle transducer and A/D converter E.

The phase angle transducer measures power factor. It takes 

phase current and phase voltage as inputs to measure the 

phase shift between these two inputs. It gives an output 

voltage of 15V dc which then reduced to 5V dc. The output 

voltage of the transducer is proportional to the phase angle 

between phase current and phase voltage. The reduced 

analog output voltage of 5V is given as an input to a 8-bit 

A/D converter. The digital outputs from A/D converter are 

then given to the inputs of PLC as control signal to get 

required power factor. 

 
Fig. 1:  The Hardwar circuitry 

Type Squirrel cage 

Connection type ∆/Y 

Input voltage 230/415 V ac 

Input current 1.5/0.9 A 

Rated power 1.5 kW 

Rated speed 1500 rpm 

Input frequency 50 Hz 

No. of poles 4 

Table 1: Induction Motor Technical Specifications 

Relays Type Input 

coil voltage 

Output 

load 

voltage 

Current 

4PDT 24V dc 230V ac 10A 

Contactor 3-phase, 

4-wires, 

4 NOs 

230V ac 690V ac 10A 

Table. 2: Protection Relays And Contactor Ratings 

III. CONTROL SCHEME  

The control scheme employs a PLC module to switch on/off 

three 4PDT relays connected in each phase. Four capacitors 

sized in a binary ratio (10, 20, 40, 80µF) are connected to 

each NO pt of each relay. Capacitors are switched on as per 

inputs of PLC and program logics. Ladder logic program is 

built for the logic to switch on/off the PLC outputs. The 

PLC outputs activation depends upon the status of PLC 

inputs and the logic program downloaded the PLC. 

Computer is used to develop logical programs and it is 

downloaded to the PLC through communication interface 

module. The control pattern is given in Table 3. 

PLC INPUT 

PATTERN 

PLC  OUTPUT 

PATTERN 
C 

(µF) 
I-0 I-1 I-2 I-3 O-0 O-1 O-2 O-3 

0 0 0 0 0 0 0 0 0 

0 0 0 1 1 0 0 0 10 

0 0 1 0 0 1 0 0 20 

0 0 1 1 1 1 0 0 30 

0 1 0 0 0 0 1 0 40 

0 1 0 1 1 0 1 0 50 

0 1 1 0 0 1 1 0 60 

0 1 1 1 1 1 1 0 70 

1 0 0 0 0 0 0 1 80 

1 0 0 1 1 0 0 1 90 

1 0 1 0 0 1 0 1 100 

1 0 1 1 1 1 0 1 110 

1 1 0 0 0 0 1 1 120 

1 1 0 1 1 0 1 1 130 

1 1 1 0 0 1 1 1 140 

1 1 1 1 1 1 1 1 150 

Table. 3:  Control scheme for switching of capacitors 

IV. PROGRAMMING FOR THE CONTROL SCHEME 

The ladder logic programming being used in the experiment 

to achieve the desired input-output pattern of the control 

scheme. The flowchart and program for the employed 

control scheme is indicated in Fig.2, 3. 

 
Fig. 2: The flowchart 
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Fig. 3: The ladder logic program 

V. EXPERIMENTAL RESULT 

PLC has been used improve the power factor by switching 

capacitors of different values in the prescribed control 

scheme. The result shows per phase values of currents, 

voltage, power, power factor, motor speed and torque given 

in Table IV.The result shows how the power factor goes on 

improving by compensation of motor equivalent inductive 

reactance Xeqv by addition of capacitors-bank C to the 

motor equivalent circuit as in Fig.4.The speed and torque 

characteristics of the motor is quite satisfactory, given in 

Fig.5, 6. 
 

 

 

C 

(µF) 

Va 

(V) 

Ia 

(A) 

Ica 

(A) 

ILa 

(A) 

P 

(KW) 

Q 

(KVAR) 
pf 

w 

(rpm) 

T 

(Nm) 

0 239.60 35.87 0 35.87 6.59 5.51 0.767 1451 4.45 

10 239.60 35.37 0.78 35.87 6.59 5.32 0.778 1455 4.45 

20 239.60 34.89 1.56 35.87 6.59 5.11 0.789 1459 4.45 

30 239.60 34.42 2.34 35.87 6.59 4.95 0.799 1464 4.45 

40 239.60 33.96 3.12 35.87 6.59 4.76 0.810 1468 4.45 

50 239.60 33.51 3.90 35.87 6.59 5.58 0.821 1473 4.45 

60 239.60 33.08 4.68 35.87 6.59 4.39 0.832 1476 4.45 

70 239.60 32.65 5.46 35.87 6.59 4.21 0.843 1478 4.45 

80 239.60 32.24 6.24 35.87 6.59 4.02 0.853 1483 4.45 

90 239.60 31.85 7.02 35.87 6.59 3.84 0.864 1487 4.45 

100 239.60 31.47 7.80 35.87 6.59 3.66 0.875 1489 4.45 

110 239.60 31.10 8.58 35.87 6.59 3.46 0.885 1491 4.45 

120 239.60 30.75 9.36 35.87 6.59 3.28 0.895 1494 4.45 

130 239.60 30.42 10.14 35.87 6.59 3.10 0.905 1497 4.45 

140 239.60 30.10 10.92 35.87 6.59 2.91 0.915 1498 4.45 

150 239.60 29.80 11.70 35.87 6.59 2.73 0.924 1500 4.45 

Table. 4: Experimental result 

 
Fig. 4: The motor equivalent circuit 

 
Fig. 5: Speed characteristics of motor 

 
Fig. 6: Torque characteristics of motor 

VI. CONCLUSION 

Implementing a PLC to an induction motor has resulted in a 

well automated way for improving power factor based on 

the strategy of the article. The interfacing of different 

components of the set-up to PLC has provided a self-

diagnostic means by checking and observing the status of 

inputs and outputs of the PLC in an automotive way. The 
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experiment demonstrated a fine control of capacitive VAR 

for improvement of the power factor. 

Appendix 

controller            2080-LC10-12QWB 

inputs Digital                          8 

 Analog                           - 

 Ratings voltage 24V dc 

  current 1.6 mA 

outputs Digital                           4 

 analog                            - 

 ratings voltage  24v dc 

  current   8A 

software connected components workbench 

program steps 2 KB 

data 4 KB 

IEC 61131-3 

languages 

ladder diagram, function block, 

structure text 

Floating point 

math 

32-bit and 64-bit 

communication 

interface 

2080-USB adapter 

Table. 5: The features of Micro-810 PLC used in the article: 

REFERENCES 

[1] A. Hossain and S. M. Suyut, “Monitoring and 

controlling of a real time industrial process using 

dynamic model control technology,” in Proc. IEEE Ind. 

Applicat. Soc. Workshop on Dynamic Modeling 

Control Applications for Industry, 1997,pp. 20–25. 

[2] K. T. Erickson, “Programmable logic controllers,” 

IEEE Potentials, vol. 15, pp. 14–17, Feb./Mar. 1996. 

[3] B. Maaref, S. Nasri, and P. Sicard, “Communication 

system for industrial automation,” in Proc. IEEE Int. 

Symp. Industrial Electronics, vol. 3, 1997, pp. 1286–

1291. 

[4] A. Mader and H. Wuper, “Timed automation models 

for simple programmable logic controllers,” in Proc. 

11th Euromicro Conf. Real-Time Systems, 1999, pp. 

106–113. 

[5] J. Marcos, E. Mandado, and C. M. Penalver, 

“Implementation of fail-safe control systems using 

programmable logic controllers,” in Proc. IEEE/IAS 

Int. Conf. Industrial Automation and Control, 1995, pp. 

395–400. 

[6] Z. Futao, D. Wei, X. Yiheng, and H. Zhiren, 

“Programmable logic controller applied in steam 

generators water levels,” in Proc. IEEE/IAS 31
st
 Annu. 

Meeting Conf. Rec., vol. 3, 1996, pp. 1551–1556. 

[7] D. P. Eng, “Diesel generation control system 

modernization,” in Proc. IEEE Can. Elect. Comput. 

Eng.Conf. Rec., vol. 1, 1998, pp. 125–128. 

[8] J. J. Harris, J. D. Broesch, and R. M. Coon, “A 

combined PLC and CPU approach to multiprocessor 

control,” in Proc. 16th IEEE/NPSS Symp.Fusion 

Engineering, vol. 2, 1995, pp. 874–877. 

[9] T. Krairojananan and S. Suthapradit, “A PLC program 

generator incorporating sequential circuit synthesis 

techniques,” in Proc. IEEE Asia-Pacific Conf. Circuit 

and Systems, 1998, pp. 399–402. 

[10] M.Peltola, ‘‘Slip of AC induction motors and how to 

minimize it,’’,ABB Drives Press Releases Technical 

Paper,2003,pp. 1-7,ABB Berlin.             

[11] I. Colak, R.Bayindir,A.Bektas,I.Sefa and G.Bal, 

“Protection of induction motor using PLC,” Powereng 

2007,Apr. 12-14,2007,Setubal,Portugal. 

[12] I. Colak, H. Celik, ˙I. Sefa, and S. Demirbas, “On line 

protection system for induction motors,” Energy 

Convers. Manage., vol. 46, no. 17, pp. 2773–2786, 

2005.  

[13] W.A.Farag ,MI.Kamel, “Microprocessor-based 

protection system for three-phase induction motors,” 

Elecrtic Machines and Power Systems,vol.27, 

1999,pp.453-464. 

[14] M.Cunkas, R.Akkaya,A.Ozturk,“Protection of AC 

motors by means of 

microcontrollers,”MediterraneanElectrotechnical 

Conference,Melecon,2000,Nicosia,Cyprus,3,pp.106-

114. Machines and Power Systems,vol.27, 

1999,pp.453-464. 

[15] W.C.Bloomquist and W.K.Boist, “Application of 

capacitors for pf improvemnt of induction motor,” 

A.I.E.E. Trans. PAS,pp.274-278,1945. 

[16] T.Miller and A.O. Itrogge, “Reactive compensation and 

the electric arc fumace”, IEEE Conf. Rec. IAS Annual 

Meeting,1981,pp.801-808. 

[17] S.R.Doradla and B. K.Patel, “A thyristor reactive power 

compensator for fast varying induction loads ”, Int. 

Joumal of Electronics, pp.763-777,1981. 

[18] M.A. El-Shirkawi, S.S.Venkata, T.J.Williams, and N.G. 

Butler, “An adaptive p.f. Controller for thme phase 

induction Generators’’,IEEE 

Trans.PAS,vol.104,pp.1825-1831,1985. 

[19] D.Burrow and A. Wu,“On-Line utility tie power factor 

control”, Pulp and Paper Industry IEEE Technical 

Conference, pp. 394,1996. 

[20] A.Cali,A.Irrera,N.Leotta,N.Messina,U.Vagliasindi,‘’Ma

nagement of reactive power on a radial M.V.network 

using an expert sysem,’’MELCON’96,Electro-

technicalConference,vol.3  ,pp.1603-1606,1996. 

[21] S.R.Shilling, ‘‘Apractical approach to automating 

petrochemical facility VAR control,’’Petroleum and 

Chemical Industry Conference,43
rd

 Annual IEEE-IAS 

Meeting,pp.93-99,1996. 

[22] R.Mandal,S.K.Basu,A.Kar and S.P.Chowdhury, ‘ ‘A 

microcomputer-based power factor controller,’ ’IEEE 

Trans. On Industrial Electronicsvol.41,pp361-371,1994. 

[23] M.ElSharkawi,M.Chen,S.S.Vadari,G.Fissel,S.S.Venkat

a,N.G.Butler,R.G.Yinger,‘  ‘Development and field 

testing of a closed loop adaptive pf control,’’IEEE 

Trans.EC,vol.3,no.2,pp.235-240,1988. 

[24] H.Frank and B.Landstorm, ‘ ‘Power factor correction 

with thyristor controlled capacitors,’’AESA 

Journal,pp.180-184,1971. 

[25] A. R. Al-Ali, M. M. Negm, and M. Kassas, “A PLC 

based power factor controller for a 3-phase induction 

motor,” in Proc. Conf. Rec. IEEE Industry 

Applications, vol. 2, 2000, pp. 1065–1072. 

[26] Paul Priba and Terry Pameticky, ‘‘ A PLC Application 

for large motor monitoring,’’Copyright Material 

IEEE,Paper No. PCIC-88-16. 



Implementation of PLC for Power Factor Improvement in a 3-Phase Induction Motor 

 (IJSRD/Vol. 2/Issue 02/2014/127) 

 

 All rights reserved by www.ijsrd.com 478 

[27] Jasmin Velagic,Admir Kaknjo,Nedim Osmic and Tarik 

Dzananovic, ‘ ‘Netwok based Control and Supervision 

of induction motor using OPC Server and PLC,’’53
rd

 

International Symposium ELMAR-2011,14-16 Sept. 

2011,Zadar,Croatia. 

[28] Ramazan Bayindir,Ibrahim Sefa,Ilhami Colak and 

Askin Bektas, “Fault detection and protection of 

induction motor using sensors, ”IEEE Trans.on Energy 

Conversion,vol.23,No.3,Sept. 2008. 

[29] M. G. Ioannides, “Design and implementation of PLC-

based monitoring control system for induction motor,” 

IEEE Trans. Energy Convers., vol. 19, no. 3, pp. 469–

476, Sep. 2004. 

[30] Allen Bradley-Rockwell  Automation  Micro-810,  


