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Abstract—In Thermal power plant they use static over-flux relay to protect the transformer but we propose numerical over-flux relay 
which is more efficient than static over-flux relay. Three phase Power transformer receives 15.75kV (primary side) and it is stepped up 
to 230kV (secondary side).In order to protect this transformer we step-down 230kV to 110V.By using potential transformer we again 
step-down 110V to 5V.  The V/F ratio is set constant at 2.2, if the ratio exceeds above 2.4 heavy vibrations will be produced and due to 
this the transformer core gets damaged. To get accurate fault value we are proposing a numerical over-flux relay. The step down 
transformer voltage is rectified using precision rectifier. The rectified output dc voltage is fed to the PIC microcontroller. To measure 
the frequency the sinusoidal waveform is passed on to the zero crossing detectors and the waveform is again fed on to the 
microcontroller along with the digitized voltage. The display from the microcontroller visualizes the voltage, frequency and V/F values. 
The numerical over-flux relay accurately diagnosis the above mentioned ratio. If the V/F ratio exceeds the preset value or below the 
preset value, the relay trips the circuit and message will be send to the operator by the GSM which is interfaced to the microcontroller. 
The numerical over-flux relay is easy to communicate (Remote monitoring), flexible and consumes low power. It also reduces the fault 
analysis time.                                            
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I. INTRODUCTION  

In Mettur Thermal Power Plant, the heat energy is obtained by combustion of coal, then that heat energy is converted as a steam energy 
which is high in pressure and temperature will reach the prime mover (Turbine). The Working of a thermal power station can mainly be
 1.Coal Handling Plant  
 2.Boiler  
 3.Turbine 
 4.Generator 
 
a.  Coal Handling Plant:   
Coal is employed as a main fuel in thermal station. As the consumption of coal is huge, the layout of a coal handling plant should be 
simple, reliable and low maintenance. 
This coal is then feeded on coal conveyor belt through vibrating feeder. These feeders area unit of electro-magnetic kind and controls the 
speed of feeding needed for bunkering. By the various combinations of conveyor belts, coal is conveyed to the surge hopper of a crusher 
house. Before the coal involves the device house, the ferrous material which comes along with the coal is taken out with the help of 
suspended and rotating type magnetic separators. Non-ferrous materials like stones, shells, wood etc. are removed manually. 
From surge hopper, coal is fed to the coal device through mechanical feeder. Here coal is crushed to the dimensions of 20-25 millimeter. 
This sized coal is then sent to coal bunkers through various belts, coal trippers and stored for further processing of coal for combustion in 
boiler furnace. This cycle is known as bunkering cycle[5]. 
b. Boiler: 
Boiler is used for generation of steam for power generation. In thermal power station water tube boilers are used. Boiler is balanced from 
the top on four columns and kept free from the bottom side. Types of a boilers area unit natural circulation, natural draft, tangentially fired, 
radiant, reheat type, dry bottom and pulverised fuel fired.Feed water is fed to the boiler drum through the economiser. Water then enters 
into bottom ring header through six numbers of down comers. In boiler furnace, coal is fired with fuel. The heat energy developed by 
combustion of coal in chamber is employed for the evaporation of water in water walls. As the density of steam is lower than water, this 
water steam mixture enters into boiler drum without help of any pump. This is called natural circulation[5]. 
In boiler drum, steam is separated from the mixture in 3 steps i.e. cyclone separators (Primary separators) ,secondary separators and screen 
dryers (Final separators). Steam that comes out of boiler is named saturated steam. This saturated steam is then suffered range of super 
heaters i.e. primary, platen and final for superheating of steam to a temperature of 540°c . When coal is burned within the boiler chamber, 
hot flue gases passes through the first pass and then to the second pass to the exit of boiler. Economiser and first superheaters area unit 
placed in second pass one on top of the opposite, economiser being placed at the exit. The temperature of the flue gases in the combustion 
zone is 1200-1400°C and after furnace 1000-1000°C. The temperature of flue gas gradually decreases to 400°C when it leaves second pass. 
The flue gas then goes trough air pre heaters where its temperature drops down to 140°c. Primary and secondary air is passed through the 
air heater to increase the temperature. This hot secondary air is sent to the furnace through wind box and hot primary air is sent to coal mill 
for heating pulverised coal and to transfer it upto the furnace. 
Boiler is sealed from the bottom by seal water arrangement to prevent any ingress of atmospheric air into the boiler. Bottom of the boiler is 
formed sort of a hopper. Bottom ash falls within the bottom hopper and once crushing it's transferred to ash handling plant. Fly ash along 
with the flue gases goes through Electro Static Precipitator where fine ash is taken out and sent to the ash handling plant for further 
processing to the ash bunds[5]. 
 
c. Turbine:                                     
 210 MW turbine is condensing, tandem compound, three cylinder, horizontal, disc and diaphragm type with nozzle governing 
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and regenerative feed water heating. The double flow low-pressure Turbine (LPT) incorporates multi exhaust in each flow .The complete 
turbine assembly is mounted on pedestals and sole plates which are designed to ensure that the components are free to expand whilst 
correct alignment is maintained under all conditions. Live steam from boiler enters two emergency stop valves (ESV) of high-pressure 
turbine (HPT). From ESV’s steam flows to the four-control valves (CV) mounted on the casing of HPT at the middle bearing side. Control 
valves in turn feed the steam to nozzle boxes located inside the HPT. After passing through HP turbine, steam flows to boiler for reheating 
and reheated steam comes to the intermediate pressure turbine (IPT) through two-interceptor valves (IV) and four control valves mounted 
on IPT itself. After flowing through IPT, steam enters the middle a part of nonaggressive rotary engine through 2 crossover pipes. In LP 
turbine, steam flows in opposite paths having four stages in each path. After going away the disk rotary engine the exhaust steam 
condenses within the surface condenser welded on to the exhaust a part of the disk rotary engine. The rotors of informatics rotary engine 
square measure connected by a semi versatile coupling. The direction of rotor is clockwise when viewed from the front bearing and 
towards generator. The three rotors are supported on five bearings[1]. 
The common bearing of HP & IP rotor is a combined journal and radial trust bearing. The anchor purpose of rotary engine is found at the 
center foundation frame of the front exhaust a part of nonaggressive cylinder. The turbine expands towards the front bearing by nearly 32 
mm and towards generator by 3 mm in steady state operation at full load with rated parameters[2]. Extracted steam from varied points of 
rotary engine is used to heat the atmospheric phenomenon in these heat exchangers. 
 
d. GENERATOR: 
As seen above, boiler produces super heated steam of pressure 138 Kg/cm2 & 540°C temp. This steam enters in turbine and because of the 
warmth energy of steam, turbine rotates at about 3000 rpm. The rotary engine is directly coupled to the generator rotor. Electricity is 
generated as per the “Faradays Law” in generator[1]. 
 
FARADAYS FIRST LAW : Whenever a conductor cuts magnetic flux, an emf is induced in that conductor[1]. 
 
FARADAYS SECOND LAW : The magnitude of the induced emf is equal to the rate of change of flux linkages[1]. 
 
In generator time varied field of force is created by rotating field coil with facilitate of rotary engine. Field windings square measure wound 
over rotor of the generator and rotor is coupled to the rotary engine. Field windings square measure connected to the excitation system 
through slip rings. 
 
From excitation circuit, D.C. current is allowed to tolerate the sphere windings and produces a field of force. So when the rotor rotates, 
D.C. current carrying field winding also rotates and produces a time varying magnetic field. This time varied field of force is cut by the 
stator coil windings of the generator and electrical phenomenon is elicited in it. Electricity produced in the stator is then passed through bus 
ducts to the stepdown transformer. Generator increases the voltage level from 15.75 kV to 230 kV. This electrical device is connected to 
230 kilovolt buses in switchyard through isolators and a fuse. Various four hundred kilovolt lines square measure connected to the current 
bus through isolators and breakers. Through different HT lines electricity thus generated is then transmitted to the complete Tamilnadu 
State through the grid systems. Margins, column widths, line spacing, and type styles are built-in; examples of the type styles are provided 
throughout this document and are identified in italic type, within parentheses, following the example. Some parts, such as multi-leveled 
equations, graphics, and tables are not prescribed, although the various table text styles are provided. The formatter can got to produce these 
parts, incorporating the applicable criteria that follow. 
 

II. PROPOSED METHODOLOGY 

 
In this system we are monitoring both voltage(v) and frequency(f) of the transformer. The V/F program is fed in a PIC microcontroller with 
the different ratio’s, numerical relay interfaced with PIC will automatically trips the circuit. 
GSM is used to send messages to the operator about the variation of the ratio. 
Advantages: 
• It measures both voltage and frequency 
• More accurate in measurement 
• GSM is used to give prior intimation regularly to operator 
• Multiple group of setting is possible 
• Waveforms can be generated 

A. Proposed scheme 

 

Fig 1. Proposed block diagram 
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The transformer in the above mentioned Fig:1 is a step down transformer, which convert 110V to 5V ac. The Precision rectifier rectifies 
the 5V ac to 5V dc which is fed to the PIC microcontroller. Similarly the frequency is also measured by the zero crossing detector and then 
passed on to the PIC microcontroller. PIC microcontroller is programmed, to calculate the V/F ratio by using voltage and frequency passed in 
it. The LCD display connected to the PIC microcontroller displays the voltage, frequency and V/F ratio. In case V/f ratio increase above or  
decrease below the preset value, the alarm and relay comes into contact. The alarm gives alert signal and the relay trips off the circuit. The 
GSM is used to give alert message to the operator. 

B. Circuit diagram 

 
 

Fig 2. Circuit diagram for proposed scheme 

C. Voltage measurement 

 
Fig.3 voltage measuring diagram 

 
This circuit is designed to monitor the supply voltage. The supply voltage that has to monitor is step down by the potential 

transformer. Usually we are using the 0-6v potential transformer. The step down voltage is rectified by the precision rectifier. The precision 
rectifier is a configuration obtained with an operational amplifier in order to have a circuit behaving like an ideal diode or rectifier[2]. 

 
The full wave rectifier is the combination of half wave precision rectifier and summing amplifier. When the input voltage is 

negative, there is a negative voltage on the diode. So it works like an open circuit, there is no current in the load and the output voltage is 
zero. When the input is positive, it is amplified by the operational amplifier and it turns the diode on[3]. There is current in the load and, 
because of the feedback, the output voltage is equal to the input. In this case, when the input is greater than zero, D2 is ON and D1 is OFF, 
so the output is zero.  
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When the input is less than zero, D2 is OFF and D1 is ON, and the output is like the input with an amplification of − R2 / R1. The 
full-wave rectifier depends on the fact that both the half-wave rectifier and the summing amplifier are precision circuits. It operates by 
producing an inverted half-wave-rectified signal and then adding that signal at double amplitude to the original signal in the summing 
amplifier. The result is a reversal of the selected polarity of the input signal. 
Then the output of the rectified voltage is adjusted to 0-5v with the help of variable resistor VR1. Then given to ripples are filtered by the 
C1 capacitor. After the filtration the corresponding DC voltage is given to ADC or other related circuit. 

 

D. Frequency measurement 

 

Fig 4 frequency measuring diagram 

The zero crossing detectors are constructed by the operational amplifier LM 741. The inverting and non inverting input terminals 
are connected to the potential transformer and current transformer terminals respectively. So the input sine wave signal is converted in to 
square wave signals. The square signal is in the range of +12v to -12v level. Then the square wave signal is given to base of the BC 547 
switching transistor in order to convert the TTL voltage 0 to 5v level. This square wave signal is given to the pc or micro controller and 
measure the frequency with help of software. 

III. ANALYSIS OF HARDWARE UNIT 

The transformer used here is to step down the voltage and rectifiers rectify ac voltage to dc. The dc supply will be filtered to pure 
dc using capacitive filter[1] . Then IC regulator is used to vary the voltage and given to load. 

 

 
Fig.5 Schematic diagram of harware unit 
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Fig.6 Hardware design of proposed method 

                 

CONCLUSION 
 

           The system is designed with the help of the PIC microcontroller 16F877A which is used for control. This project is very much 
useful in power transformer protection areas. In transformer protection areas there may be using over flux relays if the supply voltage is 
above or below the abnormal value the power transformer will be damaged. So this project is used to monitor the supply parameters if 
anyone is above or below the abnormal value it automatically turns off the transformer. 
            In order to overcome all these problems, we have designed a module which indicates the faults using driver circuit, relay, LCD 
display and alarm. This module consists of PIC microcontroller, precision rectifier, zero crossing detectors. By implementing this 
module in the industry it reduces labour work, time consumption and ensures safety for both the user and the power transformer.                                                                                                     
            In future message can be sent to automatic voltage regulator (AVR) which automatically adjusts the voltage to corresponding 
preset value if the value decreases or increases, instead of GSM. If any variation occurs in the frequency value, a message can be sent to 
the load dispatch centre and the operator controls the frequency in the grid. 
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