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INTRODUCTION 

 

 
THE SALIENT FEATURES OF THE PLANT 

ARE AS UNDER: 
 

 

 

 

 
 
 
 

CAPACITY 
4X110MW+2X210MW+2X250MW 

  

UNIT-1 01-11-1979 

UNIT-2                   27-03-1980  

UNIT-3 01-01-1985 

UNIT-4 11-01-1987 

UNIT-5 28-03-1989 

UNIT-6 04-07-2001 

UNIT-7 16-10-2004 

UNIT-8 02-02-2005 

DAILY COAL 

REQ. 

15,000M.T. 

HEIGHT OF 
COOLING 
TOWERS 

123.5 mtr. IN STAGE 1&2 

143.5 mtr. IN STAGE 3&4 

140    mtr. IN STAGE 5&6 

                          143.5 mtr. IN STAGE 7&8 

 



 

 

 
 
 

INTRODUCTION 
 

 

Panipat Thermal Power Station is a project of Haryana Power 

Generation Company Limited situated in Panipat Jind Road at 

about 11Kms. From Panipat Bus Stand. 

 

Total planed capacity of the P.T.P.S. is 1360 MW. At present, 

four units of 110 MW, two units of 210 MW and two units of 

250 MW each are generating Electricity. First two units of 110 

MW were commissioned during 1985-86. Unit-5 of 210 MW 

capacity was brought into action during 1992 and unit-6 started 

working in 2000. Unit-7 was commissioned in 2004 and Unit-8 

was synchronized with grid in 2005. 

 

Coal is used as primary fuel for generation of electricity 

however light Diesel Oil (L.D.O.) and heavy fuel oil (H.F.O.) 

are used in Power Plant under emergency conditions as an 

additional support for coal flame. 

 

Super heated system is used as energy carrier medium and it 

carries heat Energy from boiler to turbine obtained by barong of 

coal in boiler. Western Yamuna Canal is the main source of 

water for this power station. Water is taken from the main 

WYC canal to a mini branch canal and is kept reserve in a tank 

at raw water pump house. Later on, this raw water is treated in 

classifier and DM water plant (Demineralization) for removal 

of suspended and dissolved impurities and then it is used in 

boiler for generation of steam. 

 

Water and coal are the main raw materials used in the 

generation of Electricity. Coal is transported through Railway 

Wagons from M/s Coal India Ltd., and is kept reserved in a 

buffer stock in a Coal Handling Station. Recently imported coal 

is also being used after blending it with indigenious coal on 

experimental basis.  
 



 

 

 

 

 

 

 

 

THREE MAJOR INPUTS TO POWER 

STATIONS 

 

1) Water : 
Water has been taken from near by Yamuna Canal. This water 

is lifted by raw water pumps and is sent to clarifier to remove 

turbidity of water. The clear water is sent to water treatment 

plant, cooling water system and service water system. The 

water is dematerialized (DM) by water treatment plant. The DM 

water is stored in condensate storage tanks from where it is 

used   in boiler.  

 

2) Fuel Oil : 
The fuel oil used is of two types: 

(a) Low sulphate high stock oil (LSHS) 

(b) High speed diesel oil (HSD) 

The high speed diesel oil reaches the power station through the 

lorry tankers. The oil is stored in large tanks for the future use 

in the boiler. 

Heavy oil is stored in storage tanks in oil storage yard and is 

conveyed to the front through a set of pumps and strainers. The 

whole length of piping from the boiler front in stream traced to 

maintain the temperature and hence its fluidity so that it can 

freely flow in the pipelines. 

 

3) COAL : 
The coal reaches the plant in the railway wagons. The 

unloading of coal is done mechanically by tilting the wagons by 

tippler. The coal is sent to the coal storage yard through the 

conveyer belts. The crushed coal from store is sent to the mill 

bunkers through conveyer belts. 

 



 

 

The air which takes away the coal dust passes upward into the 

classifier where the direction of flow is changes abruptly. This 

causes the coarse particle in the air coal stream to finer coal 

dust along with the primary air leaves the classifier onto coal 

transport piping from where it goes to nozzle. Pulverized coal 

obtained from coal mill can not be burnt directly. 

 

 

 

 

 

 

 

FAMILARIZATION WITH PLANT 

 

 
BOILER: 

Boiler is a device used for producing steam. There are two 

types of boilers: 

a) Fire tube boiler 

b) Water tube boiler 

At P.T.P.S., boilers with tangentially fired water tubes are used. 

The four walls of the boiler are constructed with water tubes 

and the heat produced due to combustion of coal in the furnace 

heats the water in the boiler. Boiler is hung with help of girders 

and is free to expand downwards due to thermal expansion. It is 

called tangentially fired due to the reason that direction of fuel 

entering the furnace remains tangential to the fireball. The color 

of the flame is golden yellow at its peak performance. 

 

In case the coal flame is weak, oil is injected into the coal 

furnace to give support to weak flame. Oil support is needed 

particularly in rainy season when coal is wet or when requisite 

coal mills are not available. 

 

ID and FD fans are used to produce artificial drought. The fuel 

oil is used to ignite the boiler and pulverized coal is lifted from 

the coal mills by PA fans. 

 



 

 

TURBINE: 

Turbine is form of heat engine in which available heat energy in 

the form of steam is converted into kinetic energy to rotate the 

turbine by steam expansion in suitable shaped nozzles. In 

Thermal power Station there are reaction turbines. 

 

The turbine consists of three stages: high pressure, intermediate 

pressure and low pressure. Steam enters the turbine at 350ºC 

with maximum allowable temp. Of 545ºC. 

 

Cold reheat steam goes to boiler, reheated at 540ºC, then fed to 

medium pressure parts of the turbine. Then after cooling it goes 

to hot well. 

 

 

 

GENERATOR: 

There is a turbo generator, which generates electricity with the 

help of           3-phase alternator of 250 MW capacity. The shaft 

is coupled with generator. The generator converts the kinetic 

energy of the rotating shaft to electric energy. Field windings 

are excited by D.C. power using exciter.  

 

It is WATER AND H2 (HYDROGEN) GAS COOLED. 

Therefore it is contained in CYLINDRICAL CHAMBER. 

 

Shaft of generator rotates at 3000 rpm speed. The turbine here 

has 3 stages for rotating the rotor of the alternator. First stage of 

the turbine is called High Pressure Turbine (H.P.T.), in which 

steam entry pressure is 150 kg/cm². The steam used here loses 

pressure & temp. and the exhaust of H.P. turbine goes into Cold 

Reheat Line (C.R.H.), which is taken to the Re-heater section in 

the boiler furnace.  There the steam gains temp. & pressure 

through waste flue gases of furnace and is labeled as Hot 

Reheat Line (H.R.H.). The H.R.H. steam is brought to the 

second stage of the turbine called intermediate pressure turbine 

(I.P.T.) at about 50 kg/cm². The exhaust of second stage is 

passed on to third stage called low pressure turbine (L.P.T.). 

The exhaust of third stage is collected below L.P. turbine and is 



 

 

condensed into water with the help of condenser. Thus the rotor 

of the generator starts rotating.  

 

ECONOMIZER: 

It consists of large number of closely spaced parallel tubes with 

thin walls and of diameter about 50 mm. the feed water is 

passed through the economizer before supplying it to the boiler. 

Here heat of the flue gases is partially/utilized by the 

economizer, which would otherwise be lost. Thus, temperature 

of feed water is raised leading to an increase in the efficiency of 

the boiler.  

 

CONDENSER: 

In condenser, the water passes through various tubes and steam 

passes through a chamber containing a large number of water 

tubes (about 20000). 

  

The steam gets converted into water droplets, when steam 

comes in contact with water tubes. The condensate is used 

again in boiler as it is dematerialized water and 5-6 heats the 

water, which was in tubes, during the process of condensation. 

This water is sent to cooling tower. 

 

COOLING TOWER:  

It is a structure of height 110m designed to cool the water by 

natural drought. The cross sectional area is less at the center just 

to create low pressure so that the air can lift up due to natural 

drought and can carry heat from spherical drops. The upper 

portion is also diverging for increasing the efficiency of cooling 

tower. Hence it is named as natural drought cooling tower. 

 

 ELECTROSTATIC PRECIPITATOR: 

It is an electronic device, which removes the ash particles from 

the smoke through furnace of boiler. It helps in prevention of 

air pollution. It works on the principle that a charged particle is 

attracted towards opposite charge. When the fly ash comes 

between the opposites charged plated it gets charged and is 

attracted towards the plates and then collected from the plates 

by the discharging particles. 

 



 

 

ASH HANDLING PLANT:  

Ash is not discharged as such to pollute the land, air and water, 

but slurry of ash is made in ash handling plant and this slurry is 

dumped in the waste land, kept for the purpose. 

 

SWITCH YARD: 

Switchyard is the area, which feed the grid supply to the station 

transformer and fees the grid by the power generator by the 

unit. The power supply control is administrated here and the 

units consumed and supplies are recorded in the control room. 

The connections of 220KV BUS to the station transformer is 

done by using the isolated and gas filled circuit breakers. 

 

 WAGON TIPPLER: 

IT IS THE MACHINE WHICH IS USED TO TIP THE COAL 

FROM THE WAGON. THE COAL TIPPED IS DIRECTLY 

FED TO CONVEYOR BELT. ITS CAPICITY IS 12 WAGON 

PER HOUR. 

 

CRUSHER: 

IT CRUSHES THE COAL INTO SMALL PIECES. 

 

COAL MILLS: 

IN IT SMALL PIECES OF COAL ARE CONVERTED INTO 

PULVERISED FORM. THEY ARE 6 IN NUMBER 

 

BOILER DRUM: 

IT CONTAINS WATER FOR BOILING. 

 

CHIMNEY: 

IT IS USED TO RELEASE FLUE GASES INTO THE 

ATMOSPHERE. 

 

COOLING WATER (C.W.) PUMP: 

THIS PUMP SEND WATER FROM COOLING TOWER TO 

CONDENSOR. 

 

RAW WATER PUMPS HOUSE: 

IT SUPPLIES RAW WATER TO THE BOILER. 

 



 

 

CLEARIFIERS PUMP HOUSE: 

THE WATER FROM RAW IS CLEARED AT CLEARIFIER 

BY PUTTING ALUM IN IT & FILTERING IT & THEN 

SUPPLIED TO THE CONDENSOR. 

 

LOW PRESSURE HEATER: 

IT IS USED TO INCREASE THE TEMPERATURE OF 

WATER, IN THIS WAY EFFICIENCY OF SYSTEM 

INCREASES. 
 

DEAREATER: 

IT IS USED TO REMOVE AIR FROM WATER, WHICH IS 

ENTRAPPED IN THE WATER MOLECULES. IT IS VERY 

IMPORTANT PART BECAUSE THE ENTRAPPED AIR 

EFFECT AIR DRUM BADLY. 

 

BOILER FEED PUMP (B.F.P.): 

IT IS THE HEAVIEST DRIVE IN THE PLANT & SUPPLY 

WATER TO BOILER DRUM FROM DEAREATER. 

 

HIGH PRESSURE HEATER (H.P.): 

IN THIS TEMPERATURE OF WATER INCREASES, THUS 

EFFICIENCY FURTHER INCREASES. 

 

 

 

 

 

 

 

 

 

 

 

 

GENERAL WORKING DIAGRAM 

 
 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ELECTRICITY FROM COAL: 

 

Electric power generation takes place in the following steps: 

1. Coal to steam 

2. Steam to mechanical power 

3. Switching and transmission 

 

COAL TO STEAM: 



 

 

The boiler burns pulverized coal at rates up to 200 tonnes per 

hour. From the coal store, fuel is carried on a conveyor belt and 

discharged by means of a coal tipper into the bunker. It then 

falls through a weighed into the coal pulverizing mill where it is 

ground to a powder as fine as flour. 

 

Air is drawn from the top of the boiler house by the force 

draught fan and passed through the air pre-heaters to the hot air 

duct. From here some of the air passes directly to the burners of 

the furnace. Here it mixes with the rest of the air and burns with 

great heat. 

 

The boiler consists of a large number of tubes and the heat 

produced raises the temp. of the water circulating in them to 

create steam, which passes to steam drum at very high pressure. 

The steam is then heated further in the super heater and fed 

through outlet valve to the high pressure cylinder of the steam 

turbine. 

 

When the steam has been through the first cylinder (high pr.) of 

the turbine, it is returned to the repeater of the boiler and 

reheated before being passed through the other cylinders 

(intermediate and low pr.) of the turbine. 

 

From the turbine the steam passes into a condenser to be turned 

back into water ‘condensate’. This is pumped through feed 

heaters where it maybe heated to about 250ºC to the 

economizer where the temp. is raised sufficiently for the 

condensate returned to the lower half of the steam drum of the 

boiler. 

 

The flue gases leaving the boiler are used to reheat the 

condensate in the economizer and then pass through the air pre-

heaters to the electro-static precipitator. Finally they are drawn 

by the induced draught fan into the main flue and to the 

chimney. 

 

 

 

STEAM TO MECHANICAL POWER: 



 

 

From the boiler, a steam pipe conveys steam to the turbine 

through a stop valve and through control valves that 

automatically regulate the supply of steam of the turbine, stop 

valve and control valves are located in a steam chest and 

governor, driven from the main turbine shaft, operates the 

control valves to regulate the amount of steam used. 

 

Steam from the control valves enters the high pr. cylinder of the 

turbine, where it passes through a ring of stationary blades fixed 

to the cylinder wall. These act as nozzles and direct the steam 

mounted on a disc secured to the turbine shaft. This second ring 

turns the shaft as a result of the force of the steam. The 

stationary and moving blades together constitute a ‘stage’ of the 

turbine and in practice many stages are necessary. The steam 

passes through each stage in turn until it reaches the end of high 

pr. cylinder and in its passage some of its heat energy is 

charged into mechanical energy. 

 

The steam leaving the high pr. cylinder goes back to the boiler 

for reheating and is returned to the intermediate pr. cylinder. 

Here it passes through another series of stationary and moving 

blades. 

 

Finally, the steam is taken to the low pr. cylinder each of which 

it enters at the center flowing outwards in opposite direction 

through the rows of turbine blades an arrangement known as 

double flow to the extremities of the cylinder. As the steam 

gives up its heat energy to drive the turbine, its temp. fall and it 

expands. The turbine shaft rotates at 3000 rpm at 50Hz. The 

turbine shaft drives the generator to generate alternating 

current. 

 

When as much energy as possible has been extracted from the 

steam it is exhausted directly to the condenser. This runs the 

length of the low pr. part of the turbine and may be beneath or 

on either side of it. From the condenser, the condensate is 

pumped through low pr. feed heaters by the extraction pump, 

after which its pr. is raised to boiler pr. by the boiler feed pump. 

It passed through the further feed heaters to the economizer and 

the boiler for recon version into steam. 



 

 

 

 

 

 

 

 

 

SWITCHING AND TRANSMISSION: 

The electricity is usually produced in the stator windings of the 

large modern generators at about 25,000 volts and is fed 

through terminal connections to one side of a generator 

transformer that steps up the voltage 132000, 220000 or 400000 

volts. From here conductors carry it to a series of three switches 

comprising an isolator, a circuit breaker and another isolator. 

 

The circuit breaker, which is a heavy-duty switch capable of 

operating in a fraction of a second, is used to switch off the 

current flowing to the transmission line. Once the current has 

been interrupted the isolators can be opened. These isolate the 

circuit breaker from all outside electrical sources. 

 

From the circuit breaker the current is taken to the bus bars-

conductors, which run the length of the switching compound 

and then to another circuit breaker with its associated isolates 

before feeding to the grid.  

 

Three wires are used in a ‘three phase’ system for large power 

transmission. The centre of the power station is the control 

room. Here engineers monitor the output of electricity, 

supervising and controlling the operation of the generating 

plant and high voltage switch gear and directing power to the 

grid system as required. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 
 

 

 

 



 

 

 
 

 

 

 

 



 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CONTROL SYSTEMS 
 

 

There are two types of control loops in use in PTPS Unit-8 in 

the FCS:-  

 Open 

 Closed 

 

Following modes are available for control: 

 Auto 

 Manual 

 Cascaded 

 

The closed loops use PID controllers and open loops use AND, 

OR, SR flip-flops etc. The closed loops use: 

 Process Variable (PV) - the actual value of the parameter. 

 Set Value (SV) - the desired value of the parameter. 

 Manipulated Value – the value used to send out control 

signal. 

 Difference Value – it is the difference b/w PV and SV. 

 

Of all the ICS, HICS available, only HICS has the capacity to 

alter any control logic loaded in the FCS in live as well as shut 

down mode. 

 

Various indications are used in control system to indicate low, 

high, very low, very high values of parameters with different 

colors. 

 

To understand the various modes and loops involved, three 

examples of real plant control system are explained in the 

following pages. 

Example I: 
Statement: - The level of water in the boiler drum has to be 

maintained within specified levels to ensure that boiler water 

tubes do not starve due to lack of water or cause damage to the 

turbine due to the excess of water in drum overflowing into the 

turbine.   



 

 

 

 

 

   

 
 

EXAMPLE II: 

Statement: - The feeder speed has to be kept under control to 

maintain the level to coal in the mill. Excess of this quantity 

would lead to overloading of coal mill and inadequate quantity 

would lead to under utilization of the resources. 

 

As can be seen from the figure, there are three PIDs involved in 

the control system. The first one is in auto mode and the other 

two are in cascaded mode. Cascaded mode is the one in which 

the set value is decided by another stage and need not be 

decided by the user. 

 

The transmitter in the field indicates the coal level in DP. Two 

readings are taken and the better of the two as decided by the 

FCS is taken as SV for first PID.  

 

The level of differential pressure between the driving end of the 

mill and non-driving end of the mill is used as the set value for 

the first PID auto mode. The user, therefore, decides this SV. 



 

 

The MV of this PID gives the SV for the other two PIDs used 

to control the feeder rate. Thus they are in cascaded mode. 

 

 

 

EXAMPLE III: 

Statement: - Many types of equipment in the power plant need 

certain other equipments in a specified condition to ensure their 

smooth running. This example covers Forced Draft Fan (FDF). 

 

For running FDF, there are certain permissive and certain 

protections. The various permissive and protections form inputs 

for an AND gate as shown in figure. Thus it is an open loop 

control system. 

 

Another way of classifying permissive and protections is to 

classify them into initial permissive denoted by FDIL and those 

leading to tripping of plant denote by FDTT. 

 

FDIL (Permissive) comprises of :- 

 Inlet damper should be closed. 

 Lubricating oil pressure should be O.K. 

 At least one ID fan should be running; otherwise the flue 

gases would not escape. 

 Temperature of the NDE and the DE ends of the fan 

should be within     

          limits. 

 

FDTT (Protections) comprises of :- 

 Bridge temperature should not be very high. 

 Lubricating oil pressure should not be very low. 

 

For the drum to be controlled, either- 

 The speed of the motor should be increased or decreased 

according to the requirement of water level, or 

 The interlock fixed before the drum be closed to decrease 

water flow or opened to increase water flow and is 

opened to let excess water flow out or closed to stop out-

flow. 



 

 

 

The designer of the control system has to decide which of the 

above mentioned strategies he will employ. Suppose he chooses 

the later one, then,  

 

Process Variable = Level + Net Water Flow + Net Steam 

Flow 

 

 

 

Units of variables in PV :- 

 Level   -  mm 

 Net water Flow      - tonnes/hr. 

 Net Steam Flow     - tonnes/hr. 

 

The best way to make units of all the quantities involved is to 

convert them to their percentages:- 

 

NAME RANGE PV PERCENTAGE 

LEVEL -300 to 300 47.3 (47.3+300)/(300+300) 

NET 

WATER 

FLOW 

0 to 900 30 30/900 

NET 0 to 750 636.4 636.4/750 

 

PV = 57.88 + 3.33 + 84.85 = 146.06 

 

The SV is fed to the PID controller build for the purpose. 

 

 

CALIBERATION: - If pressure (1-150 kg/cm²) has to be 

measured, then 4mA stands for 1 kg/cm² and 20 mA stands for 

150 kg/cm². The intermediate ones are measure accordingly, 

say 75 kg/cm² for 12 mA. 

 

For measuring differential pressure, the pressure on both sides 

of diaphragm causes spindle to move giving output in current. 

 



 

 

For measuring flow, square root is calculated in microprocessor 

card. 

 

Earlier transmitters used to employ concept of change in 

capacitance due to movement of diaphragm to measure 

pressure. 

 

One of the most appreciated aspects of this instrument is the 

calibration of these devices can be done from computer in 

remote control room by HART protocol or BRAIN protocol.  

 

 

 

 

 

 

I/P CONVERTER 

 

If any control signals has to be sent to the field by the FCS and 

has implementation to be done by pressure, then this instrument 

requires I/P Converter whereby current is converted into 

pressure. In short, it is issued for controlling pneumatic valves. 

Pneumatic valves are used to control opening and closing 

valves partially, which is difficult to control through electric 

motors. The pressure exerts force on a diaphragm connected to 

a piston, which moves down closing the valve. 

 

WORKING: - A constant supply of air of pressure of range 0-

7 kg/cm² is maintained at one terminal. The input signal is of 

range 4-20 mA. When signal of 4 mA is received, the lid moves 

for enough from the nozzle to let an output pressure of 0-

20kg/cm² given out through the output pipe. When a signal of 

20 mA is received, the lid moves near enough to the nozzle to 

let air pressure of 1 kg/cm² flow through the outlet. For 

intermediate current values, pressure of range 0.2-1 kg/cm² is 

given out for exerting pressure. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DPU BUS 

 
The DPU Bus consists of electrical and optical cables and 

Optical Electrical Interface (OEI) couplers. The DPU Bus is 

designed with two totally redundant paths for communication. 

If one path fails, the other will handle all communication tasks 

with no loss of communication or DPU Bus performance.  

 

DPU BUS MODULE 

The DPU Bus Module or DBM manages the work station’s 

communication with the DPU Bus. It collects information from 

DPU’s on the DPU bus, stores it, and ultimately transfers the 

information to the appropriate processor(s) in the workstation. 

The collected data is comprised of alarm, event, trend, historical 

and general point information. 

The DBM also manages the transfer of data and control 

information from the other processors in the work station to the 

appropriate components on the DPU Bus. 

 

DISRIBUTED PROCESSING UNIT 



 

 

The DPU, the process controller, provides control ad data 

acquisition functions. It executes the configuration that you 

create using MAXTOOLS. It can be redundant or stand alone. 

 

I/O MODULES 

Rugged, high performance I/O modules provide conditioning 

for signals from filed devices connected to the I/O terminations. 

There are modules for digital and analog inputs and outputs as 

well as other special purpose modules.  

 

REMOTE PROCESSING UNIT HARDWARE 

DBMs, DPUs and I/O modules are installed in Remote 

Processing Unit cabinets. The standard RPU cabinet 

accommodates four and six modules wide I/chassis assemblies. 

 

DEFINING DISTRIBUTED PROCESSING UNITS (DPUs) 

The DPU, the process controller, provides control and data 

acquisition functions for the maxDNA Distributed Control 

System. It executes the configuration that you create using 

MAXTOOLS. The DPU may be configured as a stand alone 

module or as apart of a backup pair. In addition to its control 

and data acquisition functions, a DPU can be linked to a 

Programmable Logic Control (PLC) using any one of the two 

available DPU serial links. You may also use the serial links to 

download Excel, a MAX Control Systems programming 

language. 

The DPU executes all control and data acquisition functions 

including  

 Control and Data Blocks 

 Analog and Digital Buffers 

1.  Sequential Function Charts (SFCs) 

2. Function Block Diagrams (FBDs) 

3. Ladder Diagrams (LD) 

4. Instruction List (IL) 

 

DISTRIBUTED PROCESSING UNIT SPECIFICATIONS 

 

Operating temperature range 0 to 60degrees C 

Storage temperature range (-) 25 to 70 degrees C 

Relative humidity range 5 to 90% non condensing 



 

 

Power requirements 24 Vds ±4 Vds, 1.2 amps 

 

DISTRIBUTED PROCESSING UNIT FUNCTIONALITY 

The Model PDP Disturbed Processing Unit (DPU) performs 

primary data acquisition, control and data processing functions 

for the MAX 1000 Disturbed Control System. The DPU is a 

self-contained microprocessor-based, rack-mounted unit, which 

occupies a single slot in a Remote Processing Unit cabinet. It is 

designed to operate with user-defined combinations of MAX 

Model IOP Input/Output Modules and to communicate with 

other devices, such as Programmable Logic Controllers and 

Remote Terminal Units. 

As a DPU bus station, the DPU scans and processes 

information for use by other devices in the MAX 1000 system. 

Each DPU performs: 

 Comprehensive alarming and calculations. 

 Logging of Sequence of Events (SOE) data. 

 Acquisition of trend information. 

 Continuous scanning of Model IOP I/O modules. 

 Execution of predefined Control and Data Blocks for 

process control and data acquisition. 

 Execution of user-written programs using IEC 1 1 3 1-3 

Toolset. 

 Ladder logic processing. 

 Assurance of secure link-level DPU bus communications. 

 

I/O ADDRESSING MODEL IOP INPUT/OUTPUT 

SYSTEM INSTALLATION    PREPARATION 

 

INTRODUCTION 

The Model IOP input/output System links MAX 1000 

Distributed Control System to real world process control inputs 

and outputs. The Input/output system uses compact design to 

provide the MAX 1000 system with greatly enhanced I/O 

capacity in relatively little space. A close relationship exists, in 

turn, between this I/O system and the MAX 1000 Distributed 

Processing Unit (DPU) which it serves. 

Model IOP topics, which describe the installation and operation 

of the Model IOP, assume familiarity with the DPU and its 



 

 

configuration. For additional information on related topics, 

refer to the following: 

 Model PDP DPU Preparation and Adjustment 

 Control Block Configuration 

 Data Block Configuration 

 

ENVIRONMENT 

The Model IOP I/O operates in the temperature range of 0ºC to 

60ºC and a humidity range of 0 to 90% relative humidity, 

noncondensing. 

 

I/O BUS 

The Model IOP I/O uses an 8-bit parallel asynchronous I/O, 

capable of 10 microsecond transfers. The I/O bus interface uses 

LSI circuitry, for better reliability. Parity check and performed 

on all inputs and outputs, with additional security provided for 

outputs using a check-before-execute control strategy. 

Reliability is further enhanced by incorporating module address 

verification and multiple module detection checks. Bus fault 

detection is also performed by automatic confirmation of input 

data on every module. 

 

INPUTS/OUTPUTS  

All modules, both analog and digital types, withstand the 

normal or common mode connection (IEEE-472) and still 

maintain correct operation. Common mode transients are 

bypassed to chassis metal work. All points are optically or 

transformer isolated from the MAX 1000 I/O bus. Channel to 

channel isolation allows series for parallel connection between 

channels or external relay systems. All digital modules have 

logic state indication on the front panel, one indication per 

point. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTODUCTION OF SOME INSTRUMENTS 

USED IN PLANTS 

 

 

The instruments used in plant as stated above is divided into 

two categories: 

(1) Processing instrument 



 

 

(2) Recording & indicating instrument 

 

Mainly transmitter is used as processing instruments recorder, 

pen type recorder, indicator, temperature scanner & digital 

electrolytic conductivity monitor is used as recording and 

indicating instruments. RTD & thermocouple is used as sensor. 

Brief details of these instruments are given below and its 

application also:- 

 

TRANSMITTER : 

There are different types of transmitters are used. They all are 

uses for different purposes. Mainly it is used to measure 

pressure. This can be done with the help of sensing elements as 

diaphragm or below etc. It is also used for flow and level 

measurement. For this, orifices or other equivalent devices are 

used in conduction with the sensing element. 

 

This is a primary instrument and depends upon the 

displacement of the sensing element when subjected to pressure 

or differential pressure. Electrically it is a differential 

transformer. The primary coil is connected to a stabilized A.C. 

supply. The two secondary windings are differentially 

connected. 

 

Operating Principle : 

The I/P differential pressure (D.P.) is converted into electrolytic 

capacitance in the detecting unit. The variation of electrolytic 

capacitance is then amplified and computed in the electronic 

circuit to transmit O/P current. It can display output unit to be 

tones or kg/cm² or mm.  

 

Working : 

When pressure has to be measured, the medium passes through 

a diaphragm whose movement causes spindle to move in a 

magnetic field and EMF is generated. Thus, transmitter 

converts pressure into current. This current is converted into 

milli amperes by the microprocessor card. 

 

 

 



 

 

 

Note: All the measurements have to be converted to 4 to 20 

milli amperes as the computers in control room can accept 

current of this range only. Normally all instruments have 

microprocessor cards installed for this purpose.   

 

OXYGEN ANALYSER 

 

The steam water analysis station uses oxygen analyzer. It is 

designed to measure the net concentration of Oxygen in an 

industrial process i.e. the oxygen remaining after all fuels have 

been oxidized. This equipment is permanently positioned 

within the exhaust duct. No sampling is required. 

 

It measures oxygen by reading the voltage developed across a 

heated electro-chemical cell consisting of small Ythria-

stabilized, zirconium disc. Both sides of disc are coated with 

porous metal electrodes. It must be operated at a requisite 

temperature, which is supplied initially by a battery. EMF 

generated is given by- 

  

EMF=KT log10 (P1/P2) +C 

 

Where, P2 is the partial pressure of oxygen in the 

measured gas on one side of the cell. 

P1 is the partial pressure of oxygen in reference gas on the 

other side 

C is cell constant. 

K is arithmetic constant. 

        

        

       

The method used for measurement is that when the cell is at 

operating temperature and there are unequal oxygen 

concentrations across the cell, oxygen ions will travel from high 

partial pressure of oxygen to lower partial pressure side of the 

cell. 

 

 

 



 

 

 

 

 

 

 

ALARM ANNUNCIATION SYSTEM 

 

 

The alarm annunciation system is a very useful system in the 

working of Thermal Power Plant that indicates any abnormal 

process condition. As one enters the cabin of engineers 

operating the ICSs, one can see the huge panels containing 

display windows of this system. 

 

These systems work extremely well in noisy environment. It 

uses RS-485 communication protocol. The circuits use high 

speed CMOS VLSI Micro Controller Technology. Alarm logic 

and output do not responds to signals of less than 10 milli 

seconds. They use high impedance devices leading to low 

power consumption. 

 

 

E.g.:- PROCON Alarm annunciations system PAL 2100. 

 

 

The system is modular based (plug-in-type) which makes fault 

diagnosis easy. LEDs are provided on each module to indicate 

card failure and input failure. Various modules in the system 

are:- 

 

 -Processor Module 

 -Input module Repeat Relay Module 

 -Power Supply Rack System 

 -Intelligent Lamp Box 

 

 

According to the urgency associated with the annunciation 

system, the volume and the shrillness of the hooter is set. 

Whenever any series of annunciation comes, a button is 

available to detect the first one that propped up, being the root 



 

 

cause of the trouble. Also different colours of lamps are used to 

indicate the level of urgency, e.g.-Red, Yellow and Orange. 

 

 

 

 

 

 

 

 

UNINTERRUPTED POWER SUPPLY 

 

 

There are certain equipments, which cannot be shut down in 

case of power failure. For these vital equipments, UPS system 

is established which ensures uninterrupted power supply.  

 

The components of UPS are:- 

 -Rectifier and battery charger 

 -PWM inverter utilizing IGBT as switching devices 

 -Electronic Static Bypass switch 

 -Microprocessor based data monitoring and logging 

system 

  With LCD display. 

 

 

 Operation: The controlled rectifier is converting 3 phase 

AC into ripple free DC. Rectifier has to handle with Battery 

Charger power and inverted rated power simultaneously. 

 

 Battery charger decides battery charging modes as per battery 

requirement. PWM inverter controls O/P related parameters 

under distortion etc. The inverter is synchronous with bypass 

sources if frequency is within tolerable limits. 

 

 

Battery Operations: Battery provides power till end cell 

voltage reaches to 1.75V/cell and inverter trips due to 

battery low conditions. It starts replenishing, the moment 

main power resumes. 



 

 

 

 

Static Bypass Operation: If inverter fails, power is 

continued through static bypass. The transfer from inverter 

to static bypass and vice-versa takes place.  

 

 

 

 

Specifications: 

 

Rectifier         - Full Wave 

Load Power Factor       - 0.7 lag to unity within KVA & KW 

rating 

Battery Voltage        - 360 V (DC) 

Ripple without Battery -1% 

 

SEQUENCE EVENT RECORDER AND MASTER LOCK 

 

A machine dedicated to the very purpose of recording 

occurrence of any event with the resolution of one millisecond 

is installed in Unit called the Sequence Event Recorder. Thus, if 

any trouble pops up, a chain of disturbances follow. This device 

comes most handy in such situations to decipher the epicenter 

of the problem the only drawback the Unit-8 is that it has a 

S.E.R with a resolution of 1 millisecond. 

 

To make sure that all the computers in the Unit work with the 

same clock time and any delays due to aging of computers, all 

the processors are connected to the Master Clock connected to 

the Global Positioning System. This master clock sends 

synchronization pulses to the processors which updates their 

timings every second or every minute or every hour as per the 

requirement. 

 

TEMPERATURE MEASURING DEVICES 

 

Temperature measuring devices used in PTPS are RTD and 

Thermocouple. They both are suitable for automatic 

temperature control. Interestingly, they both look alike. For 



 

 

better accuracy, RTD is used. These are the only instruments 

which have their reading reaching the system cabinet directly, 

not through marshalling cabinet. 

 

The most widely measured and controlled variable in the 

Thermal Power Plant is temperature. Temperature is defined as 

the degree of hotness & coldness measured on a definite scale. 

Commonly used unit of temp. is degree Celsius (ºC). 

(a) Fahrenheit Scale 

(b) Centigrade Scale 

 

 

 

TEMPERATURE MEASURING INSTRUMENTS 

 

Temperature can be measured in the following ways: 

i) Expansion thermometer 

ii) Change of state of thermometer 

iii) Electrical measurement of temperature. 

 

EXPANSION THERMOMETER 

 

The principle of expansion thermometer is based on the fact 

that when a liquid, gas or solid is heated, it expands and this 

expansion is fixed for every degree of temperature change. 

 

a) Liquid in glass thermometer:- 

The most common form of liquid expansion thermometer 

is mercury in glass thermometer. It consists of a glass 

tube with a thin wall glass bulb at the lower end. Usually 

mercury is filled in the bulb. When the heat is applied to 

the glass bulb, it rises up the capillary column of the tube 

to indicate the temp. 

As mercury freezes at -39ºC. So for measuring very low 

temperatures other liquid like alcohol is used. 

 Liquid    Temp. range 

 Mercury    -36 to 510ºC 

 Alcohol    -80 to 7ºC 

 



 

 

For measuring high temperature, the thermometer’s glass 

stem above the mercury is charged with high pressure 

nitrogen. This helps to prevent of mercury. Valve at the 

bottom is provided for growing out the gauges for 

cleaning purpose. 

 

ADVANTAGES: 

1. Direct reading is possible. 

2. Special designs are available for use up to 316ºC & 

10000psi. 

 

DISADVANTAGES: 

1. It is read where the tank is located, which is not 

always convenient. 

 

 

 

 

THERMOCOUPLE: 

The working principle of thermocouple depends upon the 

thermo-electric effect. If two dissimilar metals are joined 

together so as to form a closed circuit, there will be two 

junctions where they meet each other. If one of these junctions 

is heated, then a current flows in the circuit. This can be 

detected by a galvanometer. The amount of current produced 

depends upon the difference in the temp. between the two 

junction and on the characteristics of the two metals. This was 

first observed by SEEBACK in 1821 and is known as see back 

effect. 

 

Instrument which reports the variation in current flow are 

calibrated in terms of temp. and are known as thermocouple 

pyrometer. The wires are joined at the ends which form two 

junctions, a measuring junction and a reference junction. 

Heating the measuring junction produces a voltage greater than 

the voltage of the reference junction. The difference between 

the two, voltage measured and voltmeter reading is converted to 

its corresponding temp. This conversion table is generally 

supplied by the thermocouple manufactures. 

 



 

 

ADVANTAGES: 

1. Rugged construction 

2. Simpler to use than resistance thermometer. 

3. Absence of need for bride circuit. 

4. Extremely wide temp. ranges from -270ºC to 2800ºC. 

5. Good accuracy. 

6. Calibration checking made easily. 

7. Good transmission distance. 

8. Good reproducibility. 

 

DISADVANTAGES: 

1. Non linearity of temp. voltage relationship. 

2. Chances of stray voltage pick up. 

3. Required much of an amplifier for many applications. 

4. Need for expansive accessories for control application. 

 

 

 

 

 

 

 

PRESSURE MEASUREMENT 

 

Pressure is the most important mechanical service variable & so 

its control is vital in Thermal Power Station. The range of 

pressure measurement in Thermal Power Station ranges from 

high vacuum below atmosphere (760mm of Hg column) to 

nearly 200 Kg/cm² including test pressure for boiler. 

 

VACUUM OR DRAFT PRESSURE: 

Pressure below atmospheric is said to be degree of vacuum or 

draft. For measurement of pressure, the bourdon, and 

diaphragm and below elements are used because of their 

flexibility and operation of various. Manometer elements using 

border and mercury as measuring liquids are used for lower 

ranges. For telemetry purpose the O/P from sensing elements is 

given to pneumatic or electric transducer. 

 

MANOMETER: 



 

 

A manometer is a gauge for measuring low pressure as well as 

pressure less than atmosphere. It is a kind of pressure gauge 

which uses liquid as its medium. There are different types of 

manometer. They depend upon the principle that the applied 

pressure is proportional to the height of the balancing liquid 

column and the density of liquid used. Depending upon the 

range required other liquids are also used. Mercury, at room 

temperature is about 13.6 times heavier than an equal volume of 

water. 

 

U-TUBE MANOMETER: 

The U-tube manometer consists of a glass tube bent in the form 

of U and partially filled with mercury or water. The size of the 

bore will not affect the height to which of the liquid will rises, 

however, too small a bore will give rise to capillary effect. 

 

Working: 

When there is a pressure difference between the two ends of the 

tubes, the liquid level goes down on one side of the tube and up 

on the other side. 

 

When a manometer is used to measure low pressure then water 

is used as the liquid and when a manometer is used to measure 

high pressure then mercury is used, as liquid mercury is almost 

14 times as heavy as water. 

 

 

 

Limitation: 

In the U tube manometer the application of pressure causes the 

liquid in one leg to go down while that in the other leg to go up, 

so there is no fixed reference. 

 

BOURDON TUBE: 

The simplicity & ruggedness of the bourdons gauge makes it 

the most frequently gauge. The reference pressure in the 

bourdons gauge is atmospheric pressure. Hence the dial reading 

gives gauge pressure. 

 

Construction: 



 

 

The gauge consists of the spark, tube encourage, bourdons tube, 

quadrant pinion, air spring, case, pointer & dial.  

  

Bourdons tube is a pressure responsive element made of one of 

the material. The end is to applied pressure, is soldered, brazed, 

welded or screw connected to the tube encourage. The either 

end which is sealed is connected to quadrant via link. 

 

Advantages: 

1. Low cost. 

2. Simple construction. 

3. Time tested in application. 

4. High accuracy, especially in relation to the cost. 

 

Disadvantages:  

1. Low spring gradient. 

2. Susceptibility to shock and vibration. 

 

The equipment is extremely sensitive at low concentrations as 

the output signals are proportional to the inverse of sample 

oxygen partial pressure. 

 

The analysis of this instrument is based on the ‘wet test’ as the 

measurement is done in the presence of all the products of 

combustion, including water vapor. The older apparatus is 

based on ‘dry’ gas basis. 

 

 

 


