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Abstract: 

This article aims to deliver a method to design a low cost, efficient and reliable control circuit for a low voltage single coil drive 

contactor, specifically for a coil operating at a voltage of 240V AC. The proposed control circuit system design consists of four 

major sub-systems. The four sub-systems consist of two independently operating AC to DC converter circuits, an electronically 

operated switching circuit and a freewheeling circuit. The first AC to DC converter circuit provides a higher voltage level output 

and provides power to the main contactor coil at the initial powering up of the coil. The second AC to DC converter circuit 

operates independently and provides a lower voltage output level. It provides power to the electronic switching circuit as well as to 

the main coil after it has been initially turned on. The electronic switching circuit helps switch the power supply to the main 

contactor coil after it has been initially turned on, from the higher voltage dc converter circuit to the lower voltage dc converter 
circuit. The freewheeling circuit operates in order to safely discharge the coil upon disengagement of the contactor and promotes 

reliable operation. These four subsections work cohesively with one another to enable a safe and reliable control signal output at a 

minimal cost and with improved efficiency in coil operation. The designed control circuit provides an efficient, cost effective and 

reliable alternative to control the operation of the contactor coil while aiming to be compliant with the IS/IEC 60947-4-1:2000[1] 

standards.   
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I.  INTRODUCTION  

 

A contactor is a relay which is capable of switching large 
electrical loads. Contactors are operated by applying a voltage 

to the coil of an electro-magnet, which will cause a switch, (or 

several switches) to close. The primary function of the 

contactor is a switching function (connect and disconnect parts 

of the installation). The two main characteristics of the 

contactor are a high switching frequency (it can make/break the 

circuit a high number of times per hour (10 to 1000 cycles per 

hour)) and electrical remote actuation: it is not operated 

manually but electrically, by feeding its coil. These two 

characteristics make its use ideal for the automation of 

industrial applications. Contactors can be also combined with 
overload relays to create motor starters. 

  

The circuit that applies the voltage to the coil is referred to 

as the control circuit, because it controls the main device that 

the contactor or relay is switching. The coil voltage of a 

contactor can be installed for virtually any control circuit 

voltage, to provide complete flexibility for these devices (both 

AC and DC), as the control circuit can be completely 

independent of the load it is switching.  

 

The control circuit provides control signals that regulate the 

feed to the coil of the contactor. When the coil is supplied with 
a predetermined voltage, the fixed part of the contactor (yoke) 

is magnetized and it attracts the moving part (core). This 

movement causes the closing of the main contacts of the 

contactor and, hence, the establishment of current in the main 

circuit. Upon the closing of the contactor contacts, the voltage 

supplied to the main coil can be safely reduced up to another, 
lower predetermined level without affecting operation. When 

the coil is not fed, the main contacts open and, consequently, 

the current in the main circuit is interrupted. 

 

 Generally, the control circuits of single coil drive 

contactors include a large number of specialized components 

which lead to poor cost efficiency and contribute towards the 

higher costs of control units. Most control circuits of such types 

also exhibit a problem of poor efficiency due to high switching 

losses due to the continuous switching of MOSFET between 

the On and Off state during operation.  
 

Hence, the idea is to design a system that tackles the dual 

problems of the poorer cost efficiency and the poor efficiency 

of contactor units while ensuring safe and reliable long term 

operation while maintaining compliance with the IS/IEC 

60947-4-1:2000[1] (Indian Standard for Low Voltage 

Switchgear and Control gear). 

 

The proposed design for the control circuit aims to tackle 

both of these problems by using more widely available 

components to increase cost effectiveness and a change in the 

method of MOSFET utilization so as to increase efficiency by 
minimizing the high switching losses. The proposed control 

circuit design is aimed for usage with a 240V single coil drive 

contactor. 
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II.   WORKING 

A. 240V AC to 12V DC Converter Circuit 

 

 
This converter circuit consists of various components in order 

to provide a consistent 12V DC supply that is devoid of 

ripples. In this design, the predetermined lower voltage value 

for coil operation post supply switching is presumed to be 12V 

with a constant current requirement of 330mA. Firstly we use a 

voltage dropping X- rated capacitor of value 2.2uF and having 
a voltage rating of 440V. The excess voltage is dropped across 

this capacitor, while the required voltage falls across the 

Bridge rectifier circuit which has a 1A capability.  

 

      We utilize an X-rated capacitor because only its dielectric 

can withstand spikes in the mains, which would generate holes 

in the dielectrics of normal capacitors, which would lead to 

breakage of a normal capacitor. This dropping capacitor is 

non-polarized in order for it to be connected in any manner to 

the circuit. A 470 Kohm-1W rated resistor is attached in 

parallel to the X-rated capacitor to allow it to discharge safely 

upon the contractor being turned off. This resistor, also known 
as a bleeder resistor helps avoid the possibility of electric 

shocks.  

      The Bridge rectifier circuit is constructed using four 

1N4007 [2] diodes which have peak reverse repetitive voltage 

of 1000V and a current rating of 1A. These specifications 

allow for safe and reliable operation since current drawn 

during normal operation is 300-400mA. The Bridge rectifier 

circuit rectifies the voltage allowed across it by the X-rated 

capacitor. The output of the Bridge rectifier circuit is 

smoothened of ripples by utilizing a smoothening capacitor of 

1000uF and having 25V voltage rating. 
       The output from this circuit is regulated to the requisite 

12V DC output by utilization of a 5W-12V rated Zener Diode 

1N5348 [3] that is operating in parallel with the output of the 

Bridge rectifier circuit. The smoothening capacitor and Zener 

Diode help provide a 12V output that is free of ripples. The 

attached 52 ohm resistance is utilized to denote the estimated 

resistance of the single coil drive. The output of this converter 

circuit is used to supply both the electronic switching circuit as 

well as to drive the main coil after it has been initially turned 

on.  

B. 240V AC to 334 V DC Converter Circuit 

 
This converter circuit consists of various components in order 

to provide a DC Voltage output of 334V DC that is ripple free 

in nature. In this design, the predetermined higher voltage 

value for coil operation pre supply switching is presumed to be 

334V, with a 130ms current requirement of 6.66A. Firstly, the 

240V AC is provided directly across a Bridge rectifier circuit 

which has a 30A surge capacity.  

 

      The Bridge rectifier circuit is constructed utilizing four 
IN4007 [2] diodes which have a peak reverse repetitive voltage 

of 1000V as well as a peak surge forward current rating of 

30A. These ratings enable safe and reliable operation of the 

circuit, since actual current utilized by the coil is 6.66A, which 

is used only until the full engagement of coil mechanism, after 

which the supply is switched by the electronic switching 

circuit.  

 

         A 1000 microfarad capacitor with 600 V rating is used to 

smoothen the output waveform and diminish the ripples 

contained in it. The output of this circuit is used to drive the 

coil until the single coil drive mechanism is completely 
engaged and the contactor has been turned on, following 

which, the electronic switching circuit comes into operation.  

 

C. Electronic Switching Circuit 

 
In the proposed electronic switching circuit the switching 
circuit consists of an IC555, a Power MOSFET and a simple 

inverter circuit constructed using an NPN transistor and 

resistor duo. The DC supply V1 refers to the 12V supply 

received from Part A that is used to power this circuit. The 

switching circuit provides the time delay and switches between 

the predetermined supplies available from the converters after 

the time delay signal is generated.  

 

The IC555 (LM555 [4]), a commonly available IC is run in a 

variant of mono stable mode having a delay value equivalent 

to the time taken by the single coil contactor to turn on for the 
first time. This time for turn on can vary from 5-200ms. In the 

proposed design, the turn on time value considered is 130ms. It 

is made self-starting in nature by utilizing a simple R-C signal 

conditioning circuit enabling the required delay value. The 

IC555 gives a low output for the first 130ms followed by a 

high output of 12V.  

 

This output is inverted using the inverter circuit using a 

transistor and the output of the inverting circuit is fed to the 

gate terminal of a power MOSFET. The transistor used in the 

design is 2N2369 [5] an NPN transistor with V(C-B) =40V, 

V(C-E) =15V and I(C) =200mA The MOSFET utilized during 
this design is the IRFP450PBF [6] with a Gate-Source Voltage 
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of 10V and a V (D-S) =500V with a 14A constant drain 

current.    

 

 
The above diagram shows the design of all the aforementioned 

circuit subsections. Therefore, for the first 130ms the 

MOSFET acts as a closed switch and the voltage across C & 

A2 is 330V, while V (A1 - A2) is 346V. This is the net voltage 

across the Coil, drawing a current of 6.66 A. After the first 

130ms the MOSFET is given a low voltage at gate, leading it 
to act as an open switch, thus V(C-A2) is 0V and V (A1- A2) 

is 12V. This output shall continue till the contactor is switched 

off. Thus it acts as a switching circuit.  

 

     Here we can see that efficiency has been improved since 

high switching losses due to the continuous switching of 

MOSFET between the On and Off state during operation have 

been eliminated, due to elimination of continuous switching. 

We also observe that the control circuit has been made more 

cost effective, since only widely available components have 

been utilized to design the control circuit, thus preempting the 
need for specialized components which lead to inflated costs of 

production. 

 

D. Freewheeling Circuit 

This circuit is used in order to discharge the coil upon 

disengagement of the contactor. Upon switching off of the 

contactor, the coil is discharged using this circuit, due to which 

it is possible to operate it again without any problems arising 

and the contactor shuts off promptly without taking a large 

turn off time. It simply consists of a 1N5407 [7] diode in series 

with a 47 Kohm resistor. 1N5407 [7] has a reverse RMS 

voltage of 560V and a current rating of 3A. This arrangement 
is placed in parallel with the coil, such that it gets activated 

upon de-energization and not before de-energization. 

Therefore, upon de-energization of coil, the current of coil 

dissipates through the freewheeling circuit, thus allowing for 

future safe and reliable operation of the single coil contactor 

drive. 

 

III.  CONCLUSION 

A single coil drive contactor control circuit aimed at increasing 

cost effectiveness and efficiency of the drive while being safe 

and reliable was designed and tested utilizing simulations 
successfully. The control circuit was also designed in 

compliance with the IS/IEC 60947-4-1:2000 [1] (Indian 

Standard for Low Voltage Switchgear and Control gear). The 

testing of the proposed circuit was carried out in the stages of 

simplification (sub-section wise) explained previously. First 

these separate sub-sections were simulated, in order to 

ascertain individual proof of concept. The sub-sections were 

observed to work in the expected manner and met the required 

criteria. Upon the successful testing of the individual sub-

sections, the simulation of the system in its entirety was carried 

out to test the overall operation of proposed circuit design. The 
whole circuit too was shown to perform as expected and met 

the prerequisite performance criteria. 

      

    The circuit was able to ensure enhanced efficiency in 

operation since high switching losses due to the continuous 

switching of MOSFET between the On and Off state during 

operation have been eliminated, due to elimination of the 

method that utilized continuous switching. The design of the 

control circuit has also been made more cost effective, since 

only widely available components have been utilized to design 

the control circuit, thus preempting the need for specialized 

components which lead to inflated costs of production. These 
enhancements have been made while concomitantly 

maintaining safety and reliability standards, as tested by 

utilizing simulations at every step of design. 
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