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Chapteri 1
RAW MATERIAL HANDLING PLANT

1.1 Introduction

Raw Material Handling Plant(RMHP) or Ore Handling Plant(OHP) or Ore Bedding and Blending
Plant(OBBP) play a very important role in an Integrated Sidaht. It is the starting point of an
integrated steel plant, where all kinds of raw materials(Except Coal) required for iron making/stee
making are handled in a systematic manner, e.g., unloading, stacking, screening, crushing, beddi
blending, reclant#on, etc.

Different types of major rawnaterials useéin an integrated steel plant are:

Iron Ore

Lime stone

Dolomite

Manganese Ore

Ferro and Silico manganese
Quartzite

Coal
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For Blast Furnace routedn Making the main raw materials required are:

Iron ore lump

Blast furnace grade lime stone
Blast furnace grade dolomite
Coke

Sinter

Scrap

LD Slag

Mn Ore

Quartzite
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The main objective of raw material handling plant (RMHR/bandling plant(OHP)/ore bedding and
blending plant(OBP) is to

Homogenize materials from different sources by means of blending

Supply consistent quality raw materialsiaterruptedly to different customers
Maintain buffer stock.

Unloadingof wagons/rakes within specified time norm as permitted by railway
Raw material preparation (like crushing, screening etc.).

cC:.



The main functions of RMHP/OHP/OB&BP aiie :

Unloading& stacking of raw materials,

Screening of iron ore lump & fluxes material,
Crushing of coke/flux for base mix/ sintaix preparatio,
Dispatch of processed inputs to customer units

cC:

Different types of raw materials such as iron ore lump, iron ore fines, limestone, dolomite, mangane
ore, etc, are supplied by SAIL ngs §GOM of BSL, OGOM of RSP and BGOM, BE#ér purchased
from outside parties.

1.2  Different Raw Materials and their Sources
Sl. Raw Materials Sources
No.
1. | Iron Ore Lumps (IOL) Barsua, Kalta, Taldih, Kiriburu, Meghahatuburu, Bolan
Manoharprr, Gua,Dalli, RajharaRowghat
2. | Iron Ore Fines(IOF) | Manoharpur, Gua, Dalli, Rajhara BarsuaKalta, Taldih,
Kiriburu, Meghahatuburu, Bolani, Rowghat
3. | Blast Furnae (BF) | KuteshwarNandini
grade Lime Stone
4. | BF grade Dolomite | Birmitrapur, Sonakhan, BtwanathpurTulsidamar, Bhutan.
5. | Steel Melting Shoy Jaisalmerimported limestone from Dubai & Oman.
(SMS) grade Limg
Stone
6. | SMS grade Dolomite | Belha, Baraduar, Hiri & Bhutan
7. | Quartzite Bobbili (AP)
8. | Manganese Ore Barjamunda, Gua Ore Mines, MOIL(Puased)
9. | Mixed Breeze Coke | Generated insilthe plant (Bast Furnace & Coke Ovens
also inter plant transport as per requirement
10.| Mill Scale Generated inside the plant
11.| Flue dust Generated inside the plant
12.| LD Slag Generated inside the plant




Recent trend in Raw Material Usage: Usage of pellet in Blast Furnace
Pelletising:

Pelletization is an agglomerating process by balling in the presence of moisture and suitable additiv
like bentonite, lime etc. into-80 mm or larger size. These green @sllare subsequently hardened for
handlingand transporttion by firing at 1200° 135FC. Many times cement is added and pellet can be
divided into

a) Acid Pellets &

b) Basic Pellet
Low grade iron ore, iron ore fines and iron ore tailings/slimes accumweagedhe years at mine heads
and generated during the existing washing processes, need to be beneficiated to provide concentrate
required quality to the Indian steel plants. However, these concentrates are too fine in size to be us
directly in the exishg iron making processes. For utilizingsfine conceftrate, pelletization is the only
alternative available.

ADVANTAGES OF PELLETS:

Iron ore pellet is a kind of agglomerated fines which has better tumbling index as compared to that
parent oreand can be used as a substitute for the same.

Iron ore pellets are being used for long in blast furnaces in many countries where lump iron ore is n
available. In India, the necessity of pelletisation is realized because of several reasons and advanta
The excessive fines generated from the irommining andcrushing units for sizing the feed for blast
furnace and sponge iron ore plants are mosthytilized. Pelletisation Technology is the only route
that is going to dominate the Indian steel isiduin future.

Pellets have:

A Good Reducibility:
Because of their high porosity that is {26%), pellets are usually reduced considerably faster than
hard burden sinter or hard natural ores/lump ores.

A Good Bed Permeability:

Their spherical Isapes and containing open pores, gives tigend bed permability. Low angle of
repose however is a drawback for pellet and creates uneven binder distribution.

A High unifo30%): Porosity (25

Because of high uniform porosity of pellets, faster redocitd high metallization takes place.

A L e s snsumetiart thae sintering.

Approx. 3540% less heat required than sintering.

A Uniform chemical composition & very | ow LOI

The chemical analysis is to a degree controllable in the concentration procesisindimits dictated
by economics. In réidy no LOI m&es them cost effective.

A Easy handling and transportation.

Unlike Sinter, pellets have high strength and can be transported to long distances without fir
generation. It has also good resistatacgisintegration.
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Pellets

Fired Pellet
Good Quality

Fired Pellet
Bad Quiality

Right quality raw material is basic requirement to achieve maximum output at lowest operating cos
Quality of raw materials plays a very important and vital role in entire steel plant operationy Qualit
raw materials (incoming) and processadterial (ougjoing) is monitored by checking the incremental
samples collected from the whole consignment Samples are collected at Auto Sampling Unit
Sampling Unit. The samples prepared after quarter amdgonethod are séefor further analysis.



1.3  Quality Requirement of Raw Materials
Sl. No. | Material Chemical Physical
1. Iron Ore Lumps Fe Si® Al203 | -10mm= 5% Max
62.363.2% 1.8.8% 2.63.0% | +40mm= 5% max
2. Iron Ore Fines Fe SiQ Al203 +10mm= 5% Max
62-63% 2.3 3.6% 2.8 3.3% | - Imm= 30 % max
3. Lime Stone (BF) CaO MgO Si02 | -5mm= 5% max
grade. 43-50% 2.25%5%  3.56.5% | +40mm= 5% max
4, Dolomite (BF)| CaO MgO SiO2 -5mm= 5% max
grade. 30% 18% 5% +50mm= 5% max
5. Lime CaO MgO Si02 -40mm= 7% max
Stone(SMS) 52% 1% 1.5% +80mm= 3% max
grade(Jaisalmer)
Imported(Dubai)
6. Dolomite(SMS) | CaO MgO Si02 -40mm= 5% max
grade 29 % 23.5% 25% +70mm= 5% max
7. Mn Ore Mn= 30% min 10-40mm size
8. Coke Breeze Fixed C>70%, SiOA2-15% <15mm
Moisture 10-15% max
1.4  Process Flow Diagram of RMHP/OHP/OBBP

Iron Ore (Lump +Fines), Lime Stone, Dolomite (Lump + Fines), Mn Or

From Mines

h 4

Wagon Tippler/ Track Hoppe

Auto Sampler/

A 4

A\ 4

Sampling Unit

Base mix
prepaation unit

Designated Beds

y

Screening Unit

v

Y

Bedding &

Blending

\ 4

A 4

Despatch to Customer
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1.5 Material Handling Equipments

Major equipnent which are used in RMHP/OHP/OBBP-are

Sl. No. Major Equipments Main Function

1. Wagon Tippler For mechanized unloading of wagons

2. Car Pusher/ Side Arn For pushing/pulling the rakes faragon placemen
Charger inside the wagon tippler for unloading

3. Track Hopper For manual unloadingfavagons

4. Stackers/  Stacker cul For stacking material and bed formation
Reclaimer (SCR)

5. Barrel / Bucket Whee For reclaiming material from the bed
Reclaimer /SCR

6. Transfer Car For shifting equipmentgdm one bed t@another

7. Screens For screening to acquire desired size material

8. Crushers For crushing to acquire desired size material

9. Belt Conveyors For conveying different materials to the destinati

cugomers.

Unloading, Screening, Stacking and Blending of different Raw materials

Dependingon the types of wagons, raw materials rakes supplied by the mines through railways ar
being placed either in wagon tippler or track hopper for unloading. Theaymexgons for unloading in
wagon tippler ad /or track heper is as given below

For Wagon Tippler - BOXN, BOXC, BOST, NBOY

For Track Hopper - BOBS, NBOBS,
The material such as Iron Ore Lumps, Iron Ore Fines, Lime Stone, Dolomite, etc, univadegbn
tippler or track hopper is being conveyed through the series of belt conveyordtsidmated bed and
stacked there with the help of stackers/ Stacker Cum Reclaimer. Bed formation takes place by mean:
to and fro movement of stacker.

Number ofoptimum layers in a bed is controlled lgcker speedNumber of layers in a bed determines
the homogeneity of the bed and is reflected in standard deviation of final bed quality. More is th
number of layers; more is the bed homogeneity and lowestdhdard deviation.

Blending is the mechanized process of stacking & reclaiming to get wnptiresult in physical &
chemical characteristics of raw material; this means that blending is a process of homogenization
single/different raw materials over dlflength of pile/bed. Homogenization inas rapidly a the no

of layers exceeds 400 & the effect becomes constant after 580 layers.

Iron Ore Lump Screening:
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Screening of Iron Ore Lumps is necessary because Iron Ore Lumps coming from mines tmndéins
undersize fraction-{0 mm.), which adversely affects the blast furnace operatioarefdre, this
undersize fraction (fines) is screened out at Iron Ore Lumps screening section and then stacked in
designated Iron Ore Lumps beds, from which #aeeened ore is supplied to blast furnéseeened

Iron Ore Lumps is also called Sized Iron Ore.

Sized Iron Ore

Base Mix Preparation:

In some plants, base mix or sinter mix or ready mix for sinter igglpgepared at RMHP/OHP/OBBP

for better and consistent quality sinter and also for increasirigr plant productivity. Base mix is a
near homogeneous mixture of Iron Ore Fines, crushed flux (limestone and dolomite), crushed coke, L
slag fines, mill scalé|ue dust, etc, mixed at certain proportio

11



Flux:

Flux is a mixture of crushed Lime Stone and Dolomite in certain proportion required in sinter making
Fraction of (3mm.) in crushed flux is 90% and more. The main function of flux is to take tare o
gangue in blast furnace and also to increases the rate of reaction to form the goodlggaliyx acts

as a binder in sinter making to increase the sinter strength. Hammer crushers are used for crush
Limestone & Dolomite Lumps to required size(t&mnm.) > 90%.

BF Grade Dolomite

e
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Coke Breeze:

Another important ingredient in base mix is crushed coke of size fra@mom() 85% minimum.
Coke for base mix prepaton is received from coke ovens and blast furnace and is called mixed breeze
coke. The sizéraction (+ 12.5 mm.) is screened out and sent along with sinter to blast furnace as a ni
coke. The under size material is crushed in the two stage roll crusherimary and secondary roll
crusher to dueve requisi size fraction of -8Bmm.) 85%.

1.6 Customers of RMHP

Sl. No. | Customer Product/ Material
1. Blast Furnace Size Ore or Screen Iron Ore Lump
2. Sinter Plant Base Mix or iron ore fines, crbad
Flux, crushed coke, nut coke
3. Calcining/ Refractory SMS grade Limestone & Datoite
Plant

1.7  Benefits of RMHP/OHP/OB&BP

Provides consistent quality raw materials to its customer and also controlling the cost by:
1 Minimizing undersize in iron oreimp & flux by means of screening
1 Consistacy in chemic&& physical analysis by means of bedding & blending
1 Input quality over a time period is known
1 Metallurgical waste utilization

13



1.8 Safety and Environment

RMHP/OHP/OB&BP is a dust prone departmediie to handling of various types of Raw materials
and conversion of lumpy mass into fines by crushing & screening, hence use of dust mask, safe
goggles, safety helmet, safety shoes etc. is must. To take care of surrounding area Dust Extractior
Dust Supression system is installed. In some padty fog dustsuppression system also used.
Housekeeping is a major challenge for smooth operation in this department and requires spec
atention. Spillage of material, water, oil, belt conveyor pieces ideocontrolled by effective
housekeeping. This also leads to personal and equipment health and safety. It makes the surrounc
area operation friendly.
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Chapteri 2
COKE OVENS AND COAL CHEMICALS

2.1  Introduction

Coke making is the process to cenvcoking coal, through a series of operad, into metfurgical

coke. The process starts from unloading of the coal at the wagon tipplers & ends at sizing
transportation of coketBlast furnace.

Formation of Coal:

The plant & vegetations buriedhder swamp bottom during earthquakes or due to other environmental
changes were subjected to heat & pressure. During the initial period plant & vegetations decay to for
PEAT. Over a long period of time water is forced out due to tremendous pressur@wériierden &

due to heat generation, contieg the massa LIGNITE. Continuous compaction & ageing converts the
Lignite to Bituminous coal. This process takes million of years.

Types& Sources of Coking Coal:
Coals are primarily divided into two categes i.e. coking coals and non coking co@lsking coals are
mainly used in steel industries for coke making.
Indigenous coking coals are classified as:
Q Prime Coking Coal (PCC)
Q Medium Coking Coal (MCC)
While imported coking coals are classified as.
Q Hard oking coals (HCC)
Q Soft Coking Coal (SCC)

Coal is extractd from coal mines & processed in the coal washeries to lower down the ash content t
make it fit for coke making.

The differentsources of Indigenous coking coal are named after the respectiveriessihile imported
coking coals are named after the name of countries and are as follows:

PCC - Bhojudih MCC - Kathara
- Sudamdih - Swang
- Munidih - Rajrappa
- Patherdih - Kedla
- Dugda - Nandan
- Mahuda - Dahibari
-Chasnala
- Jamadoba
- Bhelatand
ICC (Hard)i Australia SCC -Australia
- USA -USA
-Mozambique
(Benga)
- Indonesia
- Canada

15



2.2  Properties of Coking Coal

Percentage of AsH:ower the ash percentage better is the coal. Indian coal normally contains a higt
percentage of ash. This is reduceddame extent by suitable beneficiation mssat the waséries.

Volatile Matter (VM): This is the volatile matters present in the coal which goes out as gas during
carbonization.

Free Swelling Index (FSI)The free swelling index is measure of thecrease in volume of coal when
heated under specific conditions. It is also known as Crucible swelling number (CSN)

Low Temperature Gray King coke Type (LTGK)The purpose of the test is to assess the caking
properties of coal or coal blend and the yidithe various byproducts during carbonipati

GieselerFluidity: This test measures the rheological properties of coal. This test tells about the initia
softening temperature, temmpéure at which maximum fluidity occurs, Plastic range, maximum fjuidi
and resolidification temperature. This is expressed in dial division per minute (DDPM). This test tells
about the compatibility of different coals in coal blend.

Inherent Moisture:This gives a very good idea about the maturity of the coal with adwsed of rank
the inherent moisture gendsatomes down.

Mean Max Reflectance (MMRRank of coal is determined by measuring the reflectance of coal, which
is determined by MMR valuddMR is directly proportional to the strength of COKE.

Table -1: Properties of incoming Indigenous and Imported coking coals

Coal Ash VM FSI LTGK Inherent | MMR
moisture

PCC 19-23 |21-23 >2.0 >E <15 1.10

MCC 207 25 | 2325 >1.0 >E <15 0.85

Imported 8-10 25-30 >5.0 >G4 <15 0.9

Soft

Aust Hard 8-10 18-20 >5.0 >G4 <15 1.25

USA Hard | 8-10 24-26 >5.0 >G4 <15 1.10

Mozambgue| 12- 14 | 24-26 >5.0 >G4 <15 1.15

(Benga)

Indonesia 1012 24-26 >5.0 >G4 <15 1.10

Hard
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2.3  Coal Handling Plant

Coke is one of the most important raw materials used to extract irontfr@nnon ore. The success of
Blast Furnace operation depends upon the consistent quality of coke, which is used in Blast Furna
The quality of coke depends upon the-pagbonisation technique, carbonization & poastbonization
techniques used in Cokeens. Precarbonization technique is conlienl by Coal hadling Plant.

Unloading & lifting of coal:

Washed coals from washeries are received at the Coal Handling Plant by Raviagayss. Generally

59 wagons, called a rake, are brought to the pla@t time. These wagons get unloaded in wagon
tipplers. Here the wagons are mechanically clamped & turned up to 172° to discharge the coal or
down below conveyors. Then through a series of conveyors the coal is stacked in coal yard througt
Stacker or diectly to the silos by tripper car. The coakd is dividal into separate segments where
different types of coal can be stacked in respective earmarked areas. It is very importaok to st
different types of coal separately so as to avoid mix up of tpestyf coal. Mix up of coal is highly
detrimental for coke making. From the coal yard, coal is reclaimed through Reclaimer & by a series «
conveyors gets transported to either crushers or silos as per prevailing system in different SAIL plants.

In some pants, coal from different sources are tgapand carriedoy conveyors directly to the silos.
Care is taken to load same grade of coal in the same silos, from where it is taken Weigihgfeeders
to the hammer crushers and then the entire blendedixdednsported to different coal towers by
conveyors.

Crushing & Blending:

The sequence of crushing & blending is different in different SAIL plants. The system of crushing th
coal & then blending is followed in RSP, whereas blending is done beforeirgyus other SAIL
Plants.

Importance of Crushing:

Coalis a heterogeneous mixture of organic and inorganic materials. Finer crushing of good coal leads
increase in specific surfacarea of coal grains which will increase the quantity of plastic rrakte
required for wetting and enveloping the inert material. Courser crushing of inferior coals leads t
generation of courser particles which are centers of weakness in coke matrix. Due to difference in t
plastic and shrinkage behavior of these inerth particles and rest of the charge, lodaésses are
deweloped and cracks appear adversely affecting coke quality. Crushing should ensure minimu
differences between different sizeadtions. Organic materialich particles are softer than those of
inorganicrich or ashkrich particles. Ash or inerts content is higher in larger size particles (>5 mm size)
and such particles needs finer crushing The mineral matter/inert reach component should be crushet
finer sizes compared to the reactive componengv¥en dispersion of inert particles in ttad charge.
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Fine crushing of coal is essential to homogenize the different inherent constituents of coal blen
Crushing of coal is done bhyammer crusher. Crushing also influence the bulk density of coaecimar

the ovens. Bulk density is the compactness or close packing of the coal charge in the oven. Higher-
bulk density better is the coke strength. It is desirable to have 80% to 828®&mim size coal after
crushing. This is known as crushing Index.wéwer over crushing is not desirable as teduces the

bulk density & increases micro fines which cause jamming in gasikdf system.

C.J. vio a vio B.D. Etlect af +6.3mm content ean BD
870
880

860 |—4 °
650 $7¢ i
50 o °§
3840 A Y 3860 jé(-—
Q | \ S $5¢

> 83¢ o5 /
8 s20 ,\0\ S840 g2

810 £3¢ . ,

75.0 800 8$5.0 90.¢ 40 50 60 70, 80 79.0 160 1.0
-32mm, 7, +0.3mm, 7,

Fig : Bulk density variation with Crushing Index and +6.3 mm content in coal charge

Importance of Blending:

Different coal has different properties. Some coals may be good in coking properties but high ash a
poor rank while others may have low ash and desired rank but poor coking properties. These propert
are additive in nature except Fluidity. As evidedicfrom the table under properties of caolak
Indigenouscoals contain a relatively higher percentage of ash and poor coking properties & Importe
coals contain a relatively lower pertage of ash and better coking properties. Hence blending of both
types of coal is necessary for obtaining the desired quality of coal blend. Blending plays a vital role i
producing good metallurgical coke. Blending is a process of mixing the different types of coal, i.e. PCC
MCC, Imported Soft & Hard, in different percage to obtain the desired quality of therl coal.
Howe\er blending is to be done in a very accurate manner so that required coke property does not
adversely affected. Blending generally done by adjusting the discharge of different types ofroaal
bunkers or silos to a common belt. The different type of coals gets thoroughly mixed during crushin
where blending is done before crushing. In case where blending is done after crushing proper mixi
takes place at several transfer points, i.e. dudischarge from one conveyor to anothenveyor
througha chute, during transportation to coal towers or service bunkers.

COAL BLEND QUALITY:

ASH 12% max
VM 23-25%
MMR 1.15t01.20
SULPHUR <0.7%

18



FSI 5t0 6
MAXIMUM FLUIDITY 300 to 600
MOISTURE 7109 %

2.4 Carbonization Process

The process of converting blend coal to metallurgical coke is known as carbonization. It id dsfine
heating the coal in absence of air. It is also the destructtibtadiion of coal. The carbonization process
takes place in a series of tall, narrow, roofed chambers made of refractory bricks called ovens. A speci
number of ovens constitute Battery. The ovens are mechanically supported by Structural &
Anchorage.

A battery can be classified as per sizede&gn. The moscommon classifications are:

a. Tall Battery i 7.0 m height.
Small Battery 17 4.5/5.0 m height.

b. Recovery type battey i Gas evolved during carbonization is collected and cleaned@blyct
plant. This clean gas is then used as a fuel gas throughout the Plant. Different chemicals ¢
extracted as bproducts during cleaning of gas.

Non-Recovery type batteryi No by products are formed as the generated gas acts as the fuel.

c. Top charge battery i Conventional battery with charginfrom the top.The charging cars
(machine that takes coal from coal tower to charge the ovens) run over the oven top and discha
the coal nto the ovens through charging holes on the oven top.

Stamp charged lattery 7 A cake like mass is formed by ramming the coal and is charged by
pushing the cake into the oven from Pusher/Ram side.

Blend coal from coal tower is charged from top to the ovens. Each oven is sandwiched between t\
heating walls from which heat tsansmitted to the coal charge inside tven. When coals charged
inside an oven, it gets heated up to form a plastic mass whatdliddies to form coke near the heating
walls. The heat passes to the next layer of coal and so on till they mbetcanter. During the process

of carbonization the coal charge first undergent@sturisation (drying) upto a temperature of 250°C.
Then it starts to soften at around 300°C. It then reaches a plastic or swelling state during 350°C
550°C. The entrappedagses are then driven out at 400°C to 7001 calorificvalue (CV) of Coke
ovens gas is around 4300 kcdl/fthe gas is cooled to 80 by ammonia liquor/ flushing liquor. The
mass ingle the oven then fsolidifies (shrinkage) beyond 700°C. Finally caokeproduced as a hard &
porous mass at around 1000°C.The total time taken for full carbonization is called coking time or cokin
period. The hot coke is then pushed out from the ovens. The hot coke is then cooled by water spray
dry nitrogen purging. Tlsiprocess is called quenching of coke. Galhecoke is ooled by water spray

for a period of 90 seconds and termed as quenching time. The cooled coke is then sent to Coke Sor
Plart for proper sizing & then to Blast Furnace.

19



Major Equipments:

Majorequi pment 6s/ machines used in the process of
Charging car: It collects the blended coal from coal tower & charges to empty ovens.
Pusher Car or Ram Car: Its functions are to level the charged coal inside the oven durir
charging & to puslout the coke mass from inside the ovenraféebonization

Coke Guide Car: It guides the coke mass during pushing to the Quenching car.

Quenching Car: It carries the hot coke to queamghower & dumps the coke in the wharf
after cooling.

These machinedave a lot of mechanical and electrical engineering devices in them. They have
hydraulic operating systems run by VVFD (Variable voltage and variable frequency drive) drives
controlled by PLC (Programmable Logical Controller) system. They are connecteatidny based
communication system which inw@sstate of artechnology.

OO0 OO

Quenching of Coke:

There are two method of quenching the hot coke:
1. Wet Quenching This is the conventional quelming system, where the red hot coke is cooled by
spraying it with wadr (phenolic water / BOD water). The coke thus produced contains around
5% of moisture.
2. Dry Quenching: In this system, the reldot coke is discharged into a closed chamber, where it is
cooled by purging nitrogen into it. The sensible heat of the hot colexdvered to produce
steam. The coke thysoduced contais around 0.2% of moisture and is of good quality.

2.5 COKE SORTING PLANT :

The coke, after wet quenching is dumped from thenghing car to a long inclined bed called wharf.
The Quenching car opetor should dump the quenched coke uniformly on the wharf from one end to
the other. Quenched coke should be allowed to remain in the wharf for about 20 minutes (retention tinr
so that the heat remained inside the coke comes out & evaporates the sor$awenTo maintain this
retention time, Wwarf is to be enptied out from one side & gradually progressing to the other side. If any
hot coke remains after quenching, then they areedobly manual water spray and is known as spot
guenching. However thigpot quenching is undesirable as it increases the moisture content in coke. Th
cooled coke is then taken to an 80 mm screen. The +80mm coke fractions are sent to coke cutte
crusher to bring down the size. The hard coke of size +25m80tom size are #n segregated to send

to Blast Furnace. C@draction of 45mm to-25mm, which is called Nut coke, is also segregated & sent
to Sintering Plants. Thel5mm fractions, called fine breepe breeze coke, are also sent to Sintering
Plants.

In case of dry genching, the coke is discharged from the chamber and passes through the same proc
of sizing and screening.
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2.6 PROPERTIES OF COKE

ASH:
Ash in coke is inert & becomes part of the slag produced in the Blast Furnace. Hence, ash in coke |
only takes way heat but also reduces the useful volwohéhe furnaceHence it is desirable to have

lower ash content in the coke. The desired ash content is less than 15%.

VOLATILE MATTER (VM):

The VM in coke is an indicator of completion of carbonization & leethe quality of coke produced. It
should be as low as possible, i.e. < 1%

GROSS MOISTURE (GM):

It has got no rle to play in the furnace. It only takes away heat for evaporation. Hence least moistur
content is desirable. However during water quenchargain amount of moisture is inevitabkelevel
around 45% is desirable.

MICUM INDEX:

Micum index indicates the cold strength of cokejpMalue indicates the strength of coke against
abrasion. Lower the M value better is the abrasion strength. AyMalue of around 8.0 indicates good
coke strength. v value indicates the load bearing strength or strengtmsigaipact load. Coke having
lower My value will crumble inside the furnace which will reduce the permeability of the burden and
cause restance to the gasses formed in the furnacedve upwardsA good coke should have a;M
value more than 80.

COKE REACTIVITY INDEX(CRD:

Coke reactivity determines percent weight loss of coke, as a result of carbon dioxide action on the co
at temperatr e 1100 . |t i's the capacity of the co
atmosphere inside the furnace. Hence less the @lRéybetter is the coke. Desirable value should be in
the range of 21 24.

COKE STRENGTH AFTER REACTION (CSR):

It denotes the strength of the coke after passing through the reactive environment inside the furna
CSR for a gooaoke should be in range of @b. It is also known as hot strength of coke.

CRI &CSR are also known as hot strength of coke.

COKE SIZE:
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The size of coke is most important to maintain permeability of the burden in the furnace. The require
size for Blast Furnace is more th@5mm size & less than 80mm size. If the undersize is more the
permeability decreases as smaller coke pieces fitheproids & increase the resistance to the flow of
outgoing gasses. If the oversize is more the surface areaefocdke reactions reduces. Hence the size
of the coke is to be maintained between +25mpr8&mm

ROLE OF COKE IN THE BLAST FURNACE:

Coke plays a vital role in Blast Furnace operation. For stable operation of the furnace, consistent qual
of coke is most important. Variath in coke quality adversely affects the Blast Furnace chemistry. The
roles of coke in Blast Furnace are:

It actsas a fuel.

It acts as a reducing agent.

It supports the burden inside the furnace.
It provides permeability in the furnace.

(I I B I B O

2.7 Coal Chemicals

Process of heating coal in absence of air to produce coke is called coal carbonizdé@stiuative
distillation. Purpose of coal carbonization is to produce coke wherga®duact is coke oven gas. From
coke oven gas, various by products like tar, benzol, naphthalene, ammonia, phenol, anthracene etc.
produced. Generally high temperaucoal carbonization is carried out in coke oven battery of
integrated steel plants at temp of 1AW0 deg. Centigrade.

In the byproduct plantmajor byproducts like tar, ammonia and crude benzol are recovered from the
coke oven gas evolved duringat@arbonization. The output of the gaseous products, their composition
and properties depend on the coal blend used for coking, the heating regime & the operating condition
the battery.

Tar separated out of coke oven gas as a mixture of large quawfiti@rious chemical compounds.
From tar, a number of products are separated in the tar distillation plant which have market dema
Among the taproducts, naphthalene is the costliest item & its yield %06 of the tar distilled. Other

tar productsre road tar, Anthracene, pitch creosote mixture, medium hard pitch & extra hard pitch etc.
Ammonia in the coke oven gas is recovered as Ammonium sulphate, which is used as a fertilizer
agriculture sector. Output of crude benzol depends on the V.Mman the coal blend and temperature

of coking. Light crude benzol is rectified in benzol rectification plant and the benzol products obtaine
arebenzene, toluene, xylene, solvent oil etc. Yield of benzol products varies fr@38®f the crude
benzolprocessed. The by products recovered in the process are very important and useful .Tar is us
for road making and as fuel in furnaces. Pitch is used for road making. The benzol products lik
benzene, toluene, phenol, naphthalene and xylene etc. aretanmpmputs for chemical industries
producing dyes, paint, pharmaceutical, insecticide, detergent, plasticiser and leather products.

The cokeoven gas from Coke ovens contain lot of impurities, which needs to be properly cleaned befol
being used aa fuel gas for Coke Oven heating as well as elsewhere in Steel Plant. The impurities i
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coke oven gas are mainly tar fog, ammonia, naphthalene, hydrogen sulphide, benzol, residt
hydrocarbon and traces of HCN. Cleaning of coke oven gas is done by pgassmggh a series of
coolers & condensers and then treating the gas in ammonia columns, saturators, washers,
precipitators, naphthalene wastiebenzol scrubbers etc. for removal of these impurities. After the
cleaning operation, the final coke ovgas still contains traces of impurities. Quality of coke oven gas
depends on the contents of various impurities and its heat value. Typical analysis of impurities in go«
quality coke oven gas is as followkar fog: 30 mg/Nm3 £ 10mg, Ammoni80 mg/Nm3 £10mg,
Napthalene250mg/Nm?3 + 50mg, Hydrogen Sulphid200 mg/Nm?3 + 50mg, HCNTraces, CnHm1.5

to 2.5% .

2.8 By Products Plants of Coke Ovens
The Gas generated in the Coke oven batteries during carbonization process is handled and cleaned ir
By Product Plant. During the process of cleaning the gas some By Products are separated out and cl

Gas is used as fuel in the plant. Following process are involved in cleaning the gas.

TAR AND LIQUOR PROCESSING PLANT

The tar and liquor processing plarmbpess the flushing liquor that circulates between the by product
plant and the coke oven battery. It also processes the waste water that is djdayetiadecoke making
process and which results from coal moisture and chemically bound water in the le®amaln
functions of these plants are as follows:

1 Continuous rapid separation of a suitable flushing liquor streams. This is the very importan
function since flow is needed to cool the hot oven exit gases down to a temperature which can
handled in theas collecting system.

1 Separation of a clean and tar free excess ammonia liquor for further processing.

1 Separation of clean tar essentially freexfrvater and solids.

Since the flushing liquor supply is very important, stand by equipment are normallidgd for
flushing liqguor decanting and recirculation. The flushing liquor flows into tar decanters where the ta
separates out from the water and is pumped to tar storage for processing in tar distillation plant. Heav
solid particles separate out mnathe tar layer and these are removed as tar decanter sludge. The aqueo
liquor is then pumped back to the battery, with a portion bled off froroitbeit which is the coke plant
excess liquor or waste water. This contains ammonia and after the fentih@ral of tar particles, it is
steam stripped in a still.

PRIMARY GAS COOLER

After separation of tar and ammonia liquor from gas, gas is fed into gas cooler where temperature of ¢
is lowered down by means water sprinkling. Primary gas cooletwarebasic types, the spray type
cooler and the horizontal tube type. In spray type cooler the coke oven gas is cooled by direct cont:
with recircdated water spray. As the coke oven gas is cooled, water, naphthalene and tar condens
out. The condensatcollects in the primary cooler system and is discharged to the tar and liquor
processing plant.
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ELECTROSTATIC TAR PRECIPITATOR

As the raw coke oven gas is cooled, tar vapour condenses and forms aerosols which are carried al
with the gas flow. Thestr particles contaminate and foul downstream processes and foul gas lines an
burner nozzles if allowed to continue in downstream. The tar pratpitypically uses high voltage
electrodes to charge the tar particles and then collect them from they gasans of electrostatic
attraction. The Tar precipitator can be installed before or after the exhauster.

EXHAUSTER

Exhausters are installed which sucks the gas generated in the batteries and sends to the des
destination for futher processing. Another function of the exhauster is to maintain steady suction as pe
requirement so as to maintain the hydraulic main or gasatwly main (GCM) pressure. The exhauster

is of prime importance to the operation of the coke oven batteajlows the close control of the gas
pressure in the collecting main, which in turn affects the degree of emission in the battery like doc
emission. A failure of the exhauster will immediately result in venting to atmosphere all the generate
the raw oke oven gas through the battery flares / bleeder.

AMMONIUM SULPHATE PLANT (ASP)

Due to the corrosive nature of ammonia, its removal is very mecéssary in byroducts plants. The
removal of ammonia from coke oven gas results into yield of ammonilphate The ammonium
sulphate processes are basically involves contacting the coke oven gas with solution of sulphuric acid.
Raw coke oven gas from Exhauster outlet is passed through the saturators filled with Sulphuric Ac
(H2SOy), where ammonia presemt the gas is precipitated in the form of ammonium sulphate. Acidity
of the saturator liquor is maintained at 3 % to 5 %. This ammonium sulpisatle &s Fertilizer.

FINAL GAS COOLER (FGC)

Final gas cooler removes the heat of compression from theosekegas which it gains while flowing
through the exhauster. This is necessary since the efficiency of many ofpihedigt plant processes
greatly improved at lower temperature. Gas coolers typically cool the coke oven gas by direct conte
with a cooing medium.

BENZOL RECOVERY PLANT (BRP)

Benzol present in the raw coke oven gas is removed in this unit. The gased frassigh solar oil /
Wash oil in the scrubbers. The benzol gets absorbed in the oil. Benzol richeailts distillation unit
where oil and crude benzol are separated. The oil is reused in the scrubbers. The clean coke oven g
used by the consumers through gas net work maintained by Energy Management Department.

24



NAPTHALENE REMOVAL

Naphthalene is raoved from coke oven gas in a gas scrubbing vessel using wash oil. The vessel can
of packed type and it can be of the void type in which the wash sprayed into the gas in several
stages.

BENZOL RECTIFICATION PLANT

Light crude benzol from benzol recovery plant is further processed in this unit and following by
products are recovered:

Benzene

Toluene

Xylene

Carbon diSulphide (C9

aoop

TAR DISTILLATION PLANT (TDP)

Tar recovered from GCPH further processed in TDP. The main products of TDP are:
(@) Tar
(b) Pitch
(c) Pitch Creosote Mixture (PCM )
(d) Naphthalene
(e) Anthracene oll

ACID PLANT

Sulphuric acid is produced in acid plant by DCDA (Double Conversion Double Absorption) piacess
this process sulphur is converted to Sulphur tri oxides$0Opresence of catalyst Vanadium pentoxide
(V20s) and then to Sulphuric acid. This acid is used in Ammonium Sulphate plant for removal of
ammonia fromaw coke oven gas.

PETP / BOD PLANT

In Phenolic Effluent Treatment Plant (PETP) or Biological Oxygen Demand (BOD) Plant, the
contaminated water generated from wholecole oven is treated to make it clean from the effluents
with the help of Bacteria. The treated watethisn used for quenching hot coke in the quenching towers.
The norms for different effluent after treatment at BOD plant are:

Ammonia 50 ppm
Phenol : 1 ppm

Cyanide : 0.2 ppm
Tar & Ol : 10 ppm
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Coke Oven Gas (COGas):

The most important byproduct @foke oven is the raw Coke oven gas. The basic constituents of clean
coke oven gas are:

Hydrogen - 50 to 60%
Methane - 25 to 28%
Carbon Monoxide - 6 to 8%
Carbon Dioxide - 3t0 4%
Other Hydrocarbons - 2 t0 2.5%
Nitrogen - 210 7%
Oxygen - 0.200.4%
Calorific value - 4300 kcal / M

PROCESS FLOW DIAGRAM OF COKE OVEN & CCD
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2.9 Pollution Control Norms

To protectthe environment, Central Pollution QGaml Board (CPCB) has laid down strict pollution
control norms. The different norms for coke ovens with respect to PLD (Percentage Leaking Doors
PLO (Percentage Leaking Off take), PLL (Percentage Leaking Lids) and Stack Emission are as follows

FACTORS NEW BATTERY EXISTING BATTERY
PLD 5 10

PLL 1 1

PLO 4 4

SO 800 mg/Nnt 800 mg/Nnt

Stack Emission 50 mg/Nni 50 mg/Nn1

Charging Emission | 16 sec/charge 50 sec/charge

ISO 14001: 2004s an environment management system which deals with the ways and means to mal
the environment pollution ée. Its main thrust is to make Land, Air & Water free of pollutants.

2.10 Safety

Safety is the single most important aspect in the steel industry. This aspect covers both personal as \
as equipment safety. The usePPE s (Personal Protective Equipi)és a must for the employees in

the shop floor. The use of PPEs like safety helmet, safety shoes, hand gloves, gas masisssthaat r
jackets, goggles and dust masks are to be used religiously while working in different areas of col
ovens.

Different laid down procedures like EL 20 / permit to work, as followed in different steel plants, are to
be strictly followed before taking any skadwwn of equipment for maintenance.

The stipulated SOPs (Standard Operatittgcedure) and SMPs (Standard Maiatese Procedure)
should be adhered to strictly.

Persons should be cautious about the gas prone areas and should know abauh#zarga. EMD
clearance is a must before taking up any job in gas lines or gas prone areas.

A life lost due to any unsafat is an irreparable loss to the company as well as to the family which can
not be compensated.

5-S SYSTEM (WORK PLACE MANAGEMENT):

5 S system is an integrated concept originated by the Japanese for proper werkngahagement.
Takasi Osada, the authof this concept says 5 s activities are an important aspect of team work
applicable to all places.
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1 S:seirii |Itis the process of distinguishing, sorting & segregation between wanted
& unwanted items in a work place @moval of the unwanted.

2S:seitoni ltisthe process of systematic arrangement afatis in a suitable place.

3S:seisad Itisthe process of proper house keeping of the work place includotgganing of all
equipments.

4S:seikestui Itisthe process of standardization

5S:shitsukei Literal meaning of shitsuke is discipline. It is the process of following the systen
meticulously.

2.11 1S0O 45001:2018 (Occupational Health and Safety Management Systgm

OH&SMS provides a formalized structure for ensuring that hazards are identified, their impact on sta
assessed and appropriate controls put in place to minimize the effect. It further assists a company
being legally comliant, ensuring appropriate commurtioa and consultation with staff, ensuring staff
competency and having arrangements in place to deal with foreseeable emergencies. It is not concer
with the safety of the product or its end user.

It is compatible with the established 1ISO 9001(Qualétgyl ISO 14001 (Environmental) management
system standards. This helps to facilitate the integration of the quality, environmental and occupatior
health and safety management systems within the organization.

Impactsof fully implemented OB.SMS are:

(a) Risks and losses will be reduced and/or eliminated

(b) Reduced accidents, incidents and costs

(c) Reliable operations

(d) Compliance to rules, legislation, company standards and practices
(e) A systematic and efficient approach to health and safety at work
() Positive companymage and reputation
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Chapteri 3

SINTER PLANT

3.1 Introduction

Sinter Plant agglomerateg&on ore fines with otherfine materialsat high temperature, such
that constituent materials fuse together to make a siogteipmass.

A large quantity of iron @ fines is generated in timeines, which cannot be chargkcectly
into the Blast furnace. Moreover many metallurgical wastes are generatibe isteel
industry itself, disposal of which is very difficult. In order to consume dkiierwise waste
fine materials, they are agglomerated together and made into lbsnpgrocess known as
SINTERING.

Sintering is the process of agglomeration of fines (steel plant wastes) by indysemt
causedby heat available from the fuel containedin the charge. This technology was
developed for the treatment of waste fines in the earfy @Mtury.Since then sinter has
become the widely accepted & preferred Blast furnace burdeerial.

Raw materials usedin Sinter Plant

1. Ironore fines

2. Lime stonefines

3. Dolomitefines

4. Cokebreezdines

5. B.O.F.Sludge

6. BurntLime

7. Mills Scale

8. B.O.F.Slag/ L D slag

9. BF Returnfines

10. InternalSinter Returnfines

3.2 SinteringProcess

The Iron ore fines, lime stone fines, dolomite fines, lime tdusoke breeze and other
metallurgical wastes are proportionedased on charge calculation. These chargius
mixed in a balling drum with the addition of water and then loaded into grate®ving
pallets. The purpose of Balling drum is to mix the raw materials (caliledmix) with water
and makeballs. After mixing andball formation(nodulization

) this base mix (now called green mix) is loaded on moving sinter machine a&RTH
LAYER which consists of finished sinter of size fraction 10 to 2Chorms the bottom layer.
Green mix isloaded above the hearth layer. As soon as tfagematerials reaches the
ignition furnace, Top layer of green mix chargeignitedin the IGNITION FURNACE by
burning of gasesmainly CO gas. Air is drawn
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downwards througlExhaustersor WasteGas Fans. The heatfrom top layer is gradually
transferred to subsequent bottom layers. . Due to burning of coke pdrtoldisg take place
between the grains and a strong & porous aggregate is fdcrmeed wn as A SI NT
sintering process is over when bottorydacoke fineburningis completed.

The sinter cake is then crushedpled, screene@dnd dispatched to Blast furnadéne ideal
size of sinter required in blast furnace is in between 5mm to 40mnt. Sinen size sinters
arescreened returnedbackto sinter bins.

TERIRRRIL

Figl: SinterMachineat SP3, Machinel
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Sinteringof fines by the undergratesuctionmethodconsistsof the mixing of fines
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with finely crushed coke as fuel and loading the mixture on the pallet grates. Ighitien
fuel proceeds on the surface of chatge a special ignition arrangementalled ignition
furnace (where gaseous fuel is burnt to produce high temperatignaiteothe fuel in sinter
mix)

Simnant<cESmTagE

CO2 heatis evolved

cao & SQ,

2CO
REDUCTION:

3Fe,0,+ CO =, 2Fe,O,+ CO,

The gasesusedin ignition furnaceare mainly coke oven gasor mixed gas. Mixedgasis

combinationof coke oven gas and blast furnace gas. Furtherthe combustions continued
due to suction of air through theeyers of thecharge by means @&xhaustersDueto this, the

procesof combustiorof fuel graduallymovesdownwardsup to the grates.

Fromthe schemeobtainedin afew minutesafterignition, it is observedhathe
sinteringprocesscanbedividedinto six distinctzones:

1. Zoneof Cold Sinter (60to 100°C)

2. Zoneof hot Sinter (100to 1000°C)
3. Zoneof intensivecombustionof fuel  (1000to 1350°C)
4. Heatingzone (1000to 700°C)
5. Zoneof Preheating ofcharge (700 to 60°C)

6. Zoneof Recondensatiomf moisture (60to 30°C)

In all the zones except the zone of combustion, the reactions taking place arehmrmedl
whereas in thezoneof combustionreactionsare thermaland chemical.

The maximumTemperature attained in the zone of combustion will be 13BD°C. The
vertical speedf movemenbf thezonesdepend®n theverticalspeedof sintering.

Heatfrom the zoneof readysinteris intensivelytransmittedo the suckedair. In the
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zone ofcombustion of fuel hot air and preheated charge comes into contact withthesrch
which with the burning fuel will result in the formation of high temperatieximum
temperature will be developed in this zone and all the physicamicalprocess takes place
resulting in the formation of Sinter. In the zone of-peating theharge is intensively heated
up due to transfer of heat from the sucked productarhbustion. Inthe zone of re
condensation of moisture, the exhaust gases deoolng transfer excess moisture to the
charge. Temperature of this zone shagegreaseandwill not increasdill all the moisture
is drivenoff.

As the fuel in the zone of combustios burnt away, Sinter, the height of whitttreases
towards the grates, is formed above this zone from the red hofla&minass, forcing out
subsequent zones. Disappearance of the zone of combustion theeansd of sintering
process.

The sinter cakesithen crushed;ooled, screened@dnd dispatched to Blast furnadéne ideal
size of sinter required in blast furnace is in between +5mm to 40mm:- 5rhm size are
screened returnedback to sintebin. (CalledIn plantreturn fines)

Following Approximate charge proportion will be required to make one ton ofinter

(Wet basis)-
Orefines : 750-825kg
Coke :65-70kg
Mill scalet fines : 26Kg
Lime stone : 150-180kg
B.O.F. Sludge : 02kg
B.O.F.Slag : 20Kg
Dolomite : 30-40kg
BurntLime : 20kg
BF Sinter return : 100 kg
In plantsinterreturn |: 456 kg

Note- All above mentioned data varies in different plants under SARactorsaffecting
sintering process:

1. Quality of Input raw materials

a. Qualityof Ironore fines :
: +10 mmshouldbenil
: -Immshould be80% maximum
> Alumina (Al ,03) 2.55%maximum
: Silica(Si0y) 2.91%maximum

Increase in +10mm fraction will result in weak sinter & low productiliyrease ii 1mm
fraction will decrease bed permeability resulting in lawductivity Increasein % of
AluminaincreasefRDI (ReductionDegradation
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Index) resultingingenerationof 1 5mm fraction& also resultingn chutgamming.(Dueto
high Aluminain

Base/Mix.

With increase of SiO2 level in Iron ore fines, glassy phase in sinter increasasisesl
brittlenesgn sinter.

b. Qualityof Flux
: -3mmfractionshouldbe 90% minimum (Crushingindex)
: Lesscrushingindexresults infreelime, causingweaksinter

c. Qualityof Coke
: -3mmfractionshouldbe 85% minimum (Crushingindexof coke)
: +5mmfractionshouldbenil
. Increasan 5Smmfractiondecreasethe productivity
. Increasen lessthan0.5 mm particle sizein coke causesncreasen coke
consumptiorduringsintering

2. Moisture :

Moisture in the form of water is added in the base mix in Mjilebulizingdrum. Water
acts as binder of base mix. Addition of water in base mix playspartant rolein sinter
bed permeability. Ideally 7 to 8% of total base mixnatteris used. Higher % of water
results in low permeability & less sinterisgeedLess % of water results Iass balling,
hence less permbility, resultingin low productivity.

3. lgnition furnace temperature:

Ignition of sinter mix is carried out througignition hearth where a temperatwe1150 to
1250°C is maintainedby burninggaseous fuel by the help optimwin/gasratio.

32.5%0f CO gas& 67.5%of BF gasis usedto maintaincalorific value 1900kcal/mi. Now a
day Sintering Plant, Bhilai Steel Plant uses Coke Oven Gasalofific value 4150
Kcal/Nm3.

Very Higher hearth tempature results in fusing of sinter at top layer. This cedthe bed
permeability, hence low productivity. Low hearth tempemtgsults inmproper ignition.
The sintering process will not be completed, hensmm fractionwill increase, i.ere-
circulatingloadwill increase.
Note- BF&CO gasmixing ratio and calorific value varies in different plantsof SAIL

4. Coke rate :
Coke acts as a solid fuel in base mix in the sintering process. It is normally635otdotal
charge. Higher coke rate will fasthe top layer, thereby decreasing beel permeability.
Stickerformationwill increaseLow coke ratewill resultin incompletesintering.

5. Machine speed:

The speedf sinter machine can be varied as per the condition of sintering pr&E3s.
(Burnt Through Point) temperature decides the completion of sintering prdicisssbserved
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normally in second last wind box from discharge end side of smtahinewhere the
temperaturg@eachesip to 400°C (approximately) Highermachinespeed lower BTP causes
mordé 5mm generation, hence lower productivity. Loweic speed, higher BTmperature
causedow productivity.

Note: BTP: Exhaustgastemperaturevhich indicatesthe completionof sinteringporocess
iscalledBTP. It is approximateharound400degreecentigrade.

Crushing, Cooling & Screeningof Sinter

The finished Sinter cake is then crushed to the size of 200mm by using cr@siwnsg of
finished crushed Sinter is then done on cooler by means of air blffaexsd draught fans),
so that cooledischarge end temperature is about860degreeentigrade For effective
cooling, bigger size of sinter should be ortbm portion &mallersizeshouldbe on thetop.

Finally variousfractionsof Sinterare screenedut. -5mm fraction of sinter,returrs back to
bunkers. 15 to 20mm fraction is also screened out to be usbe@athlayer. Restsizesgoes
to blast furnace. After screening,+10mm fraction should be 65%minimum and i 5mm
fractionshouldbe 6% maximumasperrequiremenbf blastfurnace.

Advantagesof using Sinter

1. To utilize the ore fines generdteat mines to transform to an acceptable feed
blastfurnace

2. To utilize economicallyall the metallurgicalwastedike Mill scale,L.D slag,
B.O.Fslurry, Flue dustferro scrap etc.

3. To utilize the coke breeze generated in coke screening at coke ovens as fuel
otherwisehasno metallurgicaluse

4. As the calcination of flux takes place in sinsérand, supefluxing savesnuchmore
cokein the furnace.

5. Increaseof sinter percentagan Blast Furnaceburden, increaseshe permeability,
hence reduction and hea rate of burden increases, so theoductivity also
increags.Cokerate isalsoreduced irBlastfurnace.
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6. Minimal fraction of total mass of impurities, Viz. sulphur, phosphorous,
zinc, alkali isreduced

Improvedquality of hot metal.

The softening temp. of sinter is higher and melting zomaisow. This
increases the volume of granular zone and shrinks the width of cohesive
zoneconsequently,thdriving rateof BF becomebetter.

© N

PROCESSFLOW DIAGRAM OF SINTER PLANT
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3.3 Quality Parametersof Sinter (Subjectto Requirement of BF)

Chemicalcomposition Physicalcomposition
1. FeO % 8.0to 11.0 | Sintersize 5mmto 40mm
2. MgO % 2.6t0 3.0 Meansize 18mmto 21mm
3. Available lime| 3.4t0 6 DTI 70% MIN
(Ca0Si02)%
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4. As per BF RDI 30%MAX
Requirement

5. SiO2% 4.8t05.2 + 10 mm 65 % min.
6. Al203 % 3.0 +40mm 9 % max.
7. Basicity. 1.6t02.1 -5mm 6% max.

Note- Quality parametersf sintervariesin different plantsunderSAIL.

Quality parameter definitions:

Tumbler index (DTI): The cold strength of sinter is determinedthg tumbler test

,and depends on the strength of each individual ore compahe strength of the
bonding matrix components and the ore composition. This téstntiees the size
reduction due to impact and abrasion of the sinters during their handling,
transportation, and in the blast furnace process. Studies of the fracture strength of
several mineral phases have allowed the following order to be establisimealypr

(or residual) hematite > secondary hematite > magnetite > ferrites. Cold mechanical
strength is directly related with the tendency for fines to form during tratzmm
andhandlingbetween the sintenachineand theblastfurnacethroat.

Reduction Degradation Index (RDI)

Sinter degradation during reductiahlow temperature isnore usually determined

by the RDI static test ,which is carried out at 550 °C. Low values are desirable for
this index. The RDI is a very important parameter that is asea reference in all
sintering work and servesto predict the sinter's degradation behavibe lower
parof theblastfurnacestack.

Somecritical terms/parameters used/monitoredin sinter plant:

Cokecrushing index | Percentage presenceidmm fraction of coke in any sample]
termed as coke crushing index. For better sintering proces
crushingindexshouldbe morethan85%

Flux crushingindex | Percentagpresencef i 3mmfractionof flux in any samples
termedasFlux crushingindex.Forbeteer sinteringprocess-lux
crushingindexshould bemorethan90%

Burn Through Point | Burn through point temperatureindicates the completion of
(BTP) sintering processt is normally around 400 degree Celsius &
normally found in secondlast of wind box from discharge
endof sintermachine.

37



3.4 Main Areas & Equipment

Main Areas Equipments Functions

Sinter making & | Balling drumsSinter pallets| To mix & pelletizeSintering

Coolingbldg. Screen<Lrushers takes on iScreensutdiff. sizes
Coolers Cruskhessintercake

Cools/ Normalizesinter

Exhausters High capacityfanBattery | To suckair belowgrate§o clean
cyclonesESP Exhaustair
To cleanExhaustair

Proportioring Bins | Electronic feeders For adjusting feedinfyansport
Conveyors chargamix.
Bunkers Storeraw materials

Coke& Flux Roll crusherdkod Mills For crushing coké&or crushing

Crushers Hammercrushers cokeForcrushingFluxes
Grabcranes Forlifting coke

TechnoEconomics

1. SpecificProductivity : Sinterproducedpersquaremeterperhour
2. SpecificHeatconsumption : Gasconsumegerton of sinter

3. SpecificPowerconsumption : Powerconsumedgertonof sinter

4. SpecificCokeconsumption : Cokeconsumed peton of sinter

5. Specific Fluxconsumption . Flux consumegberton of sinter

In orderto producesinterat lesscost, specific productivity of sinter shouldbe as
high agpossible& all other four parameters should &&ow as possiblé&eeping
quality parametersinderconsideration.

Advantagesof Sintering

=

Betteruseof thehugequantityof iron orefines generated anines.

2. Gainful use of various metallurgical wastes like flue dust, mill scale, lime dust,

sludgeetc.

3. Use of super fluxed sinter eliminatesw flux from the blast furnace burden. This

leads t@onsiderableokesaving and praattivity improvemenin blastfurnaces.

4. Due to the higher reducibility of super fluxed sinter, direct reduction of iron oxide is

enhancedwhich contributes to furthecokesaving.
5. The softening temperature of sinter igher and the softening melting zons

narrower.This increases the volume of granular zone and shrinks the width of the

cohesive zoneConsequentlythe driving rateof the blastfurnaceimproves.
6. Hot metal quality (from the SMS point of view) improves due ltmwver silicon

content and hidner hot metal temperature. A higher hot metal temperature
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3.5

3.6

contributes to bettesulphur removafrom the hot metal.

Material handling in the charging section of the blast furnace is reduced, and fewer
logisticsareneeded

Blastfurnaceoperationis morereliableandefficient

Safetyhazardsat Sinter plant

Dust pollution: As lot of finer particlesare used in sintering, there causing
lots of dust pollution. Efficientunningof ventilation is must.
Use of dust mask is essential. Chimr@&tack Emissionis
50mg/nni. Fugitive Emission(ambientls 2mg/nn?

Gassafety Gases(usually Mixed gas & Coke oven gas) are used for
igniting charge mix, It is very important to follow all the
protocols for gas safety. Use of gas mask and Carbon mono
oxide (CO) gasmonitorwhile working on gasline is must.

Noisepollution: Tremendousamount of air is sucked through
exhaustefans. Slight leakages anywhere in suction line or
exhausterresults in high level of noise. Air compressor, chiller
unit, hammer crusher, cek crusher are also high noise
generatingareadn Sinter plant. Use dEarplugis essential.

ISO 45001:2018 (Occupational Health and Safety Management
System)

OH&SMS provides a formalized structure for ensuring that hazards are identified,
theirimpacton staff assessed and appropriate controls put in place to minimize the
effect. Itfurther assists a company in being legally compliant, ensuring appropriate
communicabn and consultationwith staff, ensuringstaff competencyand having
arrangementsn place to deal with foreseeable emergencies. It is not concerned
with the safety of the product or esduser.

It is compatible with the established ISO 9001(f@ya and ISO 14001
(Environmental) managementsystem standards.This helps to facilitate the
integration of the quality, environmentaland occupationalhealth and safety
managemergystemswithin theorganization.

Impactsof fully implementedOH&SMS are:

a) Risksandlosseswill bereducedand/oreliminated

b) Reducedaccidentsincidents anaosts

c) Reliableoperations

d) Complianceo rules,legislation,companystandardseindpractices
e) A systematic anéfficientapproacho healthandsafetyatwork

Positivecompanyimageandreputation
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Chapteri 4
BLAST FURNACES

41 Introduction

BF is a coater current heat and mass exchanger, in which solid raw materials are charged
from the top of the furnace and hot blast, is sent through the bottom via tuyeres. fTise hea
transferred from the gas to the burden and oxygen from the burden to the gascé&als

up the furnace while burden and coke descend down through the furnace. The counte
current nature of the reactions makes the overall process an extremely efficient one in
reducing atmgshere. The real growth of blast furnace technology came wetpritduction

of high strength coke which enabled the construction of large size blast furnaces.

4.2  Raw materials and their quality

In India steel is being produced daty through the blast furnace. Iron ore, sinter and coke
are the major raw materialsrfblast furnace smelting.

Raw materials:

The followingraw materials usedor the production of pig iror:
(i) Iron ore
(i) Limestone / L D Slag
(iif) Dolomite
(iv) Quartzite
(v) Manganese ore
(vi) Sinter
(vii)  Coke
(viii) Pellets
(ix) Scrap (Steel / Iron)
(x) Coal Dust [Coal Tar

Iron ore: Iron bearing materials; provides iron to the hot metal. Iron ores is available in the
form of oxides, sulphides, and carbonate, the oxide form krasamematite (red in colour)

is mostly used in SAIL plants. It is the principal mingrablast furnace for extraction of

pig iron, generally rich in iron content varying from 62 % to 66 % associated often with
naturally occurring fines-{0 MM) to the extent of 20 %. Althougtelatively free from
impurities like phosphorous, sulphur angbper, they have high aluminaand silica contentas
gangue. The high alumina content makes the slag highly viscous and creates problems fc
stable furnace operation.
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Limestone / LD Slag:Acts as flux. Helps in reducing the melting point of gangue present
in the iron bearing material and combines effectively with acidic impurities to form slag in
iron making. LD slag is a substitute for limestone which is easily available in a steel plant.
Its usagenelps in waste utilization and thus reduces production cost.

Quartzite: It acts as an additive.Quartzite is a mineral of ,Silica) and under normal
circumstances contains about B®7 % of SiQ rest being impurities. Quartziy@ays its
role in counteracting the bad effects of high alumina in slag through mmamgtaptimum
slag basicity.

Manganese ore It acts as additive for the supply of Manganese in the hot metal.
Manganese ore is available in the form of combined oxides of Mn and Fe and udeat co
of Mn is about 28 32 % for steel plant use, However Mgmese ore available with SAIL

is having high alkali contents so it should be used judicially.

Coke: Itacts as a reductant and fuel, supports the burden and helps mbaimag
permeable bed. Coke (metallurgical) used in blast furnace both as fuel &nigedigent.
The Indian coal is characterized by high ashi(3® %) and still worse, a wide fluctuation
in ash content, poor coke strength leading to excessive generation of fines, rapadifinctu
in moisture content etc. The problem of poor quality chke been tackled by adding
imported coal (7895%) in the indigenous coal blend to get a coke ash 6f1E3%.

Sinter: It is iron bearing material. Fines that are gatext in the plant/mines are effectively
utilized by converting them to sinter. It prdeis the extra lime required for the iron ore and
coke ash that is charged in the blast furnace. Sintering is the process of agglomeration o
fines (steel plant waste and iron ore fines) bygimsit fusion caused by heat available from

the coke containednithe charge. The lumpy porous mass thus obtained is known as
Asintero.

Scrap (Steel / Iron): Scrap is generrated in the process of product making in a steel plant
which is gainfully utilized by back charging in the Blast Furnaces. It increases thedsirnac
productivity and reduces the production cost.

Pellets It is also an iron bearing materials. The mifirees which cannot be used for sinter
making can be used for pellet manufacturing dmgellets formed will be charged in the
BF.

Coal dust Injection: It acts as an auxiliary fuel, reduces coke consumption in the blast
furnaces. The coal is injected through the tuyeres.
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Different sources of raw materials

Sl. Raw BSP RSP DSP ISP BSL
No. | material
Iron ore Dalli Barsua Bolani Gua Kiriburu
' Rajhara Kalta GuaMeghahg Bolani Meghahatubur
Raoghat Meghahatuburujtuburu Meghahatuby u
Meghahatubur | Kiriburu ru Bolani
u Barsua
Kiriburu Gua
Manoharpur
Limestone | Nandini Kuteswar Kuteswar | Jaisémer Nandini
' Kuteswar Jaisalmer Jaisalmer | Imported Kuteswar
Jaisalmer Imported Imported Jaisalmer
Imported Imported
Dolomite | Hirri Baraduar Belha| Baraduar Belha Birmitrapur
' Imported Imported Baraduar Belha
Imported Imported
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Quality of raw materials

Material Chemical Analysis | Specification Size Other properties
Fe 61.0% min. Softening Melting
. range:
'(;?Q(Lumps) Sio, 25+05% rlnom' 40 700-1400eC
P 0.10% max.
Al,05/SIO; 0.70 max.
RDI(Reduction
Fe 50-58% Degradation Index
<30
FeO 7-10% RI(Reducibility Index)
Sinter . 5 T 401265
Si02 4-6% mm Tumbler Index >70
ALO: 2-3% Softening Melting
range:
CaO 91 13% 12001 1450C
MgO 217 3%
. CRI(Coke Reactivity
Ash 131 15% Index): 2123
VM(VOLATILE <1% 25 T 80 CSR(Coke . Strengt
Coke MATTER) nm after Reduction) > 64
Moisture 5+ 0.5% M40>80%
S 0.5-0.6% M10<6%
FIXED C 82- 85%
CaO 38 % mn. 10 i 40
Limestone SiIO, 6.5+ 1% mm
MgO 8.5+ 0.5%
CaO 40.8 £ 1% ;
LD slag MgO 105 + 0.5% ;Om F 40
SiO, 15.50%
Mn 30% min.
Mn ore SIO, 30% max. 25 7 50
Al>,O3 5% max. mm
P 0.30% max.
FIXED C 60-70%
VM(VOLATILE 80 % <90
CDI coal MATTER) 20-25% microns
Ash 97 11%
. SIO, 96% min
Quartzite ALO; 15% max 2550 mm
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Charging:
High lines and Stock House

High lines: The main responsibility of high lines section is to receive the raeriaiat
required for the production of hot metal from various sources, storing and transporting
them to the top of the furnace in time, for the smooth running of the furnace.

Raw materials arriving to the blast furnace department from various sourcgsoaeed in

the RMHP (Raw Material Handling Plant). The ore yard is meant for stocking and
averaging of materials. The materials from RRHre transported to Blast Furnace with the
help of wagon tippler, conveyors, stakers and reclaimers.

Raw materials frm the ore yard are charged by suitable means into the respective bunkers.
Alternately in some plants iron ore is received in a wagon Tripler, stack in to piles, and
reclaimed using reclaimers.

Sinter from bunker located on the extension tracks of highié collected in transfer cars
moving on rail tracks or sinter comes by means of conveyor belt and is stored in a receiving
hopper.

Sinter is screened in stock house, and the fines are returned through conveyor belts.

Coke (251 80 mm) from coke somig plant (CSP) is supplied to the coke bunkers of the
blast furnace with the help of conveyor belts and the undersize are returned through
conveyor belts.

Stock house:The bunkers are provided with a vibrofeeder, which feeds the material to the
conveyor belt/screen. The BF size material is fed to a weighing hopper through ore
discharge conveyor. The weighing hopper discharges the mattoighe skip. There are
conveyors to remove the return fines from the system.

44



e = [T —
BLAST VOLUME : 96 T O OVERVIEW BF PARAMETERS
BLAST P

RESSURE UPTAKE TEMP

BLAST TEMP
OXYGEN FLOW
CDIRATE

7 &

B n \
[/ = e CRE- |
| uren |

WHIGHT CHARGING
TRENDS MATRIX

i | Sntit e i

Hoist house:

For taking charged maials to the furnace top, twaay skip hoist with 2 skips are
provided. The hoist house operates the skip that is driven by two motors. Bell hoist,
equalizing valves, test rods etc. are also operated from hoist house.

Flow of material to charging skipea

BunkersA vibro feedeA conveyor beltd weighing hoppek skip car.
BunkersA vibro feedeA weighing hoppek skip car.

Raw materials inading coke are transported and collected into high line bunkers/Stock
house placed near the furnaces and then propergened and weighed. Weighing is done
either by scale car or by load cell. These batched proportions of the raw materials are
conveyed to the top of the blast furnace via skip car or conveyors and are charged in the
blast furnace. The distribution is m#ined in such a fashion that alternate layers of coke
and irorcontaining burden (sinter and iron ore and fluxes) are formed insidbldke
furnace.

4.3 Blast Furnace and accessories

Blast furnace is basically a counter current apparatus, composea dfutvcated cones
placed base to base.

The sections from top down are:

Throat, where the top burden surface is.

The shaft or stack, where the ores are heated and reduction starts.

The bosh parallel or belly, where the softening melting takes place.

The bosh, where the reduction is completed and the ores are melted down.

=A =4 =4 =
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1 The hearth, where the hot metal and slag is collected anstigiadahe tap holes.

*,

Uptakes = <4

Tortal
volume

Shell

Stack cooling plates

Bustle pipe

Casthouse
floor

BF complex in a nutshell

HOT air stoves .
Skip (dump car)
glast furnace
waste gas

Refractory

Alr
1 ur

glast furnace e

Coke  and limestone

Charge

Slag drain
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BF Proper

INPUTs
Coke + Iron Ore + Sinter + Pellet + Scrap + LOSlag /
Limestone, Quartzite

) . OUTPUTs
Hot gases: »Hot (Jases | RawBF Gas + Flue Dust
out out
INPUTs

Hot Blast + Steam + Oygen
Enrichment + CDI

1500 °C

2000 °C

Hot air in Hot air in SUTPUT
Molten MO'tEH Hot Metal & Slag
Iron out slag out

The entire furnace is lined with suitable reft@y and in addition to refractory lining,
there are water coolers, designed to enhance the life of the furhraeeblast furnace,
fuel, Iron ore, sinter and flux (limestone) are continuously supplied through the top
of the furnace, either throughdouble bell system' or 'bell less systein'the hearth, there
is a tap hole of suitable dimension and length, for the purpose of tapping the hot metal.

Since blast furnace is basically a counter current apsathe descending stream of raw
materials ex#ct heat from the ascending stream of gas generated from the burning of
coke at the tuyere level. The ascending stream of gas contains CO (carbon monoxide),
nitrogen and hydrogerihe ascending reducing g¢€0 and H) comes in contact with

the iron ore thsreduction (this reduction is called indirect reduction) of iron ore takes
place at the upper part of the stack (temp less than 900 °C). Coke in the form of C also
takes part in the reduction (temp greater than 900 °C) and this reduction is called direct
reduction. In the hearth there are multiple tapholes at abdumater below tuyeresfor
flushing out hot metal and slag at regular intervals. Tapholes are also extensively water
cooled. The number of tap holes, their positioning and dimension will degeEmdthe
capacity of the furnace. Many modern furnaces are havirgtap holes.
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The furnaces are equipped with tuyeres (water cooled copper construction for admission
of hot blast of air) through which preheated air blast at a temperature of aboi® 850

1200 °C is introduced for burning of coke. Before preheating, the blast of cold air supplied
by turbo blowers from power and blowing station and it is introduced into hot blast stoves
at a pressure up to 1-81.5 kg / cni (gauge pressure) whereinetair is prei heated. The

air blast then passes from the bustle pipe through gooseneck and then tuyere stocks / blow
T pipes into tuyeres. The pressure of the blast and its flow rate is dependent upon the
capacity of the furnaces and permeability ofraatenal.

As the stream of the charged material descends down through different temperature zones
it gives two products:

1. Hot Metal in the liquid condition.
2. Slag, in the liquid condition having less density thusfloats at the top of metal.

Besides, we gaine more important gaseous product from the top of the furnace known as
BF gas. It generally comprises of 2@4 % CO; 18 20 % CQ, 4852 % of N, H, 4-5
%, &, 0.1-0.3%. The temperatures of top gases are in the range of2a’C.

After cleaning, B gas is used in blast furnace for stove heating and other area of plant
like coke oven heating, and as a mixture with CO gas it is used in refractory materials
plant, sintering plant, steel making shop and reheating furnace of rolling mills as a fuel.

Liquid iron collected in the hearth is taken out by opening the tap hole with power

driven/Hydraulic drill and oxygen lancing(as per requirement) after regular interval into a

train of ladles kept below the runner of the cast house. Slag that comes alotigewitetal

is skimmed off with the help of skimmer plate towards slag runner and collected in slag
ladles or to slag granulation plant of cast house (CHSGP). Slag ladles are then sent to th
dump yard or slag granulation plant. Metal ladles are eithertse®teel Melting Shop or

Pig Casting Machine and Foundry depending upon the requirement.
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Schematic Cross Section of the Blast Furnace
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Refractory:

Blast furnace is a vertical shaft furnace, enclosed in a welded shell, lined witafire
bricks of high alumina content. The hearth bottom, hearth, bosh, belly and the shaft are
cooled by means of coolers of various desi§teel refractory lined plates protect the walls

of the furnace top. The bigger furnaces are lined with carbon blocks in tfle e in the
periphery of the hearth bottom. High alumina oiCarbide refractory are used in bosh and
lower shaft. The design and operation of blast furnace results the high productivity and long
life of blast furnaces. The safe and reliable operateme secured by statdi the' art blast
furnace cooling and lining designs

Top charging equipment:

The burden material which reaches to the top of the furnace by skip car or by charging
conveyer is to be distributed into the furnace through double lheetjing system (Figl),
rotating charging unit (RCU) (K@) or with Pauwurth bell less top (BLT) (Fi2,4)
charging system. In BLT charging bells are replaced with charging bins, upper material
gate, upper sealing valve, lower material gate and lovedingevalve. This system also has

a gearbox to operate the rotating chute. The latter distributes the material inside the furnac
periphery in different rings or sector charging, point charging etc. This facilitates better
burden distribution inside thefiec e as per the ACharging Cycl
the furnace operator for continuous efficient operation of the furnace.
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TWO BELL SYSTEM

Fig-1. Double Bell

Fig-3 Rotary Charging Unit (RCU)
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-2FB T systems

Bell-Less Top Charging System

Fig4 BLTCharging

Charging Sequenceto facilitate smooth working of furnaces, the coke and thecode

material is to be distributed in a particular fashion in the whole circumference of the blast
furnace in accordance to the Charging Cyclogram/ Pattern as determined by the furnace
operator. For those different charging sequences is followed. A typical charging sequence

is given below:

Sequence 1COC / COOCC /CCOCC

Sequence 2CCOO
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Each chargingycle consists of 5/6 sequences of either 1 or 2 exclusively or in combination
depending on the periphery conditions. Generally in-leel top furnaces thd“sequence

is followed i.e. CCOO. C=Coke;O=Non-coke(Ferrous burden) i.e. ore, sinter, Mn ore,
Lime Stone or Quartzite etc. The material is distributed in the bf in different rings/sectors as
per requirement

Furnace Foreman Control Room (FFCR):

All the activities burden distribution; stoves, cast house, auxiliary fuel injection etc. are
controlled from FFCR located in the furnace. Levid, Levelil and Level2(Modern
furnaces) automation facilities are there in all BRI the details regarding the furnace are
monitored using HMI/SCADA and mimic panels kept in the FFCR.

Auxiliary Sections:

Theauwiliary section of blast furnace consists dbllowing sections:
Ladle Repair Shop(LRS)

Pig Casting Machine(PCM)

Cold Pig Yard (CPY)

Clay Mass Shop(CMS)

Coal Dust injection Facility(CDI)

Cast House Slag Granulation Plant(CHSGP)

Slag Dump Yard(SDY)

Area Repair Shop (Mech/Elec)

Torpedo Ladle Repair Shop(TLRS)

©oNoOA~®ODE

Ladle Repair Shop: Ladle repair shops provided for relining, repairing and cleaning of the
iron ladles. Shop contains an EOT cranes for speeding up the job.

Pig Casting Machine These are doublatrand pig casting machines. Each machine
contains no. of moulds in one belt with lime coating arrangement underneath the machine
Moulds are filled with the hot metal from the ladle at the spout, cooled by water sprays on
the bed while on movement and the pigs are
separatedrom mould chainby knockoutarrangement.

EQUIPMENTS of PCM
U Winch to lift the loaded liquid metal ladle.
U Two stands (frames) to hold the ladle firmly, with the paws attached in both the
sides of the ladle.
U Runner to receive the liquidetal and to pour into the moulds through spouts.
U Lime spray units to make a thick coating of lime on the moulds to avoid sticking of
cold metal with the moulds.
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U Individually operated steel belt conveyors to receive the liquid metal and to dispose

after pgs are made.

U Chutes to receive the cold pigs and to drop the same into Wagons/Flat car.

U Capstan system at the discharge end to move the loading wagons during pigging.
Cold Pig Yard: Cold pigs from PCM come here. These are stacked according to their
quality, and loaded in box wagons with the help of EOT cranesfor dispatch to stack yards of
customers.

Clay Mass Shop:Here, refractory mass required for blast furnace departmemds and
stored e.g. mud gun clay, tap hole frame mass and runneetnass

Slag Dump Yard: The slag ladles from BF is sent to the dump post for emptying the ladles.
Provision exists at the yard for tilting and hammering out the slag with the help of cranes.

CHSGP: Slag granulation plants are attached with the cast houses asidglgenerated is
granulated at CHSGP. This granulated slag is transported via conveyor belts to the
granulated slag yard from where it is sold to the customers (i.e Cement Industries).

Area Repair Shop Both Mechanical and Electrical Section have thepair shop where
necessary supporting repair works are done.

Torpedo Ladle Repair ShopTorpedo Ladle repair shops provided for relining, repairing
and cleaning of the torpedo ladles. Shop contains an EOT cranes, tilting drives for the job.

Auxiliary Fuel Injection

In the present competitive environment, there is a lot of pressure on BF optratover

the operating costs and maximipeoductivity . One way to achieve this is by injecting
auxiliary fuel into the blast furnace. The fuels used for thip@sg maybe coal dust, coal

tar, natural gas, coal bed methane etc. In SAIL generally coal dust injection (CDI) is being
used as auxiliary fuel injection.

The challenge now is to achieve high CDI rates with available quality raw materials,
without losing ho metal quality, productivity or BF availability.

Economic and operational benefits achieved by using coal dust injection (CDI) include:

1 Lower consumption of expensive coking coals. replacing coke with cheaper soft
coking or thermal coals reduces reduatteosts;

1 Extended coke oven life, since less coke is required to be produced. This is
important as many coke ovens are reaching the end of their useful life and
significant investment is required to replace or maintain them;

1 Higher BF productivity(Ton/ffiDay), that is, the amount of hot metal produced per
day (in conjunction with otheoperational changes);
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T Greater flexibility in BF operation. for instance, CDI allows the flame temperature to
be adjusted, and the thermal condition in the furnace camdmeged much faster
than would be possible by adjusting the burden charge at the top of the furnace;

1 Improved consistency in the quality of the hot metal and its silicon content;

1 Reduced overall emissions, in particular, lower emissions from coke makirtg due
decreased coke requirements.

Gas Cleaning Plant:
The other produdBF gas contains lot of dust in it and it is cleaned in dust catcher, ventury
washer and scrubber and finally in electro static precipitator. This activity is done under the

supervisimm of energy management departmeiitie cleaned BF gas is sent to the gas
network and is used as a fuel all over the plant.

Flow of BF gas to GCP is
BF GasA Uptake Down ComedA Dust Catchek Ventury Washek ScrubberA Electro
Static Precipitat@y Cleaned BFGasA Gas Main

4.4 BF Zones and chemical reactions

Reactions in the Blast Furnace:

Top gas (CO + CO, + N, mostly) ] [ 1. Iron bearing burden (iron ore + sinter
(some H, + H,O) + Flue dust + pellet)
2. Coke
Stockiine 3. Adgitional flux (as required)
Moisture removal
300°C 3F€‘203 + CO = 2F6304 + COQ
Fe;O4 + CO = 3FeO + CO,
700°C C+ C02 = 2CO

CaCO; = Ca0 + CO,
FeO + CO = Fe + CO,

1000°C G4 605 =260
" FeO + C = Fe + CO
1200°C SIQ, + 20 =Sl +2C0

MnO + C = Mn + CO
P,O5 + 5C = 2P + 5CO
S+(0)+C=(S)+CO
1500°C 2C + O, = 2CO

HO + C = H, + CO

1900°C

Pre-heated air enriched O, Slag
Moisture + Pulverised coal Hot metal
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UPPER STACK ZONE

Reduction of Oxides

Carbon Deposition
Decomposition of Carbonates
Decomposition of Hydrated/ater
Gas Shift Reaction

=A =2 -4 -4

MIDDLE STACK ZONE
1 Indirect/Direct Reduction
1 Gas utilization

LOWER STACK ZONE
9 Calcinations of Limestone
Reduction of Various elements
Reduction of unreduced Iron
Reduction of 8icon
Reduction of Mn, P, Zn etc
Formation / melting of slag, final reduction of FeO and melting of Fe.

=A =4 -4 4 A

COMBUSTION ZONE
1 Burning and combustion of Coke

1 Complete reduction of Iron Oxide

RACEWAY
1 Combustion of Coke and Hydrocarbons.

9 Combustion of CDI.
1 Large evolution of heat.

HEARTH
q Saturation of Carbon with Iron

1 Final Reduction of P, Mn, Si and Sulphur
1 Reaction impurities reach their final concentrations
1 Falling / drop of Metal and Slag bring heat down into the Hearth.
The liquid prodicts hot metalard slag settle in the hearthThese two products are

removed periodically from the blast furnace. The process is called tapping the blast
furnace.
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The golden rule of blast furnace operation is that the furnace conditions should not be
disturbed. If forone reason or the other, the quality of charging materials fluctuates, the
furnace will be affected. The moisture of coke should be continuously measured and
corrective action to be taken. Once the tapping is opened and liquid level loefgithsthe

blast pressures drops correspondingly. During the tapping itself, burden descent is fast and
irregular. The rise and fall of blast pressure will cause raceway distortions. Similarly, the
bosh gas distribution is affected when the burden descent rate incoeasecreased. As

stock line is not maintained many a time unprepared burden enters the melting zone and
increases the thermal requirements. The effect of all these is the disruption of the
configuration of the cohesive zone, increase inecokte and deease in productivity.
Continuous monitoring of the top gas analysis will give an indication about the furnace
efficiency.

Common difficulties in operation:

Furnace performance is linked with the smooth operation of the furnace which gets
disturbed very fien due to various kinds of fluctuations taking place in operating
parameters.

Results the number of Irregularities may observed during the operation of furnace like:
1 Channelling

Scaffolding

Hanging

Slipping

Choking of Hearth

Chilling of Heath

Burning of Tuyeres

1 Coke rush through tapole.

=2 =2 =4 =4 =4 =4

4.5 Hot blast stoves

The function of Hot blast stove is to preheat the air before admission into the furnace
through tuyere. Air is preheated to temperatures between 1000 and 1200 °C in the hot blas
stoves.

There are8 or 4 stoves for each furnace. Each stove consists of a combustion chamber anc
refractory checker brickwork. Combustion chamber lined with fire bricks and checkers are
by alumina brickwork.

For controlling cold and hot blast there aeveral valss given on the stove. They are: cold
blast valve (1)hot blast valve (5), chimney valves (11)-fpgss chimney valves (14), gas
control valve (7), gas burner (8), and air fan (12).
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Cold Blast Main
Cold Blast Valve
Mixer Line

Mixer Valve

Hot Blast Valve

Hot Blast Main

Gas Valve

Gas Burner

. Combustion Chamber
10. Checkers

11. Chimney valve

12. Combustion air fan @
13. Air Damper

14. Pressure Release Valve
15. Column & Grids

Layout of Stoves

ONOORON 2

o

Hot Blast Stove and its Valve Arrangement
There are two cycles in tistove operation.

1. On gas: stove in the heating mode
2. On blast:stove in the blast mode

In the first cycle the stoves are getting heated by using BF gas and / or coke oven gas. Th
flue gases (20350°C) will be carried out through the chinyneThis stageis called6 o n

g a.s\Vhen the dome temperature reaches to the desired level-IBB00C) the gas is
stopped and cold blast that is coming from the power and blowing station is sent thorough
the cold blast valve, this cycle is callédo n b Tha setikbe heat that is stored the
checker brickwork is carried away by the cold blast and is getting heated. Thus hot blast is
produced and this blast is sent into the blast furnace through hot blast valve via hot blas
main, bustle pipe, comperneag tuyerestock and t o the tuyeres. )
will continue for % hrs 1 | hrs and will be fol lidwkers). by
Thus at any point of time one or two sto
and the cycle is reptad continuously. Heated stove kept isolated, as ready for on blast
cycle.

A snort valveis located on the cold blast main, regulates the volume of blast.steam is
injected for the humidification of the blast before -pemting in the stve. Oxygen
errichment is also done whenever necessary through the blast itself. A mixer valve which
regulates the flow of cold blast enables to maintain the desired hot blast temperature.

The hot bl as't reacts with coke ayidfrontofj e c-
the tuyeres and different reactions takes place in various zone to produce hot metal.
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4.6 The Cast House and Slag Granulation Plant

Function

The cast house is the most labor intensive area in the entire blast furnace apksation
design noust be fully integrated with the expected hot metal production, hearth volume, and
tapping practice whilst minimizing use of labor, maintenance, materials and improving
working environment.

The function of cast house is to tap the liquid metal and slatp@itap hole from hearth on
scheduled time and separate the metal and slag by skimmer block with siphon hole in trougt
which is made up of refractory ma@3astableland direct metal to metal ladles and slag to
the slag ladles or CHSGP.

Process and partof cast house:

In the BF of single tap hole, there is a provision to flush the slag through the slag notch
(calledmonkey) situated at a height of 1400 mid600 mm from the axis of the tap hole.

The monkey is equipped with pneumatic or manual cindgpsto Increasing the number of
tapings can reduce flushing operation.

Cast house consist of tap hole, trough, iron and slag runner, rocking runner and their spout
and various equipments (such as EOT crane, Pusher Car, Rocking Runner Tilting
Mechanism, Dtling Machine, Muegun, JCB / Poklain (excavator) etc). The hot metal is
tapped out at an interval of2Lhrs depending upon the furnace conditidhe tapping time

will be around 90° 120 minutes. Generally & tapings will be done in a day. The usual
way of opening the tap hole is to drill the tap hole until the skull is reached then oxygen
lancing is carried out to melt the skull to get good flow of hot metal.

Generally the tap hole is located in such a way that after tapping minimuontofanetal

should remain in the hearth. So it is almost at the bottom most part of the hédien.
opening the tapping hot metal will comes out first. After some time the liquid level in the
hearth decreases and the slag Wikitbe floating on the metal comes oot the tap hole.

The skimmer plate separates the slag from the metal and diverts the slag into the slag ladle
| SGP through slag runners. The hot metal continues to flow down the bend runner from
which it is diverted into individual metaladlles. The camol of this operation is
accomplished by cutters located in the runners or with the help of rocking runner and pushe
car. At the end of the tapping the tap hole is closed with the mud gun, which is electrically
or hydraulically operated

The hot metal isollected in a refractory lined vessel called hot metal ladle/torpedo ladle

and for safety reasons it is filled up toi890 %. Using these ladles hot metal is transported
from blast furnace to mixers in SMS, PCM and foundry as per regeiitem
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Similary slag is collected in slag ladles and is dumped in the dump post or sends to slag
granulation plants (SGPs) in which slag is granulated, and this granulated slag is sold tc
cement manufacturers.

The equipments available at the cast house are:

1. Drill Machine A Hydro-pneumatic or electric drilling machines are used for
opening the tapping

2. Mud-GunA Hydraulic or electric drilling machines are used for closing the tapping
with anhydrous or water bonded tap hole mass

3. Cast House Crang for mateial handlingduring cast house preparation

4. Rocking runneA to divert the metal into alifferent metal ladle (tilting runner)

5. Pusher caA used for local placement of the metal ladle

Analysis of hot metal, slag and top gas

Si 0.6-0.8% SiO, 3471 36 % CO 2071 24 %
Mn 0.05-0.10% |Al,O3 167 20 % CO, 1871 20 %
S 0.050 % max. CaO 3471 36 % NP} 481 52 %
P 0.050.15% MgO 81 10 % H> 47 5%

C 415% MnO <1%

Basicity: CaO/SiQ 0.981.00

Modern technological developmets
Some of thenodern technological developments implemented at our plants are:

Beneficiation - To upgrade the quality of iron ore, special emphasis is for preferential
removal of alumina from the gangue.

Bedding, Blending, Sizing and Screening of burden- Physical andchemical
characteristic of iron ore, coal and limestone vary from deposit to deposit and also from
one mine to another. For troudiee operation of blast furnaces, it is essential to ensure
supply of raw materials of consistent and unifayoality. The ledding and blending of

the incoming raw is adopted before processing them.

Use of 70i 80 % sinter in the burden- It has been proved that with the use of sinter in
the burden the productivity of blast furnace increases. Along with sint&s%0pellet in
burden mix will also give additional benefits.

Conveyor charging- All burden materials are delivered to the furnace top by conveyor.
This is economical for bigger blast furnaces. All 3 bigger blast furnaces in SAIL ie. BF
5ISP (4161m), BF5 RSP (4060r) and B8 BSP (40601 have conveyor charging
facilities.
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Bell less top- In place of conventional two bell charging system, two charging hoppers
with rotating chute are installed. The rotating chute distributes the material in the desired
manner. The sysin is easy to maintain. The system has been adopted-d B¥; 6, 7, 8

of BSP, BF # 1, 4 & 5 of RSP, BF # 3 of DSP and all the blast furnaces of BSL.

Movable throat armour - This is installed along with twbell system. The distribution
of material is ontrolled by positioning the throat armour at proper location. The system
improves the burden distribution. BF # 2 & 4 of DSP has been provided with this system.

Amanoscope- The device is fitted at the top of the furnace. It emits a beam of infrared
raysover the material surface of the stock and takes the photograph.

Furnace probes- Probes are fitted above (above burden probe) the stock level / below the
stock level (under burden probe) in order to monitor temperature distribution aect coll
samples oburden material and gas.

Cast House Slag Granulation In this design the liquid slag from cast house runner is
led to the granulating unit located very near to the cast house. This would eliminate the
need for maintenance of large fleet of slag ladleduce the cost of production, avoid
delays and increase the yield of granulated BRagt 4, 5, 6, 7& 8 of BSP is having cast
house slag granulation. This facility is installed in all furnaces of BSL. This facility
already exists in BF # 1,85 of RSP ad BF # 3 & 4 of DSP.

Slag Granulation Plant marked by the following features:
1 It facilitates dry tapping of the furnace; not being limited by ladles availability.
9 Utilization of molten slag is very high (98%) compared to distant granulation (70%)
and better slag granules quality. Safe, efficient and pollution free working
environment by avoiding movement of ladles etc

The main advantages of CHSGP are:
1. Very compact and requires less space.
2. Fully automatic, less manpower requirement.
3. Low electricity & campressed air consumption.
4. Completely covered installation from granulation unit to the dewatering station
with connection to stack for the collection of stream & fumes and venting out the
same to the atmosphere at high level

Coal Dust Injection - Norncoking coal is injected through tuyere using nitrogen as
carrier. This reduces the coke rate and thus saves the valuable coking coal, which is also
not abundantly available in India. Coal dust injection is normally associated with high
blast temprature and oygen enrichment.All furnaces ofSAIL plants have been provided
with a coal dust injection system.

External Desulphurization of Hot Metal - With the introduction of continuous casting
technology and increased demand for high quality steel, requirement &ulighur (less
than 0.025%) hot metal has increased. For this purpose hot metal from BF is desulphurised
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by injecting desulphurising agents such as calcium carbide, lime soda ash and magnesium
in the hot metal ladle. One desulphurising uai$ been insteddat RSP, ISP, BSP& BSL
(under installation).

Cast House DesiliconisationSilicon from hot metal is partially removed by adding mill
scale, iron ore, along with lime in the hot metal runner. Such installations are working in
Abroad.

De-Phosphorisation ¢ Hot Metal i De-phosphorising agents like soda ash and lime
based flux are added in hot metal in transport vessel to reduce phosphorous content of hot
metal.

Automation & Computer control - In case of fully automatic operation, the computer
(HMI system) s connected to PLC (Programmable Logic Controller)which receives
signals from various sensors and determines the optimum point values and commands the
equipments to operate automatically. Automatic control of charging & stoves are provided
in furnaces

As per the decision dBAIL managementp achieve targeted hot metal productibe
following measures have been envisaged in the blast furnace area.

1. Modernization/Upgradation of the BF with respect to refractory, cooling system,
stoves ,awkiary fuel injection and supporting equipments

2. Installation of a new and bigger furnace at a separate location along with a new

stock house and new material handling facilities with modified sinter plant and

coke ovens. New furnace has been commissioned in RSP, ISBRndB

Modification of the existing material handling system.

Introduction of torpedo ladles.

Improvement of logistics in blast furnace area etc.

Waste Heat Recovery System (recovery of heat from outgoing stove hot flue gases

to heat up the Cobustion Air aml BF Gas and thus enhance the heating of stoves).

7. TRT (Top Gas Recovery Turbine to generate Power) is provided in new furnaces at
ISP,RSP and BSP @ 14 MW power generation per day

8. Radar Stock Level Indicator enables to measure the stock level when theefisrna
off-rod (beyond 3 meters) is provided in BF # 2 of BSL, BF # 6 of BSP and new
furnaces at ISP,RSP and BSP

o gk w

4.7  Safety and environment

The use of PPEs (Personal Protective Equipment) like safety helmet, safety shoes, han
gloves, gas mask heat resisht jackets/coats, goggles and dust masks are to be used
religiously while working in different areas of Blast furnace

Laid down procedures | ike fApermit to wor
shutdown of equipment for maintenance. Thepskted SOPs (Standard Operating
Practices) and SMPs (Standard Maintenance Practices) should be adhered strictly.
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Persons should be cautious about the gas prone areas and should know about the g
hazards. EMD clearance is a must befokentaup any jd in gas lines or gas prone areas.

Foll owing dod6s and dono6ts are to be follo

DO's

1. Ring bell/hooter during crane movement

2. Safe distance should be maintained while looking thmotligyeres (wear safety
glass)

3. Before putting any stove to gas mode if any gas leakage observed then remove the
agency working in stove platform

4. Always carry COGAS montor & gas safey man while going top of the Furnace for
checking any abnormalities & during stove area inspection

5. Always monitor proper gas burning in tapholes, monkey, tuyeres, tuyere Coolers
during running of Furnace

6. Shut Down Work for
repair etc should be carried ger procedure (protocols) duly approved.

Donot s

1. Dondot all ow any unauthorized person on
2. Dondot allow any one in Cast House ar ea
3. During any gas leakages don't allow anyone in thet Clmise area &stove
platform.

4. Donoét Operate | ift without proper k na

Always ask for lift-operator.
5. MCC panels should not be operated only by authorized personnel.
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Chapteri 5
STEEL MAKING

5.1 Introduction

The Hot Metal Bso known asnolten pig ironwhich is prodiced by Blast Furnaces contains
various impurities. Main impurity present is Carbon and other impurities like phosphorus,
sulphur, silicon, nometallic inclusions etc are also present. Steel making is the prafcess
purification of this Hot Metal. ®el such produced is the pure form of metal. Hot Metal
contains around 4% of Carbon which is to be reduced below 0.10% as per the requirement
Other impurities like sulphumphosphorus are also removed and alloying etemisuch as
Manganese, Silicon, Nickel, Chromium and Vanadium are added to produce the exact stee
required. The schematic view and various processes involved in steel making dmeas fol
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MM T refining o Bloom
HM I H T E (ARS
From | «- o M H > ;
BF X I o E[™ LE. ces Blooms
E 5 L FH, s » Billets
R B VAD, Slabs
» o - VoD
F

HMDS3 HOT METAL DESULPHURISATION

BOFd BASIC OXYGEN FURNACE

OH/THFO OPEN HEARTH/TWIN HEARTHFURNACES

ARS3 ARGON RINSING STATION

LFo LADLE FURNACE

RH DEGASSER RUHR T STAHL HERAUS (Process is named on a German town and a
German scientist)

VADd VACCUM ARC DEGASSER

VODd VACCUM OXYGEN DECARBURISATION

CCS/CCHB® CONTINUOUS CASTING SHOP/ PLANT

The Hot Metal from Blast furnace comes kot metal ladles Torpedo Ladleto Steel
Melting Shopby rail. It is poured into a vessel called Mixer. It is then taken out from mixer

as per requirement of theéonverter It caneither go through Hot metal desulphuzation
unit (HMDS) or directly to the process of steel making i.e. Basic Oxygen Furnace (BOF).

Advancements in Steel Making Process

Bessemer process > Open Hearth /Twin Hearth > LD @hvertor
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Hot Metal Desulphurisation

Sulphu is mainly present in iron ore andoal. Reducing the sulphur content to less than
0.020% in the blast furnace is difficult from an economical standpoint. As the steel quality
often requires a sulphur content of 0.010%, the hot metal must be deswdghu@nother

way. In desulphurizatio methods lime ocalcium carbideand magnesium reagent may be
used in proper proportion. They are injected into the Inveita a special designed lance
under a gaseous stream. In thisywtne Sulphur content can bedueed to levels below
0.005 %. Hot metal in a ladis broughtto Desulphurization unit byEOT cranes or ralil.
After proper positioning of the ladle, injection lance is lowered deep into the metal. Then
start injection of the said material through theckaand is continued for 5 to 10 minste
depending on dphur content in hot metaSulphur impurity is removed inthe form of
magnesium sphide in a violent reactionLadle is then taken telag racking machine to
remove theslag formed during the injecin process. Hot metal is then sent to converter.

5.2 Open /Twin Hearth Furnaces

One of the oldest established process of steel making, most open hearth furnaces wer
closed by early 19906s, because of tomei r
operation. Basic oxygen steel maki(BOF) or LD process replaced open hearth furnaces

Twin hearth furnace consists of two hearths separated by a bridge wall with a common roof.
Twin hearth furnace works on synchroniaatbetween the two hearthsete by both the
hearths are engaged in different operations. While one is in solid piagoother will be in

liquid period.

The fundamental principle of Twin Hearth Furnace is physical and chemical heat generatec
during blowing in one hearth is utilidein the adjoining hearth for preheagithe charge,
making the process faster. The tap to tap tohd@HF is cut by half since the furnace is
tapped from both the hearth alternatively at an interval of one half of the Uradéiod in

one hearth. Operatial efficiency of the furnace is based on the equal duration of the both
cold and hot period i.e. in one hearth when mglistats the other hearth is ready to be
tapped.

Activities in the furnace can basically be divided into two parts. Activities ducaoid

period awl activities during hoperiod run parallel at the same time for one of the two
hearths in such a way that if one hearth is in cold period other will be in hot period. Cold
period includes the time given to thenace for tapping, fettlingcharging and heating of

the cold charge up to the end of pouring of hot metal in the furnace. The activities taking
place during the hot period can be categorintmlmelting, refining and holding.

*EOT-Electrically operated Overhead Travel

5.3 BasicOxygen Furnace (BOF- LD Converter)
Sequence of operation in BOF

Lime/dolomite addition at converter bottom.

Scrap charging

Hot metal charging

Oxygen blowing

Addition of fluxes in batches during blow

aokrwnhE

63



6. After blowing oxygen lance is lifted and converter tlfer sample and temperature
recording

Tapping in ladle
Addition of deoxidiser in ladle during tapping

© N
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Basic Oxygen Furnace is commonly known as BOF process or LD process. It is
named so because this process was developed in LINZ and DONAWI©Zgties in
Austria. The process is abscalled basic because reffracbry type used for lining the vessel
to withstand the high temperature of molten metal.

As compared to Open / Twihearth, BOF process is fast, energy efficient and sintiple.
reduces the time of smelting, and inceshsabor productivityTap to tap time in BOF is
around 480 minutes. The name BOF is derived from the manner in which the
compositional adjustmentseaechieved. Oxygen ishe reagent/fuethat is used to remove
most of the undesirable elements via a number of complex oxidation processes. Basic refer

to the fact that the reaction takes place in a Vessel called converter littedasic
refractory.
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Inputs:
The major input materials in BOF or LD converter are:

1
1

<—Charging —>§<—Main blowing»L—

Static model
Calculates O,
Volume

Hot Metal: Hot metal containing around 4% carbon is the main input in the BOF.
Scrap: Itis used as a coolant as fimecess is exothermic. The large thermal energy
is produced during the pressso asto get targeed end/tappingeimperaturgit is
important to maintain the proper charge balance, the ratio of hotmetal to scrap.
Fluxes: Fluxes such asalcinedLime, calcinedDolomite etc are used in the process
for slag making. Slag is requdeto absorb/extract impurities from metal. An
emulsion of metaand slag formed during blowing helm refining.

Oxygen: one of the important inputs comes mainly from captive Oxygen plants in
addition to the purchased liquid oxygen. Oxygen purity shoelddre than 9%%.
Nitrogen: It is not directly taking part in the process but used for purging and
ceiling purpose. Itis also used flag splashing to coat vesselractory lining.
Ferro-Alloys: while tapping the steel Feralloy such as F&i, SiMn, FeMnetc

are being added to make the desired grade df stee

Endpoint control—

Tap

(HM, !
Scrap,
Flux...)

Top

Top

|
|
1
1
1
P2 |
|
|
I
|
|

—_—

" % A.' 3 i

I
Sublance Dynamic model,
measures Adjusts final
C and Temp O, blow

O, blow

with Static model

A complete cycle consists of the following phases:

1. Scrap Charging,

2. Hot Metal Charging,

3. O blowing,

4. Sampling & Temperature recording

5. Tapping.

Process:

1 Mixer and Desulphurization: The process start witimixer in steel miéing shop.
Metal is stored in Mixers and it is taken out as and when needed. Before charging it
into BOF, external desulphurization is done as per requirement to reduce Sulphur
content in Hot metal. Calcium carbide lime powderand magnesium compound
are injected into hot metal through a lance with Nitrogera conveying ga#\fter
compound injection is over slag racking is done to remove the slag which is
necessary to avoid reversalsefiphur.

1 Converter blowing: The process of blowgmeans reactionfcdOxygen with hot

metal and fluxes in LD converter. The hot metal along with scrap is charged into
converter with the help of EOT cranes by tilting the converter. A typical
composition of Hot metal is CG4.0%, Sii 0.60 %, Mni 0.10 %, P 0.15%, S
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0.050% and temperature is around 130@%f@er charging converter is kept vertical
and lance is lowered in the converter through which oxygen is blown at a pressure of
around 1420 kg/cnf. During the blaving process fluxe such as lime, Calcired
dolomite, ironore etc are added to make slag. The most important flux is lime. The
slag is basic in nature. Maimpurity carbon reacts with oxygen éims removed in

the gaseous form (CO/GImpurities like Si, P, S and other noretallic impurities

are removed in the form of slag, which is lighter than metal so it floats on metal
surface. The blowing process usually takdsl7 mirts. When the blowing is
complete converter is tilted to take out the slag in @ gtd. Sample annperature

is also t&en manually. Athe end of the blow the temperature is generally in the
range of 1650°C 1690°C and a typical bath analysis i§ @07 %, Mni 0.08 %,

P11 0.020 %, $ 0.030 %. When the desired composition and temperature is
adieved the steel is tapped.

HEAT BALANCE in a Convertor.e. Heat Input = Heat Output is balanced as:

Heat Input as

Sensible heat of hot metal in BOF.
Oxidation of Carbon.

Oxidation of Silicon.

Oxidation of Manganese.
Oxidation of Phosphorus.

~ooooTp

Heat output as

. Sensble heat of Steel

b. Sensible heat of Slag.

c. Sensible heat of off gases.
d. Chemical heat of off gases.
e.
f.

Q

Sensible heat of dust
Heat loses through convection and radiation of the converter

Tapping: Tapping means discharging the liquid ste&b ladle through théap hole
present in the converter by tilting it. As per the grade of steel the-&koys are

also added into ladle during tapping. As soon as the steel finishes the converter is
lifted and tapping is complete. Good tap hole neaiaice and slag freeapping
devices lke pre tap plugSlag Stoppedarts, electromagnetic slag detection sensors
etc commonly used to prevent slag carryover into the ladle.

Nitrogen Splashing: After tapping, the residual slag in the converter iaspd

with the help of nitrogen along with additiaf Lime and/or cokeConverter is kept
vertical and lance is lowered. Through the same lance nitrogen is blown which
splashes the basic residual slag in the converter and gives a coating on the refractor
bricks Main advantage ohitrogen splasimg is to increase the lining life of the
converter.

Chemical Reactions There are a lot of complex chemical reactions taking place in
the BOF during blowing. Main reactions in simplified form are given below

Fe + O= FeO

C +0=CO/ICQ

Si+20 =SiQ
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Mn + O = MnO

2P + 50 =R0Os
These reactions are exothermic in nature. Lot of heat is evolved during blow. Scrap
is used as a coolant to maintain the thermal balance. Due to addition of fluxes the
chemical reaction witiCaOfrom Lime and Dolmite and Si, Mnet from hot metal
takes place to make complex compounds which are basic in nature thus helping in
making a basic slag which facilitates dephoszban.

1 Slag Composition: The slag formed during the BOF processasib in nature. It is
a complex oxide compound of Ca along with Si, B atiner non metallic inclusions.
A typical slag analysis at the end of the blowing is as follows:
CaO= 4550%,
MgO= 911%,
FeO= 1520%
Basicity= CaO/SiQ0 3. 0

1 Functions of Slag

To transfer th@xygen required for refining.

To create favourable conditie for decarburisation of dispersed metal droplets.
To providea means of removing phosphofu@m the liquid pig iron.

To provide means of eliminating sersulphur from the bath.

apop

1 Refractories. Refractory plays a very important role in BOF shop. As liquid metal is
handled in BOF Shop so all vessels like mixer, converter, ladles etc are lined with
refractory bricks. It protects the shell of vessel and metéhhe metal temperature.
Different types of refractory is used as per their usage are given below:

o Converter Vessel:The bricks used here are basic in nature. Dolomite bricks
or magnesia carbon bricks are commonly used in converter. In recent times
magresia carbon bricks have replaced dolomite bricks. Number of heats
made in a converter from one new lining to next lining is known as the lining
life of the converter. Now a days all plants are trying to achieve higher lining
life. The tap hole in the conkter is also made up of refractory, which wears
with number of heats tapped. It is changed from tionéme.

o Mixer: The bricks used here are normally high alumina and magnesite bricks

o Ladles: The small vessel which carryHot Metal for charging the eorevy
are called hot metal ladle. They are lined with high alumina bricks. The steel
is tapped in steel ladles. This ladle carries steel to secondary refining and
finally for casting. The bricks used are again high alumina and magnesia
carbon.

Equipments: Major equipments in BOF shop are:

1 Mixer: A large cylindrical or rectangular refractory linagssel with tilting
mechanism, and it is used to store molten metal coming from Blast Furnace. Mixer
has a Charging hole from where Hot metal is beingged intothe mixerwith the
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help of EOT cranesand a spouto take out hot metal by tilting the mixer. Main
functions of mixer are storage and homogenization. Mixed gas is supplied through
side burners in order to maintain temperature in Mixers.

1 Converter: A converter is an open pear shapedsel made of steel and lined from
inside with basic refraory bricks. It can be rotated through 86Charging and
deslagging is done through mouth where as tapping of steel is done through a hole
called tap hole.

converter
mouth

trunnion

metal bath

refractory lining
flow conditions
Converter during blowing

Oxygen Furnace

Molten slag

o

Molén iron

1 Lance: It is made 6 three concentric steel tubes whevateris circulated in the
outer tubes and oxygen in the inner tubg of the lanceis made of copper.
Generdly 5 or 6 holes lances are useil stand by lance is always provided in
converte for continuous blowing operation.

1 Gas Cleaning Plan{GCP):A huge quantity of waste gases with thiggemperature

and containing dust particles, generated during.Bher BOF process is passed
through the GCP. Primarily water is sprayed over the gasepéoate the solidust
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particles and to coaknd collectthem. Cleaned gases are either collected in a gas
holder oris burnt in the atmosphere to control air pollution.

o A large water cooled hood sits above converter. The vast quantity of waste
gas produed during steel making pass through hood and then collected and
cleaned. An ID fan is present whialraws the gases up into hooA.
movable skirt is attached to bottom of hood which closes the gap and sits on
the converter mouth thus controlling the leg&lir ingress during the blow
and avoids burning of CO gas at Convertor mouth.

Safety Aspects:As we deal with liquid metal in the Shopersonal as well as equipment
safety is of large concern. We should strictly follow the safety norms.

T

= =4 =4
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Before chargig, converter must be inspected thoroughly and make sure that no
liquid slag should be left in theonverter. If there is liquid slagt mustbe dried up

by adding lime before charging.

Do not allow anyone to stand in front of Converter during charging.

There should not be any water in the slag pot in whiclsldgeisto bedumped.

Persons working in the steel melting shop should use personal protective equipment
(PPEs) likegloves, blue glass, fire retarding jackets.

Blowing should not be dw if there $ any water leakage in the lance/hood/skirt.

In case of excessive water logging below the convéitering should be stopped
immediately till the water is cleared.

In case of charging and tapping of converter lot of care has to be taken to avoid any
metd splashes.

Quality Requirements: Now a day as the quality norms are quite stringent and customers
specification are becoming very strict so at all stages quality hasrtmbiored In BOF

the slag decides the quality of steel. A good slag leads togieell Slag carry over to the
steel ladles while tapping should be minimum. Slag arrestors aretasadhimize slag
carry over.

Waste and environment management:

In BOF during the steel making procekst of wastes are generated. Some of them are a
follows:

T

During the blowing process lot of waste gases are generated along with dust. CO ga:¢
evolved during blowing process is collected in a gas holder and it is further used as a
fuel in different units. The dust collectdtbm GCP as slurry is requuleto be
disposed properly or vesed / recycled as input feed for BF or Sinter Plant.

Slag generateduring the steel making operation is also recycled. It is dumped and
cooled then it is used by Blast Furnaces, sintgslagtand Steel Melting Shop.

The slag thatis disposedoff can be used for making pellets / briquettes for
consumption in Sinter Plant.

Effective doghouse must be installed to capture the fugitive emissions from the
Converter.

Tapping practices to be performed in convertor:
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Deslaggingafter blow finish

Sample and temperature

Reblow if required

97% straight blow practice

Tapping of $eel in steel ladle

Average cast slab w273t

Deoxidation by aluminium and silicon

Tapping temperaturel 660 to 1680 deq centigrade
Tapping time >6 mins

Taphole life >110 heats

=4 =4 48 -4_5_49_9_9_2°_-2

Practices to be followed for convertor nurturing:

Splashing of retained slag for 3 mins by nitrogen blow through lance
Addition of coke for better splashing

Coating of converter

Slag dumping in slag pot after splashing and coateigrb next charging

Too oo o o

5.4 Secondary Steel Making

Objective

Achieving the required properties of stedtea requires a high degree of control over
carbon, phosphorus, sulphur, nitrogen, hydrogen and oxygen contents. Individually or in
combination, these elem&s mainly determine material properties such as formability,
strength, toughness, weldability, and corrosion behaviour.

There are limits to the metallurgical treatments that can be given to molten metal in high
performance melting units, such as converter electric arc furnaces. The nitrogen and
phosphorus content can be reduced to low levels ircdahgerter bufor further reducing
carbon, sulphur, oxygen and hydrogen contents (< 2 gpmkry levels itcanonly be
obtained by subsequent ladle treaht. To ensure appropriate conditioning of steel before
the casting process, the alloying of steel to target analydispatial refining treatments are
carried out at the ladle metallurgy stand.

The objectives of secondary steelmaking can be summarsztdiows:

Refining and deoxidation

Removal of deoxidation products (Mn0, 3j@I,03)

Desulphurzation to very low levels (< 0,008%)

Homogenization of steel composition

Temperature adjustment for casting, if necessary by reheating (ladle furnace)
Hydrogen removal to very low levels by vacuum treatment.

=4 =4 =4 -4 -8 -9

The high oxygen content of the converter steel would result in large Hotevformation
during solidification. Removal of the excess oxygen ("killing") is therefore vital before
subsequent casting tfe steel. Steels treated in this way are described as killed steels. All
secondary steelmaking messes allow deoxidising agents tcaldeled to the ladle
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Deoxidation can be performed by the following elements classified by increasing
deoxidation capaty; carbon- manganese- silicon - aluminium The mostpopular are
silicon and aluminium.

After addition, time must be allowed for the reaction to occur and for homogeneity to be
achieved before determination of the final oxygen content using EMF prelesdr¢
chemical probe for soluble oxygen content).

Secondary Refining

Secondary steel making usitan becategorizeds:
a) Stirring Systems
b) Ladle Heating Systems
¢) Vacuum Degassing Systems and
d) Addition Systems (RH Process and Tank degassing unit)

a. Stirring systems
These systems involve in stirring the molten steel bath for obtaining homogenous
temperature, compositioriloatation of inclusionsand promotion of slagnetal refining
reactionAs most of deoxidation agents form insoluble oxides, which woutgduft in
detrimental inclusions in the solid steel, they have to be removed by one of the following
processes during the subsequent refining stage:

Argon stirring and/or injection of reactants (CaSi, and/or lime based fluxes) achieves:
1 Homogeneous steebmposition and temperature
1 Removal of deoxidation products
91 Desulphurisation of aluminiurkilled steel grades
9 Sulphide inclusion shape control.

Argon stirring can be done by refractory lined lance (Top lance) or by means of porous plug
madeby high daumina material (bottom purging).

b. Ladle heating systems

These furnaces, actas buffer between the primyamelting unit and the continuous casting
unit giving precise temperature and compositional control. This provides an option to the
primary melting unit tatap at low temperatures leadito saving in time and energy and
also the cost of FerrAlloys / De-oxidisers apart from increasing the refractory life of BOF.
Through appropriate slag composition controkoat@ation practice and argon stirring, it is
possible to produce clean steels through Ladle fnac

Stirring of the melt by argon or by an indive stirring equipment and arc heating of the
melt (low electric power, typical 200 KVA/t) allows:
1 long treatment times
1 high ferroalloy additions
1 high degee of removal of deoxidation products due to long treatment under
optimized conditions
1 homogeneous steel composition and temperature
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1 desulphurisation, if vigorous stirring by argon.
In ladle furnacethe producedexhaustwaste gases are leaned by mean of bag

filters/ESP.

c. Vacuum Degassing Systems

Since 1970s, Ladle Furnace has become
increasingly popular for enhancement of shop
productivity

out at the LF station

LF route is equipped with 3 electrodes, an
alloying chute, a wire feeder and a powder
blowing device as well as facilities for sampling
and temperature and dissolved oxygen
measurement.

The concept of degassing started primarily ta@dthe hydrogen content in steels
but sooner it served many purposes for production of clean steels. The degassing
systems can be further classified asc@liation Degassers, Tank Degassers.

VacuumTreatment: RH process (Ruhrstaiéraeus)

In the RH process the steel is sucked from the ladle by gas injection into one leg of the

vacuum chamber and the treated steel flows back to the ladle throisgtdne leg.

Tank degassing unit

In the tank degase@rocess, the steel ladle is placed in a vacwanmk &nd the steel melt is
vigorously stirred by argon injected through porous plugs in the bottom of the ladle.
Millibar is term used for measurement otuam. Steam is used for creating vacuum.

Vacuum treatment achieves:

1 reduction of the hydrogen content to less than 2 ppm

1 considerable decarburisation of steel to less than 30 ppm when oxygen is blown

by a lance (RH OB)
alloy additionunder vacuum

1 homayeneous steel composition, high degreecleininessfrom deoxidation

products

High temperature laes (50 100°C) are a disadvantage; therefore high superheat of the

melt prior to this process is essential.
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Ferro alloy addition facility for trimming ad dition

These contain bunkers for storage of ferro alloys, weighing hoppers, conveyor belt, skip;
addition hoppers etc. Addition during vacuum is also possible.

For most secondary steelmaking techniques it is either desirable or essestitiahtoliqud
steel. Gentle stirring is sufficient for inclusion removal; fmoetallic inclisions are brought
into contact with liquid slag on top of the melt where they can be.fixeddegassing and
desulphurisation however, violent stirring is necessary to iserg¢he surface of steel
exposed to vacuum g¢Hemoval) or to mix the steel and slag for good desulphurisation
efficiency.

Ar-gas

\ \ NErapgagpry o \
\,: [‘ _:“\IHIHIIH H::

Ar-gas Slide gate

Bottom stirring Lance stirring
and injection

Pumps

Vacuum
treatment = //I
Rh-degasser Tank - DegasserVAD:VOD
Other Steel Refining Units
electrodes {_’
addition ]
nEggEn hopper _| |
lance to
prabe _? T_ NACULIT
=——— pump
vacuurmm tank

ladle furn;;\,/

argon
inlet

recirculation
taphole degasser

tank degasser
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Metallurgical Principles
() means in slag. [ ] means in steel.

Deoxidation

As steel making process is an oxidation refinprgcess, tap steel from primary furnace
contains significant amount of oxygen(40000 ppm).The sohility of O, in liquid steel is
0.16% but in solid steel it is only 0.003%.Excess oxygen causes defects like blow holes anc
nortmetallic inclusions. Oxygeis lowered by deoxidisers like Mn, Si, Al etc. Through
vacuum treatment oxygen is removed as CO.

Decarburisation
Reactionob C6 &nd edmd v a | i's given by
[C] +[0O] =CO

[C] +1/20, = CO
[C] +(FeO) = CO +Fe
0C6 removal i's contArglolne df boyw waactueu m ilnd v ¢
Oxygencontenf Amount of Oxygen irgcted
Control is reqired during tapping , LF & VAD operatidin avoidrecarburisation.
Some other sources mcarburisation are ferralloys, graphite electrodes during agein

Desulphuristion

Removal of sulphur depends on
i) High sulphidearryingcapacity of slag high basicity
i) High (S)/[S]- sulphur partition
iii) Fluid slag- addition of spar or synthetic slag
iv) High stirring intensity- increased slagnetal reaction.
V) Low O pdential in slag and metdlow Feo+Mno< 5%

Removal of H& N

Hydrogen removal
Reaction is 2[HE H,

[H] = k*CH,
) H content varies witi@p H,
i) To get very low H , vacuum level must loev and improved stirring.

So H removal is controlled by vacuum levat flow rate, initial level of H

Nitrogen removal
Reaction i22[N] = N,
l.  To get very low N vacuum level must be very low.
[I. Compared to H, nitrogen removal rate is low due toddtusibility

5.5 Casting
Continuous Casting of Steel: Basic Principles
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Background

Continuous Casting is the process whereby molten steel is solidified into a "sdradihis
billet, bloom, or slab for subsequent rolling in the finishing mills. Prior to the introduction
of Continuous Casting in the 1950s, steel was pounem stationarymoulds to form

"ingots

". Since then, "continuous casting" has evolved to achieve improved yield, quality,

productivity and cost efficiency. Figure 1 shows some examples of contiraaster
configurations.

Casting of Liquid Steel

A
A

A

Figure

Molten stel is continuously poured into a water cooledr@auldthat is open at the
top and bottom

The steelgradually cools and begins to set solid in theuld The rate at which
molten steel is poured into the top is matched with the rate at which the sellid ste
pulled out at bottom

In this way, a long continuous piece is form8d, the process is called continuous
casting Steel formed can then be cut into length as desired

1 - Examples of ContinuousCasters

vertical vertical with Bending

]

:

[
Curve Type

: : :
ya -

Steel from the electric or basixymen furnace is tapped into a ladle and taken to the
continuous casting machine. The ladle is raigetb a turret that rotates the ladle into the
casting position above the tundish. Referring to Figure 2, liquid steel flows out of the ladle
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(1) into thetundish (2), and then into a watewoled coppemould(3). Solidification begins

in the mould, and continues through the First Zone (4) and Strand Guide (5). In this
configurdion, the strand is straightened),(@orchcut (8), then discharged (12) for
intermediate storage or hot charged for finished rolling.

Figure 2 - General Bloom/Beam Blank Machine @nfiguration

1:Ladle Turret, 2:Tundish/Tundish Car, 3:Mould, 4:First Zone (Secondary Cooling), 5:Strand Guide
(plus Secondary Cooling), 6:Straightener Withdrawal Units, 7:Dummy Bar Disconnect Roll, 8:Torch
Cut-Off Unit, 9:Dummy Bar Storage Area, 10:Cross Transfer Table, 11:Product Identification
System, 12:Product Discharge System

Figure 3 depicts a Slab Castayout. Note the extended roller containmeompared to
that for a Bloom/Beam Blank (as in Figure 2), required to maintain product shape through
final solidification.

Depending on the product ende, various shapes are cast (Figure 4). In recent years, the
melting/casting/rolling processes havesénked while casting a shape that substantially
conforms to the finished producthe NeafNetShape cast section has most commonly
been applied to Beams and Flat Rolledduicis, and results in a highly efient operation.

The complete process chanorin liquid metal to finished rolling can be achieved within two
hours.
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Figure 3 -Slab Caster Layout

500 dia 140 dia

1048 X 450

CONVENTIONAL & MEDIUM THICKNESS SLABS
— 400X 100 3200X 218

1680 X 50

Figure 4 - Continuous Cast Shapes (sizes in millimeters)

Before going into the details @CM a brief description of the caster is given below:
<BOF> => Raw/Crude Steel from converter =><SRU> => Refining crude steel i.e.

killing, Homogeneous Temperature and Composition =><Caster> Turret, Ladle
S/Gate, Shroud => Tundish =>Mould
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Liquid steel comes from thiadle into thetundish. Tundish is a devicehere it collects,
accumulates liquid steel from the ladle and feeds to two or more moulds through SEN
depending on the m/c and process

The basic design of the caster is to solidify liquid steel to its solid products
uninterruptedly/continuously. For thdtet steel to be cast must be killed. Steel from which
oxygen (dissolved in steel during steel making in BOF) is removed at d&Rkidising
elements like Al (Aluminum) Si (siliap) etc is called KILLED STEEL. Oxygen in steel is
measured using Celox Temp agexbressed in ppm. Steel that is to be cast should not have
high ppm of Q otherwise casting cannotlmlone because,©f steel will faom unwanted
oxides viz CaO, Si®, MgO and will be deposited over the entry nozzle and thus will
restrict the flow of std into the mould.

Caster Preparation:
1. Steel that is to be cast is treated well at SRU for smooth casting.
2. Tundish through which casting will be done is to be prepared.

Tundish is a device through which contity of the casting is maintained. There ax®

types of casting practices are in use namely cold tundish and hot tundish practices. Liquic
ste¢ comes from the ladle into the tundish and in turn the tundish feeds the liquid steel into
the mould througldifferent outlet athe bottom of the tundisAundish is made of steel and
inside of which is lined with refractory bricks or castable. After that tundish boards are fixed
over the refractory lined. Submerged emozzle (SEN) are fixed by clamping de®iin

each of the tundish outlet.

3. Mould Preparation:

Mould is the most important equipment in the caster m/c. primarily mould is prepared
accordng to the shape and size of the product. For solidification of the initial liquid steel
that enters into the mould one DUMMY BAR head is used, whictdigite the mould with

a fixed rod or flexible chain. This DUMMY BAR head is packed. Mould is made purely of
copper acopper has the most hedischarge capacity than any other metal economically
available. All sides of this mould is made up of Cu plated dmreat fom liquid steel
immediately discharges trough the copper plates by mould cooling systerar(xgups are
cooled by circulating soft water through designed tubes in the form of coils. Here the
difference of MOULD COOLING WATER Outlet Temperature I&let Temperature is
monitored continuously. It is very much hazardous part in caster m/c during casting. An
alarm is provided as soon as the difference of temperature raises more. Immediate action
are to bedken and if necessary casting should be stdppithou waiting for any other
decision to be asked from anyone.

Casting Process

Liquid steel t&en into ladle is refined at SRU is placed over the turret arm and3&ilie

fixed. Then one shroud is fixed at the bottom of the ladle collector neazlgat no stream

of liquid steel comes in contact with the atmosphere and no spillage occurs. This liquid steel
gradually fills the tundish and from there liquid steel leaves tundish nozzle/TSG through
SEN intothe mould. Initially steel rests on the DUMIVBAR heal on whichsome chillers

are placed to get the liquid steel freeze/solidifagkly then he m/c starts with MOM &
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casting powder is to be sprayed continuously at a certain mould level. The process continue
after the DUMMY BAR head is disconrted as it reaches at its particular position. Length
of the slab/billet is maintained by using cutting torch/ shearing blades.

To summarize, theasting process is comprised of the followiegtsns:

1 A tundish, located above tmeouldto feed liquid steel to theouldat a regulated rate

1 A primary cooling zone or watarooled coppemould through which the steel is fed
from the tundish, to generate a solidified outer shell sufficiently strong enough to
maintain the strand shape as itggasinto the secondary cooling zone

1 A secondary cooling zone in association with a containment section positioned
below themould, through which the still mostiyquid strand passes and is sprayed with
water orwater and air to further solidify the strand

1 Except straight Vertical Casters, an Unbending & Straightening section

1 A severing unit (cutting tofcor mechanical shears) to cut the solidified strand into
pieces for removal and further processing

Liquid Steel Transfer

There are two steps involved in transferring liquid steel from tile ta themoulds. First,
the steel must beansferred (or teemed) from the ladle to the tundish. Next, the steel is
transferre from the tindish to thenoulds.

Tundish
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The shape of the tundish is typically rectangular, but delta and "T" shapes are also common
Nozzles are located along its battto distribute liquid steel to thmoulds. The tundish
also serves several other key functions:

1 Enhances oxide inclusion separation

1 Provides a continuous flow of liquid steel to theuldduring ladle exchange

1 Maintains a steady metal height abovernbezles to thenoulds, thereby keeping
steel flow constant and hence casting speed constamilas

91 Provides more stabktream patterns to theoulds).

Tundish performance largely depends on key process parameters like:
1 Chemistry
1 Fluid Flow
1 Temperatee

Clogging of SEN due to depibgormation is a major problem and leads to:
1 Affects the stream flow pattern mould.
Reduces the pouring rate.

1
1 May lead to premature changing of SENs and termination of gagpieration.
1 Steel quality may be affected.

Factors affecting SEN clogging:
1 Steel chemistry (alloying elements, total inclusions, etc.)
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Caging conditions (tundish depth, superheat, speed, etc.)
SEN chemical composition, geometry & design.

Argon injection rate

Air aspiration into the SEN

Oxygen provded by the refractory materials

= =4 484"

Mould

The main function of thenouldis to establish a solid shell sufficient in strength to contain
its liquid core upon entry into the secondary spray cooling zone.

Copper Wide Face -

Steel Water _
Box .

7 Meniscus

|y Ferrostatic

Clamping
Force

Footroll

* Solidified Shell

The mould is basically an opeanded box structurepntaining a watecooled inner lining
fabricated from a high purity copper alldould watertransfers heat from the solidifying
shell. The working surface of the copper face is often plated with chromium or nickel to
provide a harder working surfacendato avoid copper pickup othe surface of the cast
strand.

Mould heat transfer is both critical and complex. Mathematical and computer modeling are
typically utilized in developing a greater understandinghotildthermal conditions, and to

aid in prope design and operating practices. Heat transfer is generally considered as a serie
of thermalresistances as follows:

Heat transfer through the solidifying shell

Heat transfer from the steel shell surface to the coppeidouter surface
Heat transfethrough the coppemnould

Heat transfer from the copperouldinner surface to theould cooling water

= =4 -4 -2
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Submerged Entry Nozzle
(SEN)

Meniscus

Submergence | S
Depth Lo
FPort Height o
T \ 2

ort Thickness

MNozzle
Bore

Liquid Steel
Pool

Solidifying Steel Shell

Continuous Withdrawal

Mould Oscillation

Mould oscillation is necessary to minimize frictiondasticking of the solidifying shell, and
avoid shell tearing, and liquid steel breakouts, Friction between the shethauld is
reduced through the use miould lubricants such as oils or powdered fluxes. Oscillation is
achieved either hydraulically or via motdriven cams or levers which support and
reciprocate (or oscillate) thrmould

Mould oscillating cycles varyin frequency, stroke and pattern. Howeverc@nmon
approach is to employ what is called "negative strip”, a stroke pattern in which the
downward stroke of the cycle enables tim®uld to move down faster than the section
withdrawal speed. This enables compressive stresses to develop in the shedt¢hae its
strength by sealing surface fissures and porosity.

Mould Flux
1 Functions of mould powder
1 Provides thermal insulation to the liquid steel meniscus to prevent premature

solidification
1 Prevents rexidation of liquid steel in thenouldby atmapheric air
1 Absorbs inclusions
1 Provides a lubricating film anolten slag between solidifyirghell and mould wall

Secondary Cooling
Typically, the secondary cooling system is comprised of a series of zones, each responsibl

for a segment of controlled aling of the solidifying strand as it progresses through the
machine. The sprayed medium is either water or a combination of air and water.
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Figure 5 - Secondary Cooling

Three (3) basic forms of heat trérsoccur in this region:
1 Radiation

1 Conductio
As the product passes through the rolls, hetaaissferred through the shell as
conductionand also through the thickness of the rolls, as a result of the associated
contact.

1 Convection
This heat transfer mechanism occurs by quicklying sprayed wat droplets or mist
from the spray nozzles, penetrating the steam layer next to the steel surface, which thel
evaporates. Specificalip, the spray chamber (Secondary Cooling) heat transfer serves
the followingfunctions:

i.  Enhance and control the rate ofidification, and for some casters achieve full
solidification in this region
i.  Strand temperatg regulation via sprawater intensity adjustment
i. ~ Machine Containment Cooling

Strand Containment

The containment region is an integral part of the secondary cooling area. A series of
retaining rols contain the strand, extending across oppostrand faces. Edge roll
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containment may also be required. The focus of this area is t@e@rsivand guidance and
containment until the solidifying shell is salfipportirg.

Bending and Straightening

Equally important to strand containment and guidance from the vertical to horizontal plane
are the unbending and straightening foréesunbending occurs, the solid shell outer radius

is under tension, while the inner radius mglar compression. The resulting strain is dictated
by the arc radius along witlhe mechanical properties of the cast steel grade. If the strain
along the outeradius is excessive, cracks could occur, seriously affecting the quality of the
steel. These strains are typically mirmed by incorporating a mulpoint unbending
process, in which the radii become progreagivarger in order to gradually straightdret
product into the horizontal plane.

Figure 7 - Curved Section of Multi-Strand Figure 8 - Straightener Withdrawal Units for Strand
Beam Blank Cager prior to Unbending
Unbending

After straightening, the strand is transferred on roller tables tb @gffamachine, which cuts

the product into ordered lengths. Sectioning can be achieitbér via torches or
mechanical shear3hen, depending on the shape or grade, the cast section will either be
placed in itermediate storage, hoharged for finishedolling or sold as a sentfinished
product.

Abnormalities:

During castingsome unwanted hard oxides which gets deposited over the steel into the
mould and interrupts thsteel flowand casting getaborted. This phenomenon is called
Chocking.

In some eses temperature at which liquid steel gets solidified may be reached during
casting which caused solidification at SEN and restricts the steel flow, and then also casting
continuity gets disturbed and castirigps. This is calleéfreezing

Another majomproblem that hinders the casting proce€3resak Out.
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Some Casting Defects:
Types of defects:
9 Surface cracks
9 Internal cracks
1 Blow holes, Pin holes etc

Remedial measures:
1 Control ofsuperheat of liquid steel (appropriate temperature)
1 Steel chemistry
1 Casing speed

Safety Measures:
1 Mould cooling temperature and its difference of temperature of Inlet water and
Outlet water is to be monitored continuously.
1 Tundish walls and slidegate m/c fixed on it is to be olexkcarefully.

5.6 Ingot Casting

A Teeming &dle is prepared for each and every heat. The liquid steel is teemed through the
nozzle present at the bottom of the teeming ladle. The flow of metal into the thoaidh

the nozzlecan be controlled using slide gate system. Earlier stopper rod asseashin

use.

The ingots are stripped off from these moulds. These ingots are then sent to soaking pit
These moulds are again prepared (i.e. cooling by water, cleaning and coating) for another.
Teeming temperataris one of thenost important parametersiimgot casting practice. High
temperature leads to sticker formation while low temperature leads to chocking of nozzle.
Care should be taken so that center pouring is done in a mould.

There are many types of defects associated with ingot casting. Surfacts geich as scabs,
cracks and lappiness are commBottom pouring of steel into fluted ingot moulds is done

in DSP for special steel grades required for manufacturing Wheels and Axles for Railways.

Advantages of ContinuousCasting over Ingot Casting:

1 One of the main advantages of continuous casting over ingot casting is the high
increase in yield from liquid steel to sefmmished cast product.
Ingot casting yield can be as low a3%8.
Continuous casting yield depends mainly on ladle capacity, Sedtiea and
sequence length.
1 Yields of >95% or even higher are not uncommon.

il
T

5.7 SAFETY

LD Process or Primary Steel Making safety hazards:
1 Lance /Lance tip puncture to be avoided and taken care of to avoid any water
leakage inside the convertor
91 During blowing CO gas monitor to be always used for multilevel activities above the
convertor area

Secondary steel unit pose certain safety hazards to personnel working like:
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During argon purgingnetal splashes can cause burn injury.

current of electrode.

coming outmay cause suffocation.

A Danger of carbon monoxide is also there in vacuum treatment stations

Do & Donot
Avoid going near high current line & high current cables in running ladle furnace
and in VAD
A If red spot is observed in ladle, STOP arcing. It neaglto &dle through.
A People must always be aware of the safety hazards of their areas.
1 The following gas used for slag splashing in Converter
a. Oxygen b. Nitrogen c. CO, d. Air
2 Lime is used in Converter as a
a. Flux b. Slag c. Gangue d. Alloying
element
3 Converter vessels are usually line with

10

a. High alumina o . c. Magnesia : .
bricks b. Silica bricks carbon bricks d. Fire clay brick
The fuel gas recovered from BOF process comprises of
a. Methane b. C.N.G c. CO d. CO,

Argon is used for Ladle stirring because
b. Iltisabundantin c. Itimproves the

atmosphere steel quality d. All of the above

a. lItisvery cheap

Slag basicity in Converter process refers to the following ration
b. (Cao+MnO)/

a. (Cao+MgO)/SiO, Sio c. SiO,/ CaO d. CaO/Sio,
2
Lance tip of a Converter is made of
a. Steel b. Refractory | c. Copper | d. brass

No liquid slag is left in the Converter before charging because

c. lItisunsafeto
charge on liquid
slag

a. It damages the b. It disturbs the
Converter lining refining process

d. It causes slag
inclusion in steel

In VAD, the vacuum chamber is evacuated with the help of
a. Steam ejector b. Vacuum pump c. Air compressor d. None

Dissolved Oxygen in steel is not desirable because

a) lItreduces the b) It causes scale c) It causes defects d) It makesthe
strength of steel. formation during like blow holes steel brittle
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In ladle furnace, there dangerof metal splashes and electrocution due to very high

In VAD, VOD & RH vacuum present inside treatment area can pose serious danger
of suction. Body parts may get sucked inside if isolating plate collapse. Also fumes
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rolling

Inert gas is rinsed in liquid steel during secondary steel making for

a) De-oxidation b) Carburization ¢) Homogenization

The full form of VAD
a) Vacuum Argon b) Vacuum Argon ¢) Vacuum Arc
Degassing Decarburizing Degassing

A RH De-gasser has
a) No snorkel b) One snorkel ¢) Two Snorkel

In Secondary refining, desulphurization is favored with
a) Basic oxidizing b) Basic reducing ¢) Acidic oxidizing
slag slag slag

Petroleum coke is added in liquid steel for
a) De-oxidation b) Re-carburization c¢) Slag formation

In killed steel dissolved oxygen is
a) High b) Low c) Medium

Continuous casting has replaced ingot casting because, it is
b) Better quality

a) Cost effective controlled

c) Safer practice

Hydrogen in steel is controlled through
a) Vacuum

treatment b) Arcing ¢) Fe-alloy addition

d)

d)

d)

d)

d)

d)

d)

Solidification

Variable Arc
Degassing

Three snorkel

Acidic reducing
slag

aandb

Not present at all

All of the above

Synthetic slag

During continuous casting the metal stream from ladle falls in to a vessel called

a) Mould b) Nozzle ¢) Tundish
Which among the following process of steel making is the oldest
a) Open hearth b) Bessemer
c) LD process
Furnace process
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Chapteri 6

ROLLING MILLS

6.1  Basics of Rolling

Processes of metadimingare

1. Rolling 2. Forging

3. Extrusion 4. Wire drawing

5. Deep Drawing 6. Sheet metal forming
7. Stretch Forming 8. Foundry

9. Bending 10.Shearing

strip or
plate

Basic Definitions

Rolling
Rolling is plastic deformation of the Input

Desired
. . Output
Metal by passing beteen rolls to give

it the desired shape.

rollers

Draft

Difference in height or thickness of the
material beforeolling (H) and height or
thickness after rollingh) is cdled draft I

(H-h). It indicates how much the metaly
has been pressed during rolling

Spread

Difference in width of material after
rolling (b) and width before rollingR) is
called spread b(B). It indicates how
much the metal has spread during rolling.

Elongation

Difference in length material after rollind) (and length before rafg (L) is called
elongation k-L). It indicates the increase in length during rolling
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Reduction

Difference in area before rollingAf and area after rollinga] is reductim (A-a). It
indicates how much the cross section area has been reduced duimgg roll

Coefficient of Reduction

Ratio of area before rollingA() and area after rollingg] is called coefficient of reduction
(A/a). It indicates how many times the area has been reduced during rolling.

Rolling Constant principle

It states the volume of aterial will remain same before and after rolling. It is useful in
finding input and output sizes

Basic terminology used for measuring mill efficiency

Mill Availability

It indicates the availability of the mill for rolling. In this the planned shutdameh @pital
repairs are subtracted from the total calendar hours.

Mill Availability — Calendar Hours(Capital Repalrs+shutdowgeloo

Calendar Hours

Calendar hours in a year means 24 x 365 days(or 366 in case of leap year)

Mill Availability is expressed in percentage

Mill Utilization

It indicates the utilisation of available inibr rolling. In this the planned delays subtracted
from the available hours

Mill Utilization = Calendar Hours(Planned Repair + Total DeIavi)loo

Available Hour

Available hours= Calendar Houwr¢Planned Shutdown + Capital Repairs)
Mill utilization is expressed in percentage

It is a measure of effective utilization of time available

Hot Hours
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Hours during a day or month or year duriwgich rolling actually took place. Its unit is
hours.

Yield

It is the ratio of useful output iaput expressed as percentage Yie?d2x100
Input

It is a measure of efficient utilization of input and is expressed in percentage.

Rolling Rate

It is tonnage rolled in an hour. It is a measure of speed of rolling and its unit is tons/hour.

Hot and Cold Rolling

Hot Rolling: The rolling process in which rolling is done above recrystallisation
temperature it is called hot rolling.

Cold Rolling: The rolling process in which rolling is done below recrysation
temperature is called cold rolling.

Recrystallization temperature is the temrature on rolling above which we get strain
free grains and minimum residual stresses in rolled metal. It is normally 0.5 to 0.7 times of
melting point of the metal.

All SAIL integrated plants have hot rolling mills whereas only Bokaro, Rourkela and
Salem have cold rolling mills.

Long and Flat Products

During rolling when the input is presd from both directions perpendicularly (from top
bottom and also from bothdes) the length increases to keep the volume of the metal
constant. This is calblong product rolling . If the metal is pressed from tejfpottom the
spreads takes place also on the sides, it is dédliepgroduct rolling .

l '

Flat products
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Long prod ucts

Examples of long products are angles, beams, channels, rails, blooms, billets, etc. Example
of flat products are plates, sheets, strips, etc. In SAIL, integrated steel plants Bokaro ant
Rourkela produce flat products, while Burnpur is a long product plant. Bhiledbarghpur
produce both long and flat products.

6.2  Products of Rolling Mills of SAIL

Bhilai Steel Plant
1 Semis (Blooms, Billets, Slabs and Narrow width slabs)
Rails
Heavy Structurals (Beams, Channels, Angles, Crossing Sleepers)
Merchant Products (Angles, Channels, Rounds and TMT Bars)
Wire Rods (TMT, Plain and Ribbed)
Plates
Bokaro Steel Plant
1 HR caoils, sheets, plates
1 CR coils, sheets
1 Galvanized plain and corrugated sheets

= =4 =4 8 A

Durgapur Steel Plant
1 Semis (Blooms, Billets, Rounds)
1 Merchant Products (TMT Bay Rebars)
1 Medium Structurals (Beam, Joistsh&hnels, Angles)
1 Wheel and axle

Rourkela Steel Plant
1 Semis(slabs)
Plate Mill Plates, Special plates
HR Plates, Coils
CR Caoils and Sheets
Galvanized plain and corrugated sheets
Silicon Steel Sheet & coils
HFW Pipes(ERW) & SW Pipes

= =4 =4 A4 - -

[ISCO Steel Plant, Burnpur
9 Structurals(Beam, Channels, glas)
1 TMT Bars, Wire Rod Coils Products
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Alloy Steel Plant, Durgapur
1 Alloy and Stainless steel Slabs, Blooms, Billets, Bars, Plates
1 Stainless and Hadfield Manganese steaigsl

Salem Steel Plant
1 Hot rolled carbon and Stainless steel flat products
M Coldrolled stainless steel sheets and coils

Visvesvaraya Iron and Steel Plant, Bhadrawati
i Semis, Bars

6.3  Applications of Rolled Products of SAIL

Hot Rolled Colils, Sheets

Used for construction of tanks, railway cars, bicycle frames, ships, engineerligrymi
equipment, LPG cylinder, automobile and truck wheels, frames, and body parts. HR coils
are also used as feedstock for pipe plants and cold rolling mills whesg uridergo
further processing. Hot Rolled Chequered coils and plates are bethgcpdfor using in

floor as antiskidding.

Plates

Steel plates are used mainly for the manufacture of bridges, dams & windmills, steel
structures, ships, large diameter pipes, storage tanks, boilers, railway wagons, and pressu
vessels. SAIL also prodas weatheproof steel plates for the construction of railcars. SAIL

is one of the major producers of wide and heavy plate products in India.

Cold Rolled Products

The produts of the cold rolling mills include cold rolled sheets and coils, which aé us
primarily for precision tubes, containers, bicycles, furniture ,whitegoods industry and for
use by the automobile industry to produce car body panels. Cold rolled products are alsc
used for further processing, including for color coating, galvanizingianohg. Galvanized
Sheets are used in roofing, paneling, industrial sheeting; air condition ducting and structural
applications. Electrolytic Tin Plates are used in contaif@ packaging of various products
including edible oils, Cola, Fruit JuicdRicklesand confectionary items.

Railway Products

Rails are one of the main rolled products by SAIL. It is used primarily to upgrade and
expand railway networks.
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Structurals
I-beams, channels, and angle steel are used in mining, construction of tfectely,
structures, transmission towers, bridges, ships, railways, and other infrastructure projects.

Bars and Rods
Reinforcement steel and wire rods are primarily usethéyonstruction industry.

SemtFinished Products

Semitfinished products (blans billets and slabs) are converted into finished products in
SAIl L6s processing pl ant -rallerdfor caneersian td fieishede r
products.

Alloy and Stainless Products

Alloy and special steel products with alloyed elements dintychromium, nickel, vanadium
and molybdenum are primarily used for sophisticated applications, including in the
automobile, railway, aerospace, power, nuclear,submaringésdafence industries.Special
alloy steel bittets and bars made for defencausgd inshell making. Jackal and spade plates
are critically applied for armour and ammunition vehicle application only. Corrosion
resistance cold rolled stainless steel coils and sheets are used for diverse applicatic
including household utensils, autonilebtrims, elevators, fuel, chemical, fertiliser, LPG
tanks, atomic power, boilers, heavy engineering, dairy and food processing equipment, co
blanks, building and interiatecoration, and pharmaceutical equipment.

Speciality Products

Speciality produts include electrical sheets, tin plates, and pipes. Electrical sheets are cold
rolled products of silicon steel for electrical machinery. Pipes are longitudinally or spirally
welded from hot rolled coils for transporting water, oil,slurry and gas.

6.4 Hot Rolling
The rolling process which is done above recrystallization temperature is called hot rolling.
More reductions are achieved in hot rolling as compared to cold rolling.

6.5 Reheating Furnaces

In the reheating furnaces the Input materials areelddat a specified temperature and
soaked for given time depending upon size of input slab and their metallurgical
requirements for which it is planned to be rolled. Ideally, it is aimed to equalize the surface
and the core temperatures of the slab. Wedlled slabs are discharged from the furnace at
dropout temperature of 11BOCC. The furnace discharge temperature is also to
compensate heat losses in downstream operatwthareby it depends on it.
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Types of Reheating Furnaces:

In Primary mills Soakg pits are used which are primarily batch type furnaces and at
present not in operation . In secondary (finishing) Mills, continuous reheating furnaces are
used. Continuous reheating furnaces are
Beam type. Thee furnaces mainly have firing system with mixed gas ( mixture of coke
oven gas and blast furnace gas) which are readily available in Integrated Steel plants.

6.6 Rolling of Flat Products
Layout of a typical Hot Strip mill is shown in figure below:

Reheating
urnace

Sizing press

e % Roughing Mill
) '/’,
Edger Roll ~ ~ )~
TR : Cooling zone

Finishing Mill - Coiler

o

Reheating Roughing Crop Finishing Cooling
furnace stands shear stands water spray
A A
s ™ - N
ol 0RO O vodRROOR
OO O%C)) []
Hydraulic Delay Finishing Run-out
descaler table descaler table Coiler

Pracess installations shown in the figure above and operations performed are briefly
described below:

PROCESS:

Reheating

Walking Beam Reheating Furnaces are having 6 zones (Preheating zone top & bottom
Heating zone top & bottom and Soaking zone &pbottom). Preheating,heating and
soaking zones have firing system with mixed gas , Slabs are heated, soaked to have unifort
temperature across the cross section of the slabbsdischarged at 11AB0CC based on

the grade of the steel and the planniedethsion

Descaling:
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Layers of scales (oxides of iron) are formed on the surface of the slab during its heating
inside the furnaces. The scales are removed by using high pressure water jet. The descalin
unit consists of headers fitted with nozzles fpraging water both at top and bottom
surface. Descaling is a very important precondition for rolling for defect free products.

Roughing:

The major reduction to the inputaterial is given at Roughing mill group to get the desired
thickness for Finistmig Mill group. Main reduction in thickness is achieved at Roughing
mills and comparatively smaller draft is given at Finishing mills. . For example, if strip of 2
mm thickness is to be produced from 220 mm thick slab, typically, thickness will be
reduced fran 220 mm to 2810 mm at Roughing stands (continuous or reversible) based on
the strip width .Final drafts are given at Finishing mill to get the planned dimensions.

Finishing:

Final required dimensions of the end products are achieved in finistoogspr fishing
temperature of the strip(which is temperature at the last finishing stand) is a critical
parameter, is maintained and not being allowed to decrease below a specified temperatur
for particular grades of steel . This is done to achieventttallurgical properties.

Cooling
Before the hot rolled strips are coiled in the coiler, they are cooled at specified cooling rate

on the rurout-table to achieve the dest coiling temperature. It is very much important for
getting the desired metatbical properties of the strip. The number of the water banks to be
operated is decided by the targeted cooling rate of the strip to achieve the required coiling
temperature.

Coiling:

The Strip moves over ROT and gets coiled in coilers. The coils ar tak of the coilers,
strapped on the body and marked for identification.

Coil Finishing & Dispatch
Coils are sent for further processing or directly sold as hot rolledlipte. Weighment of
the coils, inspection and sampling for both chemical andiphlytesting is done before
processing and dispatch.

Equipments:

Reheating Furnace:

Re-heating furnaces of hot Strip mill are mainly of two typagsher type or walking beam
type. The walking beams are hydraulically operated and the movement of sliaesthe
furnace is carried out by a set of moving & stationary beams. In pusher type furnaces the
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movement is achieved by pushing the slabs one after another. The combystem is
mainly of recuperative type with heating from top and bottom. Fasilif kewed skid
system are there in the furnace to compensate for temperature variations.

Descaler:

The surface of slab moving through water hydraulic descaler and the rolling bar/strip is
impinged by highpressure water jets. At many places, a mahdtwith a pair of vertical

rolls, called vertical scale breaker, may also be provided to remove the scale from edges o
the slab.

Roughing stand:

Roughing mills are genalty having one stand, two stands and mstidinds with 4high
configuration. Tlese stamls can be reversing, n@aversing or combination types. Universal
type roughing stands are equipped with vertical edgers for controlling spread of material in
lateral direction. Rolls of roughing stands are cylindrical and are cooled simply by water

Finishing Stands:

Finishing Stands of Hot strip mill normally have75stands in <4igh construction
(combination of work rolls and back up rolls). These stands arendema and strip passes
through them on continuous basis. Roll force, roll gaplmacontolled through different
mechanisms such as roll bending, pair crossing, roll shifting and varying crown of rolls.
Cooling of the rolls is achieved by spraying water/water oil mixture over backup and work
rolls.

Coilers:

The coilers are used for itiag the strips mainly with the help of Pinch rolls, wrapper rolls
and mandrel.

Plate Mill

The modern plate mill of both RSP and BSP rolls out heavy and medium platdl @s w
those for pipe manufacturers from the reheated slabs.

Side guide Cooling table

\ ]
_vavew b i’
yals
Side guide
Fumace PlateMill

MAJOR Parameters and factors affecting rolled products and their control:

The following major factors affect the quality of rolled products

a) Temperature:

The desired temperature at various stages of rolling needs to be maintained for attaining
product within dimensionabterances and properties.

96



b) Roll conditions:

Roll change schedule has to be strictly adhered to and roll cooling conditions need to be
monitored continuously. Shape andménsional tolerances also depend on the above
mentioned conditions.

6.7 Rolling Of Long Products

Long products have to be hot rolled only, to facilitate the large reduction to be made it
passes. The mills can be basically classified into primary mills and secondary mills. Primar
long product mills manufacture semis mainly blooms ailiéts. The long product mills
which produce finished products like beams, angles, channels, bars, wires and rods, T\
bars and rails, are called finishing mills

Rail Mills

Rails are produced either using the thigh rolling method on twnigh rewersing mills or on
threehigh mills or, increasingly today, using the universal rolling method. The universal
rolling method has proved superior to the conventional methods due to the following
advantages: Closer rail tolerances, better surface qualiteasddil wear.

Rail mill

Structural Rolling Mill

Rolling mills having facilities for rding the billets, blooms, slabs and beam blanks. Input
materials are heated ireheating furnaces (Walking Beam or Pusher Type) to desired
temperature (1100 to 13%). The Rolling is done through Rolling Stands (Reversing or
Continuous) to achieve the desired shape and dimensions. Brand marking on finished prodt
is done at final stais.
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Wire Rod Mill

The objective of avire rod mill (WRM) is to roll steel billets intavire rods. The production
volume ofwire rodsin WRMis subject to the size of quuct to be rolled and
mill availability. High productivity is achieved in caskthicker size rolling.

PROCESS

The processes of rolling of long products can be basically classified into following heads.

Reheating:
The reheating of inputs is done to make the material plastically deformable and pliable fc

rolling to give the dsired shape and size.

Roughing:
Roughing is done to give the input a rough shape. The maximum reduction in cross section

given in roughing mills.

Intermediate Rolling:
Intermediate rolling constitutes taking the roughing mill output as its inputput of
intermediate rolling is sent to finishing mills.
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Pre-Finishing & Finishing rolling:

In Prefinishing & Finishing mills the finished profile shape is made.-fitrishing Mills It

takes metal from intermediate stands as its input. The reductiam igitieese stands is lesser

as compared to roughing and intermediate mill. Finished shape is achieved in finishing mill:
Finishing rolling mills is critical as the final quit shape is made in these stands. In case of
TMT bars thermemechanical treatnm of bars is done after finishing mills area.

Cutting and stamping:

The finished bar is cut to desired lengths as per customer requirement.

In secondary mills stamping of cast number and other details are done on the rolled produ
in hot condition. Tlkse are required for identification and traceability of product and
correlation with test results of destructive tests.

Finishing:

The finishing is done after the bar hbhsen cooled to ambient temperature. Finishing
activities at different mills mainvolve all or few of the following steps:

1 Straightening either by roller straightening machines or by pulling the ends

1 End finishing either by milling or cold cutting

1 Online nondestructive testing of defects

1 Heat treatment

Inspection:

Inspection is cared out by the producer and/or by customer deputed agency and/or by thirc
party to inspect the products and ensure no defective products are sent to custom
Depending onhte specifications, customer requirement the inspection may be for all or few of
the paraneters like Dimension, Straightness, Squareness, Surface Quality, Branding, colot
coding and stamping are done.

Dispatch:

The products are sent to required destinations primarily by rail and in some cases by roe
The activities involve documentah (preparation of dispatch advice (DA), test certificate
(TC) and clearance by train examiner (TXR) in case of rail dispatches. In some case
packeting is done prior to ghatch.

Equipments

Reheating furnaces:

The heating of inputs is done in rehiegtfurmaces.
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Primary long product mills use batch type furnaces (Soaking pits) for reheating of ingots
Finishing mills use continuous furnaces (either pusher type or walking beam type) fo
reheating of inputs.

Stands:

Equipments in which rolling is denare called stands. They may consist of all or few of the
following componentsi Rolls, housings, bearings, chocks, couplings with drives,
manipulators, tilters, screw downechanisms. The stand may have horizontal rolls or vertical

rolls or combinatiorof bothtypes of rolls.

Accessories of stands:

Accessories of stands consist of mainly roll cooling arrangements, guards, guides, tackle:
and grease systems etc.

Automation:

Most of the rolling mills have Levdl automation and controlled with PLC rfachieving
best output and reduction in down time.

Drives:

In most of the mills reversible electrical drives of high ratings are required to drive the rolls.

In certain caes the drives give their output directly to rolls through spindles.

Shears /Cutting Saws:

Shears are used to cut sections (Blooms/Billets) in primary mills. Cutting saws are used to
cut products of finishing mill to desired lengths, cut crops and samples.

Straightening machines:

Two types of straightening machines are in usérishing mills. Roller type in which the
products are straightened by alternately bending the products in opposite directions betwe
rotating rollers. In case of lightg@rofiles the straightening is done by pulling from both the
ends.

End finishing equipments:

Ends with square cut and good surface finish required in some finished products is achiev:
by milling or cold cutting with carbide saws.

Online testing equipment:
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In some finished products online ndastructive testing is done by ukcaic testing machine
(for inside defects) ,Xray for subsurface defects and eddy current testing machine (for
surface defects)

Auxiliaries:

Auxiliaries such as cranes, roll tables, material handling equipreéntsre vey important
for integrated functioning of mill.

Defects of hot rolled long products

Defects due to which hot rolled long products are rejected may be broadly classified as:
a) Rolling defects: Defects induced during the rollifgrocess are classified as rolling
defects.
b) Steel defects:Defects resulting from steel making practices and getting carried
forward during the process of rolling to the errdduct may be classified as steel
defects.

Rolling defects:
Some defects of hoolling are:

Fins and overfills, underfills, Slivers, Laps, Fire cracks and roll marks, Riolledale,
Buckle and kink, Camber, Twist, Shear distortion, Out of square, Burnt edgesbuickle
,wedge.
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Rolling of Special SteelsProcess Flow

Ingots/slabs/blooms

Inputs for Long products
(Ingots/blooms)

Inputs for Flat Products

v

(Slabs) .
v

Soaking Pits

Reheating Furnace

Cogging Mill (# 900)

Primary Descaler

v

I

Hot Scarfing

Roughing mill (bar i 25 mm)

¢

'

Bloom Shear

Rotary shear

v

'

700 Mill

Steckel Mill

\

}

650 Mill

Laminar Cooling

|

}

Billet shear/ Hot saw

Down Coiler
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Special steels including Alloy and Stainless have both continuous cast and Ingot teeming
products. Grades havingigh carbon and high alloy are hot transferred. All ingots and
continuous castlab orblooms are charged into soaking pit furnaces.

The soaked material is transferred from soaking pit to cogging mill by cranes. The scarfed
bloom is taken to bloom shear for discarding hot top and bottom end. The sheared bloom is
ready for finishing olling either round or square sections.

The rolled bloom or billet is cut to length by shear or hot saw depending on the final
requirements. The dis positioning dependshengrades and final property requirement.

The stainless steel slabs receivedrfrdlloy Steel Plant, are heated in a walking beam
furnace in Salem Steel Plant. After this the slabs are transferred to steckel mill for hot
rolling.

Slabs are rolled in 4 high roughing mills to get requireBar thickness and coiled in the
down coiler.

Inspection
Rolled bars, Billets and Blooms are visually inspected in conditioning shops after exposing

the surface either by grinding (zagg or ring), pickling or shdilasting. After exposing the
surface, defestare removed by grinding to the allde depth. Defective portions are
discarded by gas or saw cutting. Ultrasonic flaw detectors are used for inspection of Rail &
pipes.

Surface inspection and dimensional check of hot rolled coils are done before coiling and
disposition.

Testing

Samples e collected from rolled products for testing for both physical and chemical.
Different tests are carried out for checking internal defects, Grain size, Micro Structure,
Inclusion ,Hardness, upsetting ,toughness etc.

Input hot rolled coils testing is derasthey are taken up for cold rolling.

Heat treatment for Long Products

This is done at the finished stage of processing depending on mechanical property
requirement.

SPECIAL PLATE PLANT (SPP)
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Special Plate Plant (SPP) of Rourkela Steel Plant catdte toeeds of Defence & Space
requirements. Special Plate Plantghe only unit in India producing various grades of
guenched and tempered special steel plates, ArmowsRaComponents for Defence in
larger dimen®ns. All these steels are weldable.

6.8 Cold Rolling

COLD ROLLING MILL (CRM)

Purpose of cold reduction is to achieve, a reduction in the thickness, a desired surface finish
desirable mechanical properties, close dimensional tolerance and producing as per customs
requirements. These thitess reductions are achieved through npdss rolling in a
reversing mill or tandem mill. Apart from such mills, a cold rolling mill complex may
include other facilitiedor preand postolling operations. The seence of operation and
material flow ina typical cold rolling mill complex is shown in Figure 3.1.

Fickling line Ciontinuous cold strip mill

— @SWW > @0l rolled

Continuous annealing line

praduct

Fecailing line

Box annealing Sl
— t:]' ] Skinpass mill
Cpen coil annealing
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Hot Rolled Strip l

Pickling Line
Cold Reduction Mill l
Electrolytic —— Hood Annealing Continuous Galvanising
cleaning line Line Annealing Line Line
Skin Pass Mill 4—‘ GP Sheet
(Temper Rolling) Shearing line/
/ GC Sheet
l Shearing line
Tinning Line Shearing & Slitting
Line l
l | '

'

: - Galvanised Galvanised
Tin Plate CR Coll CR Sheet/Slit Pla .Vag's.(l':' Plain/Corrugat
Coil ain ol ed sheets

(Fig.3.1: Typical material flow in a Cold Rolling Mill Complex)

The input to Cold Rolling Mills is the Hot Rolled Coils (HR Coils) from HSM.
N.B.Tat present Tin Plate is not being prodeed

Pickling Lines:

During the hot rolling process, a layer of scale (Iron oxides) is formed on the strip surface,
which must be removed prior to further processing. This removal of scale is performed by
physically breaking of scales by mechanical mefariken chemically treating the surface

of hot rolled strip with an acid. The prc
by dissolving it in acid. Hydrochloricnal Sulphuric acids are most commonly used fo
pickling. Pickling rate with hydrochtic acid is 2.5 to 3 times higher than with sulphuric
acid under equivalent bath concentration and temperature conditions.
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Cold Reduction:

After pickling, the main cold rolling operation, i.e. cold reduction, is performed in cold
reduction mill where jgkled strip is fed between very hard rolls. Cold rolling is done
1 Either in a single reversing stand, equipped with an uncoiler and a coiler, by making
several passes in rensing directions;
or
fIn a continuous tande mill where the strip is engaged inveeal stands
simultaneously, enabling higlension force to be applied.
Cold rolling in multistand tandem mill is widely used because of high speed of operation.
The roll arrangement in each stand ikigh, 6high and even 20igh. The 26high miles
are used for rolling of stainless steels. Application of coolant with lubricant reduces the
friction and heat generation at the roll bite and thus reduces the roll and stoigxaeme
during rolling.

Cold Reversing Mill:

This is a 4Hi reversing mill whichmakes2-5 passes to reduce thickne#isconsists
of a single stand with reels located on either side of the mill. Steel strip is passed back anc
forth till the required thickness is obtained.

Direction o Direction e
of roIIing of rolling
©°d°® ©

Coiler Uncoiler/
Coiler

Schematic of (a) Reversing Mill and (b) Tandem Mill
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Tandem Mill (TM)

In Tandem rolling the material to be rolled undergoes reduction in all the mill stands at a
time.

N~ Backup roll
-5 ég Work roll

N4 Backup ro

IO TP 7777777777

(@) (b)

Schematic diagrams of 3.2(a)-high mill, (b) 6-high mill, and (c) Z-high mill

Each stand of tandem or reversing mills consists a set of independently driven pls; of r
which come in direct contact with therip and create a converging gap forparing
deformation to the strip. These rolls are called work rolls. Comparatively larger diameter
backup rolls support these work rolls. When the mill is having one pair of work rolls and a
pair of backup rolls it is called-digh mill. To impart furtherigidity, in some of the mills

each work roll is supported by one additional roll (intermediate roll) between the work roll
and backup roll. This type of the mill is calléehigh mill. A mill in which each work rolls
surrounded by a cluster of backupdantermediate rolls is called-Aigh mill or Sendzimir

Mill. Schematic diagrams of these mills are shown in figure 3.2.

ROLL SHOP

All Integrated Steel Plants have Roll Shops/Roll Turning Shop , which does
grinding/finishing of Rolls.

These depts supgpb Work roll & Back up rolls to all mills i.e. Hot strip mill ,Plate Mill,
New Plate Mill, Colld Rolling Mills, Silicon Mill, Pipe Plants.,URM,Wire Rod Mill.

Quality of Firished product of all Mills is dependent upgqurality of finishing of Rolls.

All rolls ae changed after certain Tonnage rolled which is different for all mills.

ELECTROLYTIC CLEANING LINE
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Electrolytic Cleaning is required in case material rolled with high percentage of oil while
reduction in mills goes for annealing in furnace.

Annealing Process:
Cold rolled strip as such is not suitable for drawing and deep drawing operations due
to lack of ductility. The work hardening effects of cold reduction esti® loss.
Now these CR coils are to bereraled in protective atmosphere so as :
1. Toimprove the mechanical properties.
2. To increase ductility, particularly to restore the normal conditions of steel after cold
working.
3. To relieve the internal stresses.
4. To remove chemical neaniformity.
5. To change the micretructure of steel from theisforted structure of cold worked
steel to the eqtaxed structure.
Annealing is done in either of the following two lines:
1. Hood (Batch or Box )Annealing Line (HAL)
2. Continuaus Annealing Line (CAL)
Whichever method oénnealing is used, the steel is maimeai inder a protective (nen
oxidizing) atmosphere usirtgydrogen and nitrogento prevent oxidation of steel while it
is at high temperature. For cleaner and brighter coils sometimes Hydrogen is used a:
protective atmosphere though the process is costly.

Hood AnnealingBatch annealing Box/Batch annealing is still the most common and
convenient method of annealing and a major portion of cold rolled coils are annealed in
Hood Annealing furnaces in spite of developmeiitcontinuous and open coil annealing.
The main reason for its wide use is theitle range of annealing cycles can be adapted
suit to Customers6 requirements.

Different annealing cycles are followed for different grade & thickness of cold rolled coils.

Continuous Annealing:

Continuous anrealing involves passing the steel through a high temperature furnace in the
form of a continuous strip.

This is a much faster process compared to Hood annealing Process.

Annealing Overaging
furnace furnace

Coils f

Strip—"
v

(a) (b)
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Figure: Schematics of (a) Batch Anealing and (b) Continuous Annealing
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Skin Passing:

After annealing, the coils are given a further light rolling without strip lubrication. This
operation is called &kin passingor tempers rolling. It is a cold reduction method and the
steel surface or skin is hardened by cold workireggping the steel core soft & ductile. In
fact, temper rolling does impart a small amount of cold reduction, typically between 0.25
and 1.0 percent.

The Skin Pass Mill whereemper rolling is carried out is normallysangle stand 4igh

mill.

Both singleand abuble stand Skin pass mills are present in BSL & RSP.

Following are the main advantages of Skin Passing.

a. Imparts different surface finishes to the strip required for painting, coating
enamelling etc.
b. Gives a flat surface to the strip.
Imparts the dased mechanical properties to the strip.
d. Keeps the strip free from stretcher strains and luder bands that may develop
during the forming operations.
e. The flatness igriproved, and the coil is oiled with rust peative oil.

o

The skin passed coils arghe packed and dispatched to stock yards or Customers as
CR caoils

Sheet Sheering Line (SSL):

Some Coils are sheared in to different lengths in Sheet Shearing lines and sent tc
Customers as CR sheets. SSL consists of one uncoiler & a Flying Shearsteeets

of different lengths. On line inspection is done in most of the cases.

CR SLITTER
In slitter CR coils are slitted lengthise and also to remove side trims to obtamiform
width throughout the coil as custemrequirement.

CUT TO LENGTH LINE ( CTL)
In CTL slitted coils are sheared to the desired length as per customer requirement.

Coated Sheet

SAl L6és family of coated s t-dipped and blecteotyticathyr o d |
applied coatings. The protective coatingsl adiperior corrosion resistance to the many
other desirable properties of steel.
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Electrolytic Tinning Line (ETL) Complex at RSP:

Here the Coating of tin is done by emyhg the principles of electrolysis in aidic
medium.

The continuous Electrolit Tinning Line produces a shining tin coated surface in a variety
of coating thickness. The tin plate shearing lines are equipped with sensitive pin hole
detectors and an automatic off gauge detection system.

Continuous Galvanising Lines at RSP and BSL.:

Galvanizing Lines in both RSP & BSL are Sendzimer type CoatistHotDip Galvanizing
facilities for Online Oxidation Furnace for removing oil, grease,-me Reduction
Furnace for annealing in protective atmosphelet Coating for better control onngi
coating thickness, Chemical Treatment to prevent atmospheric corrosion and Shearing
facilities.

There are also muitoller corrugating machines which produce corrugated sheets.

Shipping Section:

All Cold Rolled products like CR Coils/Sheets, ETP &/GE are packed, weighed, and
despatched through Road or Rail Wagons in Shipping Section.

6.9 Major Cold Rolling Defects

Holes, Scale Pits/Scabs, Scratches, Roll ImprirRell Marks Coil Breaks, Orange peel
effed, Wavy edge, Centre buckle, Pinch, Big or Oxidation, Water stain /quench marks.

Introduction to Pipe Plants and Silicon Steel Plant

PIPE PLANTS (PPs)
Rourkela Steel Plant has two Pipe making mills

ERW PIPE PLANT(ERWPP)

The ERWPP in RSP produces IS grade as well as API grade pipegragt API5L-
X700f pipe outer diameter ranging fromil® t o 18066 (219. 1APhBD t o
pipes are exclusively usetbr transportation of gas and petroleum products.
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Hot rolled coils (from Hot Strip Mill of RSP or from out side sources like BSire the
main input material for ERW Pipe Plant. This input material is cold formed to a tubular
shape by gradual deformation and then welded by the combination of heat and pressure.

SPIRAL WELDED PIPE PLANT(SWPP)

This mill meets the demand of handlibglk transportation of crude oil from shore to
Refineries, slurry transportation, water supply and sewerage disposal to civil engineering
pilings.. SW Pipe Plant hasthe @ap i t y of producing tpo peé2o
(406.4 mm to 1828.6 mm) outeiacheer with wall thickness of 5.6 to 14.2 mm.

SILICON STEEL MILL

This is a fullyintegrated Complex for production of Cold Rolled NOnented electrical
grade Silicon Steel of various sizes and grades in the form of Coils as well as Sheets.

Rolling of Special steels (Stainless Steel)

For rolling of Stainless slabs the following activities are carried out in sequence:
Coil Build -up Line [CBL]:

Bell Annealing Furnace[BAF]
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Annealing, Shot blasting and Picking

After annealing coils are shot Btad and pickled to remove the scale for further cold
rolling. In order to remove the residual scale sticking to the surface, pickling process is
carried out.

Strip Grinding

Coils which require repair grinding is processed in the line using coarse d&elerto
remove the surface defects (slivers, scratches, minor scale etc) in full or in part depending
on the severity and nature of the defects.

Sendzimir Mill (Z Mill)

Sendizmir Mill is used for rollingtainless steel at Salem. This nslla D-high mill having
two work rolls supported by eighteen bagk rolls. Coolant oil is used during rolling which
helps in strip cooling and also lubricating the various moving parts.

Skin Pass Mill (SPM)

Skin passing is done for stainlesses coils using Mirror polish rolls to improve the shape
and have a bright surface and uniform thickness

Sheet Grinding and Polishing Line

Sheet grinding and polishingaohine is used to produce special finished kairline finish
on stainless steehsets
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Chapteri 7

GENERAL MECHANICAL MAINTENANCE

7.1 Introduction

Maintenance can be defined as those activities which are required to keep a facility in as
built condition, so that it continues to have its original Productive Capacitg. Th
responsibility of the Maintenance function is to ensure that production plant and equipment
is available for productive use at minimum cost for the scheduled hours,ingataagreed
standard.

Therefore, the furton of Maintenance Engineering of SAlare entrusted with the
maintenance of plants to care of a regular and thorough supervision of the conditions anc
functions of all operational equipments in the right time so that effects of deterioration can
be spotted early enough, before major costgakdowns and damages occur to the
equipments.

Maintenance management

No longer does it make sense to isolate the critical activity of maintenance management
from therest of operations.

Manufacturing operationand maintenance management systemsanebecoming highly
collaborative as well, offering feedback loops where information and processes can be
exchanged and acted upon.

It is important to have both maintenance and operations groups working closely together tc
optimize both operations and mgenance processes. This will be a key step in achieving
the top two goals of minimizing downtime and maximizing asset utilization.

Every company wants to produce as muobdpct as possible, at the lowest cost, wiité
highest return, at the best ef@acyrate and, of course, without running their assets to the
ground.There is also a trend in manufacturing to focus on lowering production costs
without investing in people and processes. In addition, there is too much emphasis on
reliability engineeringand not enough on planning and schedulksgyorganizations gain a
better understanding for maintenance management they are beginning to realize that it is nc
only maintemnce but total asset management that waltllehem to success. As this trend
continues, t h e concept of Amai ntenance manage
management oO.
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DIFFERENCE BETWEEN MAINTENANCE MANAGEMENT & ASSET
MANAGEMENT

We have developed a table that depictsRbactional Excellence Model (Maintenance
Management) and Asset Mnagement Excellence ModeBy comparing the two, one can
very easily see what the difference is between the models.

Functional Excellence Model Asset Management Excellence Model

1. Operations owns equipment anc
responsible for equipment dléh.

1. Operations owns productic 2. Maintenance is a partnership v

maintenance owns equipment.
Maintenance ecellence meat
efficient service (e.g.repars) tc
production. A customer service mao
dominated by operations. Most w
is inside planning time horizon.
Repair efficiency is the best meas
of maintenance performance. No t
to do it right, but hope there is time
do it over.
Productionr u n s

at an
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operations to identify and work we
to improve equipment health.
Breakdowns represent
unacceptable management sys
failure, andrequire failure analysis
equipment andrpcess.

Production insists on and paipates
in assuring prevention a
improvement activities.

Goals are developed tamwn in ¢
cascaded fashion. Functions sl



have time to turn equipment over
maintenance as scheduled.

. Goals are set by functional manag

resulting in contradictory and se
defeating reward/recognitio
practices. Most measure alagginc
indicators, demonstrating passuts.
Purchasing excellence means ha
the lowest cost of items available.

Pressure is on individuals to do be
No gauges or too

6.

lagging indicator goals (e.g. mont
production), and have unique leac
indictor goals that support activit

(e.g. % of PMs performed t
schedule).
Purchasing and inventc

management 0s hi
service level and mean time betw
failure for purchased parts.

Each piece of equipmenbas a
operating performance specificati
and gets the attention necessary f

The benefits of a successful Asset Management Strategy include:

7.2

Maintenance is an integral part of an Organization in its entirety and therefore, Maintenance
Objectives should be established within the framework of the whole so that overall

Accurate analysis of equipment maintenance, repair, and replacement records.

Increased availability of production systems and equipment.

Fewer failures of production systems and equigmessulting in fewer unplanned

outages.

Improved product quality associated with a reduction in costs related to losing or

reprocessing product.

Lower costs for system anequipment maintenance, spare parts inventand

capital replacement.

Maintenance Qojectives

organizational or corporate objectives and needs are adeggiusfiéed.

The Maintenance Objectives are to:

a) Ensure maximum equipment availability for meeting APP targets;

b) Maintain plant equipments and facilities at an econdsvel of repairs at all
times to conserve #se and increase their life span:

c) Provide desired services to operating departments at optimum levels:

d) Ensure reliability and safety of equipments for uninterrupted production;

e) Ensure operational rdmess of all stantly equipments;

f) Eliminate hazardous environment and to ensure safety of workmens.
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ASSIGNMENTS OF MAINTENANCE :
The assignments of Maintenance are likelype categorized in two big groups, on¢ less
important and vital than the a@h These are:

a) The actual maintenance at site.

b) The theoretical and organizational assignment of Maintenance.

ACTUAL SHOP MAINTENANCE :
An outsider usually sees the shop activities of the maintenance with their obvious results of
maintained and repairedj@pments. These are:
)] Attending continuous running equipments such as air compressors,
central lubrication or hydraulic stations.

i) Cleaning of equipments.

iii) Short term checkig and servicing of equipments.
iv) Lubricationof equipment

V) Long term inspection anmairtenance.

Vi) Planned repair during Shutdowns.

Vii) Capital and Major repairs.
viii) Physical elimination of weak points in Design and Materials.
iX) Unplanned repairs due to Breakdowns.

X) Emergency Manufacture of small spares on shop.

ORGANISATIONAL AND ADMINISTRAT IVE ASSIGNMENTS OF MAINTENANCE:
Maintenance Organization group must ensure availability of equipments and services for

performance of their functions at optimum retumm iovestments (ROI) whether this

investmenbe inMACHINERY, MATERIAL, MEN and MO NEY.

These are:

i) Management of Men:

This includes men power planning, selection, training, evaluation and placement.

Additionally it aims at creating sufficient and capable staff groups like Design Department,

Maintenance Planning Department, Consuorptell, Hydraulic and

Pneumatic & Lubrication groups, Repair shops etc. to meet day to day maintenance ta

guide, control and evaluate activities of maintenance andcssrvi

i) Management of Machines:
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Maintaining inventory of equipments, elaboratiand gplication and development of short

and long term equipment checking and servicing, planning of major and Capital Repair
Plans, Breakdown and Delay Investigation and Analysis, Standardization of equipments
come under this category.

iif) Management of Material:

Inventory, Spares and Consumable categorization, implementation of manufacture anc
repair of Spares, indenting of spares, consumables and tools etc. come gsnchetary.

iv) Management of Money:

Managenent of Maintenance Budget, implementati of an accounting system for
evaluating cost of manufacture and repair as well as follow up of the cost of expenditure on
account of maintenance comes under this category.

7.3 Types of Maintenance Systems

Any Organization which is involved in machme plant, equipments and facilities must
have a cleacut maintenance policy.
Broadly the following methods are used for carrying out maintenance activities.

a) Breakdow maintenance

b) Preventive Maintenance

c) Planned Maintenance

d) PredictiveMaintenance

Breakdown Maintenance:

This is event based and carried out when breakdown of equipment takes place bringing
down production. This is firefighting and should be avoided at all cost. Cause of such
breakdowns must be analyzed and action mutdken for norrecurrence of the same.

Preventive Maintenance:
Preventive maintenance system refers to those critical systems, which have to reduce th
likely hood of failues to the absolute minimum. This is an endedo forestall unplanned
down time ofMachnes. It consists of Planned & Coordinated inspection, adjustments,
repair and replacements in maintaining equipments. Preventive maintenance of a machine ¢
a running line can be carried out both during operation as well as shut down.

Purpose : To make necessary and timely repair and prevent unscheduled
interruptions and deterioration of the equipments.

Result:  Minimum operation down time, better overathaintenance planning ,
emphasizes weakness@a equipments and accessories andagegimaintenance cost .

Planned Maintenance :

Planned maintenance is carried out with forethought, control and records to- a pre
determined plan. In the planned maintenance system the emphasis is the machine needs a
the expected requirements frometimachine. It has to be centered around the original
recommendations made and prescribed by the original equipment manufacturer (OEM). The
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maintenance manager has to use taf experience and expertise to super impos
refinements and improvements on mawtdiers recommendations.

Essentials of Planned Maintenance
It basically consists of the following activities:
1. Inspection

2. Planning & Execution

3. Reporting & Documentation

4. Feed back & Actions for improvements
5. Investigation

Inspection:

Inspection is thenost important ingredient. A sound inspection system forms a strong base
for a good maintenance system. It must be carried out by sincere and experienced hands
that theright problem can be detected at the rigihte by the right people to take timely
corrective actions. One should also look for statutory violation and unsafe working
conditions. The frequencies of inspection can be finalized depending upon the severity of
the working condition and its importance in the production environment.

Planning and Execution:

Maintenance planning is essentially based on past experience, equipment condition and th
recommendations of the OEM. There can be both Long and Shortpiamming for
executing any repair. Men, Matals and supporting services havebt panned to carry

out any planned execution of equipments

Documentation

Details of Maintenance activities and all related requirements with reference to men,
materials, services should be documented both before and after execution. This id require
for future references and building up of a sound maintenance history.

Feedback

The behavior of machines / equipments should be recorded from time to time immediately
after the repair so as to note the improvetskechanges in performance if any whigill go

a long way in improving and fine tuning of future Maintenance practices.

Investigation:
Sudden or gradual failure of equipments, repetitive failures must be thoroughly investigated

and the reasons identified. This will help prevention of unscheduled equipment
breakdowns. Methods such as Root Cause Analysis (RCA) etc. are adopted to determine th
causes of failures and necessary actions aeatik nonrecurrence of the same in future.
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Predictive Maintenance:

This is atecmique to determine the condition of in service equipments in order to predict
when maintenance should be performed. This approach offers cost saving over routine o
time-based Preventive maintenance because tasks are performed only when warranted. Mo
Predictive Maintenances are performed while the equipment is in service, there by
minimizing disruption of normal system operations.

Adoption of Predictive Maintenanc®dM) in the maintenance of equipments casultein
substantial cost savings andjhersystem reliability.

Reliability Centered Maintenance or RCM emphasizes the use of predictive maintenance
(PdM) techniques in addition to traditional preventive measures.

In recent years, the trend is for implementation of predictive maintenamgées;tbut it is
done without fully embracing and understanding its value. However as with any tool,
successlepends upon implementation and use of the tool.

Monitoring overall equipment effectiveness and reliability process effectiveness are no
longerenoudn. While important, these measures are only the first step. The results to cost
savings must be quantified and thereby increase in revenue capacity.

By doing so, reliability managers can quantify efforts in terms top managers understand.
Start with studying the asset to determine how it can fail and the repercussions of those
failures. Though it requires more work up front, efficiencies in PdM implementation pay for
theextra time quickly.

Monitoring is just part of the proceddespite all of theimprovements in reliability
engineering and predictive technologies, this simple concept is still poorly understood
across industries. Large capital expenditures are made to support monitoring, but far les:
attention is paid to the analysis of the datguared through process monitoring.

Competent individuals analyze data to convert data to information.

Companies must ensure the people performing analysis are competent, tedgequa
resourced, and have the necessary controls within their processes topl&itothe
established objectives.

Traditional PdM practices often take process for granted. Methods for acquiring data,
analyzing data, reporting information and managing the information are rarely reconsidered
as opportunities for improvement. Howevéne new economic environment is forcing
everyone to reconsider conventional wisdom and accepted truths.
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Technologies of Predictive Maintenance

To evaluate equipment conditionedictive maintenance utilizes Nalestructive testing
technologies, such a@sfrared, aoustic (partial discharge and airborne ultrasonic), Vibration
analysis, Sound level measurements; @nllysis and other specific online tests.

Vibration analysis:

Every equipment in motion causes vibration and can be characterized bydhenfty
amplitude and the phase of the wave. When a machine is operating normally, the pattern o
vibration is recorded as vibration signature. The deviations are registered ibraton
analyzer and this lead to corrective action.

Ultrasonic:
The techmque is usail to survey wall thickness of metallic vessels, piping etc to detect
cracks and to determine extent of Corrosion /Erosion at vulnerable areas.

Infrared Detection:

Use of infrared picture or thermograph is used for heated spot detectiois parsicularly

useful when temperature are high and conditions cannot be known of happenings inside th:
Furnaces, Vessels, Ladle walls and pipe lines including heat building ugElectrical
cables etc. .

Eddy Current:
This is useful in the inspectiarf defectsof nonmagnetic pipe tubes of heat exchangers or
other units.

Oil Analysis:
By analyzing the oil samples of the running equipments, information regarding deterioration

of components can be established. It is a long term programme but caorderedictive
than any other technologies. The concentration of metallic particles shows the extent of
wear in the equipments and this calls for timely action before any breaktd&es place.

Latest techniques of maintenance adopt a proactive / jgrecisaintenace approach.the
phil osophy behind this kind of technique
Main constituents of this technique are:

1. Operating context of a particular equipment/machinery

2. Coll ection of histori caduringlitalifesimd equi pn
3. Performance of special tests such as bump test, phase, lubricant,thermography etc.

Advantages and Disadvantages of proactive maintenance:
Advantages:
1. Equipmentife is extended

2. Equipment reliability is improved
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3. Reduction in failures
4. Downtime redudbn
5. Reduced overall maintenance

Disadvantages:
1. Increased cost of instruments and services.

2. Additional skill is required for operating instruments.
3. A change in mindset and philosophy is desired.

The need of hour is to shift towards short CGTeg@®ling, Greasing & Tightening) regime
from conventional PPM schedule.
Benefits:

U Adjusting maintenance negtb higher production requirement.

U Reduction in maintenance downtime.

U Optmum utilization of manpower.

U Increased frequency of cgt ensures greatetiéty.

7.4 Latest Trends in Maintenance:

Computer Managed Maintenance SysteniCMMS) is adopted in some of our SAIL units

is of immense value in terms of Equipments documentation, Maintenance planning
(Schedule, Inspection and Lubricat), Costs, Material requirement, Management
Information System .

The advantages are :
I) Instant commanication to all levels of managements

i)  Optimisation of available resources men and materials

iii)  Improved planning and scheduling

iv) Ready accessibilitio job backbgs

v) Improved inventory control due to instant access to stock data

vi) Overall improvement in system and time management for purpose of
implementation.

CMMS Moduleconsists of the following:
1. Equipment classification

2. Maintenance Planning ,ExecutigMonitoring, Evaluation and History
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3. Captive Shop schedule and Manufacture of spares for optimum uditizat
4. Material planning / Purchasing & Stores Control System

Condition BasedMaintenance System (CBMS):

Condition Based Maintenant@s been desibed as a process which requires technologies
and peoplebds skills that integrates al/l €
and performance data, Operator logged data, maintenance history and design knowledge) 1
make timelydecisions about maintenance requirements of equipments .

The goal of Condition Based Maintenance isofimize reliability and availability by
determining the need for mainterce activities based on equipments condition. Using
APredi ct i v,eechnadoges, rcandjtiore moaitoring and observations, it can be
used to project forward the most probable time of failure and enhance the ability of the Plant
to plan and act for prevention of the same.

Preventive maintenance jobs that are taken uparenly limited to time based frequencies
but based on conditions also. While regular inspection, nriomgtoof parameters like

pressure, temperature, current etc. detects masly fequirements, maintenance
organizations are adopting modern methods afddmn Montoring as detailed under
Predictive Maintenance (PdM).

7.5 Lubrication
Introduction: -

A common feature of mechanically engineered system is relative motion of one component
with respect to another. Friction results in energy dissipal he most standard approach is

to use lubrication in the hydrodynamic range. The friction may therdnsiderably
reduced.

Origin of friction is very basic in nature and esttre care is required to reduce it to a low
level. It is considered as a s¥8t propertywith a pair of materials being specified. A few
important thumb rules apply:

1. The friction force always acts in a direction opposite to that of the relative velocity
of the surfaces.

2. The friction force is independent of the apparent geometg @ir contact.
3. Rolling friction is always much less than the sliding friction

Wear is progressive losd substances from the operating surface of a body as a result of
relativemotion at the surface. For dry metals in sliding contact it is importargteothat:
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1 Wear rate is independent of the apparent area of contact.

1 Wear varies with load applied.

BASIC OBJECTIVES OF LUBRICANTS

The basic objectives of lubrication are to reduce friction and control wear in machine
elements which are in relative matidn addition to these:

1. Toremove the heat generated at the inter face (contact) area.
2. Flush out contamints by carrying them to filter.

3. Resist formation of deposits on surfaces.

4. Inhibit aeration (air bubbles) and foaming of lubricant.

5. Dampen noise.

6. Actas a sealant

7. Protect surfaces against corrosion.

The lubricant could be a solid, sesulid, liquid or mist form. The use of a particular type
of lubricant depends on the nature of application. Liquid lubricants find greater usage as
compared to other fms of lubricants.

Greases

Greasas defined as a solid to semi fluid product of base oil & thickeningtageely used
because of its unique property to adhere to the contafetcsurThe liquid phase may be
mineral or synthetic oil or a mixture of twdhe thickenng agent sometime called a gelling
agent may be a metallic soap, mixture of
for by petroleum oil greases. The most common greases are made from metallic soaps
Among soap based greases calcigrease first appeared, followed by sodium, sodium
calcium, lithium & complex greases. Some additivesliaeeantroxidants, antwear, anti

foam, rust inhibitor, corrosion inhitar are added in grease to improve its performance
according to application.

In selecton of grease temperature is an important factor. Petroleum greases are inexpensiv
and adequate for temperatures betweB®C and 108C. Some special greases may
withstand a temperature above D(on soap based greases in particular siligpease &
calcium suplphonate, poly urea based is useful. For low temperature applications, synthetic
greaes have proved successful.

Advantages of grease:
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1. Less frequent application as it is easibtained in lhe system and leakage is
minimum due to less flow ability.

2. Better rust prevention characteristic compare to oil.
3. Lubrication of inaccessible parts.

4. Provides better sealing action by preventing lubricant loss and ingress of
contaminants.

5. Requires simplified housing design.

6. Simpler seals could also be very effective due to the physical propertyalfidity)
of the grease.

Disadvantages:
1. Does not perform as a proper catla
2. Cannot flesh away contaminants like liquids.
3. Requires high torque to its semi solid nature.

4. Heat generation is high due to high viscosity value

Grease nomenclature is according to the thickner (soap) type, additives & its consistency ir
NLGI scale from 000 (fluid) to 6 (very hard). NL@ is the normal grease us€blLGI-
National Lubrication Grease Institute)

Lubricating Oil

Oil is a liqud which is lighter than water and insoluble in it. Liquid at normal teatpes
of a viscous consistence and characteristic unctuous feel, lightew#tar andnsoluble in
it. Oils derived from vegetable sources are generally termddttysoils and oils from
animal sources as well.

Today petroleum is the biggest economical source of lubricants knommesal oils.The
normal working range for esof mineral oil is-20° C to 90C. For every 18C rise over the
maximum temperature limit maximum liferieduced by 50%.

Synthetic oils have high and low temperature operatmaisfighting fire hazards gave way
to its development. Sone@lvantages arever mineraloil

1. Wide temperature range.
2. Prolonged life

3. Less oxidation
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4. Minimum loss in consumption due to low volatility.

Oil lubrication systems are widely used in rolling mill gear box, Bearings of turbine & large
fans of sinter plant.

Lubrication methodologies

Every lubricating point has a specific lubricant requirement, lubricant schedule, working
envionment and manner of lubrication. Therefore lubrication philosophiesr diffe
accordingly as 1) Manual and 2) Automatic Lubrication systems.

Further ether of thesystem can be categorized as 1) Single point lubrication and 2)
Centralised lubrication system.

Manual Lubrication

Manual Lubrication can be done either at individual lubricating points or into a particular
point from where it is centrally diributed to different points through a network of
pipelines. Here, the lubricant is manually pumped feomobile/dedicated can/tank and the
flexible discharge hose is connectather directly onto the grease nipple or into a fixed
point from where it ges distribued into the network. Manual lubrication is preferable in
mobile systems where connecting hoses and pipelines between lubricating points and
fixed pumping station is not always possible or economical. It is also preferred where the
lubricationschedule is not frequent. The main disadvantages of manual lubrication systems
are that the number of ldbating points that can be lubricated from a central point are
limited since the high pressure necessary will not be possible manually. Also, vebemei

to lubricating individual lubricating points, given the sheer number of bearings in a large
scale industry as well as some lubricating points being inaccessible, the chances of som
bearings missing out on lubrication are high. Moreover, it is aéficult to adequately
maintain the quantity of lubricant and the frequency of lubrication into individua
lubricating points.
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Automatic Lubrication

Automatic lubrication systas negate manual involvement in the lubrication process. Here,
a pump driverby a motorpressurizes the lubricant stored in a reservoir into a pipeline. The
pressurized lubricant with the help of various distributors and pipelines reach the respective
lubricating points. The advantage of automatic lubrication systems over mahat farge
number of lubricating points can be lubricated from a single pumping system due to the
high pressures that can be attained. Moreover, the quantity of lubricant cantbaled.

Automatic lubrication may be of single point or centraliadafication gstem.

The centralized lubrication systems are of 3 types

1. Single line system

2. Dual line system

3. Multiline system
Single Line Lubrication System

Single line lubrication systems have a motor operated pump, pumping pressurized lubrican
into pipdines to lubricating points through single line metering devices or distributors.
From the distributors, he lubricants pass through one lubricating point to another
progressivelythat is only after one point is lubricated does the lubricant proceed® to t
next. Thedisadvantage here is that if there is a clog in the piping of any lubricating point, all
subsequent lubricating points remain un lubricated.

Dual Line Lubrication System

In the dual line lubrication system the pumping system is similar téeding; but here, the
entire lubrication is divided into two phases or cycles. The first cycle takesfchadf the
number of target lubricating points and second half tardetsrémaining half. This
changeover is done by a change over valve (COV)e e lubriation is not progressive

but parallel that is jamming of any one pipeline will not stop the lubrication of other
lubricating points. Also, since a single system will take care of both the cycles individually,
lubricating points of the order (#00-400 points spread over very large distances can be
brought into the network. Also, the necessary kdimg quantity, pressure and frequency
can be maintained based on requieats.
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The advantage of a twlne system is that it supplies an exact enetl quantit of lubricant

from one pump station over large distances. The metering devices are operated by two mai
lines, whereby here the lubricant is simultaneously the control medium of the system. The
two-line system can be combined with secondamygpessive metering devices, thereby
increasing the total number of lubrication points that are served tly-ine metering
device.
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A typical dual line system flow diagram

Parts of a Dual Line LubricatioBystem:

Reservoir

Pumps

Distributors

Change over valves

End of line pressure units
Refilling unit
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Dual line grease lubrication system is extensible used as automatic system in steel plant.
HYDRODYANAMIC LUBRICATION:

It signifies that such a lubriagah mechanism is due to motion. The shape of two surfaces
being separated by the lubricant film and threilative motion is such that a pressure is
generated in the lubricant il which takes up the external load. Usually in hydrodynamic
lubrication thi&ness of lubcant film (film thickness) is significant and the pressure
generated is not adequate enough to deform the surfaces locally.

HYDROSTATIC LUBRICATION

It signifies that the lubricant is supplied at such high pressures that it separatesattessurf
in relative motion, simultaneously taking up the external load and hydrodynamic action may
or may notbe present.

OIL MIST LIBRICATION

It consists of a mixture of oil and amized oil being supplied to the bearing housing under
suitable pressure. Qthist is fomed in an atomizer.

7.6  Bearings & Bearing Housings

Bearings are machine element and are designed to overcome friction to provide ease @
rotation & transmit the load. Generally bearings are made of Gunmetal. One way to reduce
friction is by alding lubricant and other way is to utilize rolling elements. Friction is
reduced as things roll easieraththey slide. Bearings are designed to support shafts and
allow free rotéion on applied loads. There are three basic type of |d@adialloads are
applied pependicular to the shafxial loads are applied parallel to the axis of rotation.

Combinationload is encountered when the bearing simultaneously subjected to radial and
axial load.
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Bearings can be categorized as:
Plain bearings

Many appli@ations require oscillating, linear movements and require accommodating
misalignment. Spherical plain beags, rod ends and bushings in various designs and with
different sliding ontact surface combinations are suitaBlashings are also referred to as
journal or skeve bearing. The plain bearing is cylindrical in shape and designed to fit tightly
in the housing and on the shaft. Tdw/antages of plain bearings include:

1) Smaller outside diameter (as compared to rolling element bearings)
2) Quiet operation and absorption of shock loads.

3) Repetitive back and forth motiondatow cost

4) Can take more misalignment compared to rolling elementrigeari

Bronze, Babbitt, PTFEare various low coefficient materials used phin beamg
construction. Some plain bearings are maintenance free (lubrication not required).

RADIAL SPHERICAL PLAIN & ROD END BEARING

These bearings find applications in hydraulic cylinder clevis, large sixe.vBhese are
available in maintenance free & requiring maintenance types
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Rolling element bearings:These are also called as ainication bearigs &
more canplex than plain bearings. Its major components are: inner race, outer race,
rolling elements & cage.

Inner/Outer race and rolling elements carry the bearing load, the type, size, and
numbers of the rolling elements directly influence theibeay 6 s over al | (e

The cage is added to maintain even spacing between each rolling elemeneasdre
equal distribution of load. Steel & brass cage is common. S@ses plastic is also
used.

Seals and shields keep lubricants in and kampaminantout. While increasing the

size and quantity of rolling elements increases the overall load carrying capacity.
Bearing seals are mostly found on single and double row ball bearings. Bearing shields
are made up of steel and are affixedtottebed ngdés outer ring, l
shield does not make contact with the inner ring.

DIFFERENT B EARING TYPES
There are many types of bearings, each used for differehtatmm either singularly or in

combinations. These include ball bearingdler beamgs (spherical, cylindrical, taper roller
& needle roller) & thrust bearings (ball or roller).

BALL BEARINGS

Ball bearing is a common bearing found in electric motor & centrifugal pump. These
bearings are capable of taking both radial axial loads and are usually found in
applications where the load is light to medium and is constant urengéie not shock
loading). Deep groove & angular contact type are tweetsaof ball bearing designated as
BXXX & 7TXXX.
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ROLLER BEARINGS

SPHERICALROLLER

Roller bearings like the one shown are normally used in heavy duty applications such as
conveyer belt pulleys, gear boxes, industrial fans where they must hold heavy radial loads
In these bearings the roller is a cylinder, so the contact bettheeinner and outer race is

not a point (like the ball bearing above) but a line. This spreads thelnau/er a larger

area, allowing the roller bearing to handle much grdagets than a ball bearing. However,

this type of bearing cannot handle thirdloads toany significant degree. Spherical roller
designated as 2XXXX.

Spherical roller bearing comes with plain or taper bore. Taper bore bearing is used with
adapter or withdrawal sleeve for easy mounting & dismounting. Adapter sleeve are
designatedaH-XXX.

Double row spherical roller of diameter above 500 mm is used in converter trunion bearing
in sinde piece of split type.

CYLINDRICAL ROLLER BEARING

Cylindrical roller bearings generally are single row bearings with a cage.-t#ighcity
bearngs, doublerow bearings, mulkirow bearings, single, double and mutbiv full
complement bearings (without a cage) and split bearings are other varieties. Bearings with :
cage can accommodate heavy radial loads, rapid accelerations and high speeds. Fu
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complement bearings incorporate a maximum number of rollers and are therefore suitable
for very heavy radil loads at moderate speeds.

Four row cylindrical roller bearings are gealéy used as roll neck bearing in rolling mills.
NEEDLE ROLLER BEARING

A variation of roller bearing design is called tt
needle bearing. The needle roller bearing
cylindrical rollers like those above but with a ve
small diameter. This allows the bearing to fit ir
tight places such as gear boxes, cardan shafts
rotate at higher speeds & also has a more |
carrying capacity.

THRUST BALL BEARINGS

Ball thrust beangs like the one shown are mos
used for lowspeed non precision appligans.
They cannot take much radial load and are ust
found in low precion farm eqgipment. Thrust ball
bearing designated as 5XXX.

ROLLER THRUST BEARING

Roller thrust bearings like the one illustrated ¢
support very large thrust loads. They are of
found in gear sets like car transmissions betw
gear sprockets, andetween the housing and tl
rotating shafts. The helical gears used in n
transmissions have angled teethis can causes
high thrust load that must be supported by this t
of bearing. Roller thrust bearing designated
8XXX
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TAPER ROLLER BEARI NG

Tapeed roller bearings are designed to support large radial and large thrust loads. Thes
loads can take the form of constant loads or shock loads. Tapered roller bearings are used
many gear boxes, where they are usually mounted in pairs fagpagite directions. This
gives them the ability to take thrust loads in both directions. Taper robggndged as
3XXX in metric size & in inch size 9XX/9XX.

Four row taper réér bearings are used in rolling mills rolls.
BEARING DESIGNATION SYSTEM

The designatios of most rolling bearings follow a system that may consist of a basic
designation with or without one or more prefixes and/or suffixes

Common Suffixes

C- Plain bore

E- Internal design

K- Taper bore

W33- Oil groove with hole

Z- Metal seal orone side

Z7/27Z- Metal seal on both side

2RS Soft seal

MB- Machined Brass cage

Internal Clearance: C2ssthan normal, C3greater than normal, Ggreater than C3 & G5
greater tha C4
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Bearing series 6(0)4

544 623 (D)4
223 524  G[0)3 33
213 543 622 23
232 523  6(0)2 23 (073
222 542 630 32 22
241 522 B(1)0 22 12
23 16(0)0 41 (02
240 323 534 639 kR k3| 41
230 313 514 619 &0 k1i] 3
249 303 533 609 50 20 60
139 239 332 513 638 T{0)4 814 40 10 50
130 248 322 532 628 7(0)3 894 30 39 40 23
(1)23 238 302 512 618 7(0)2 874 [:1:] 29 30 (0)3
1(0)3 EES 511 608 T(1)0 813 59 19 [:1:] 12
(1)22 294 330 510 63T 719 893 49 38 49 ()2
(0)33 1(D)2 293 320 4{2)3 591 62T 718 812 39 28 39 10
()32 1(1)0 292 323 42)2 580 B17 708 81 29 18 48 18
Bearing type
NC, NCF

NF,NFP  NNF

NJ, NJF, NJP NNC

NP,NPF  NNCF

@ NU,NUH  NNCL

NUP, NUPJ  NNU

o8 5 o SO 0O oEadO B
5 7 ]

(0) 1 2 3 4 6 c M MM QJ
Radial bearings Thrust bearings
Width (B, T) Height (H)
BE EEIEIE e [ =1 o 2]

H
T
B Diameter series

ol

D

V

Dimension

XXXXX

W
Bearing series Size
drs

SPECIAL BEARING TYPES.

The above bearing types are some of the noostmon. Essntially further types of
bearings usually take all or some of the characteristics of the above bearings and blend ther
into one design. Some of the special bearings used in steel plants are slew bearing, CARI
bearing,
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This bearing can takradial, axial & tilting loads

. Slewing bearings are generally manufactured

_/ \ i very large diameters & fed by bolting. These ar
\,,___,_./ found application in blast furnace clay gun & t

hole drill machine, Caster ladle turret & hea
cranes. Plain & gear (inteal & exterral) are two
varieties.

CARB Bearing It is a single row spherical roller bearing which ¢

take axial movement. This bearing finds applicat
- S
(/A

in beam blank & slab casters.

Mounting and dismounting of Bearings:-

Bearing is an extremelyccurate component parts which fit together with very close
clearances. The bore and the outside dianaemanufactured within close tolerance. To
fit with respective supportmmembers the shaft and the housing manufacturer tolerances
limit must befollowed.

Three basic mounting methods are used, the choice depending on factors such as tr
number of mountings, bearing type and size, magnitude of interferences and the possible
available tools.

1) Cold mounting/dismounting: -

Mounting of a bearing whout heating it first is the most basic and direct mounting method.
Force of sufficient magnitude is apgd against the face of the ring having the interference

fit. This methodis most suitable for cylindrical bore bearings up to about 70 mm bore and
for tapered bre bearings up to about 240 mm bore.
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For dismounting of plain bore bearings mechanical/hydraulic bearing pullers & press should
be used. Direct hammering should be avoided as it may damage the bearing.

For mounting/dismounting of tapéore bearings adapter sleeve nut to be tightened/loosen
by C spanner.

2) Temperature mounting: -

Temper&ure mounting is the technique of obtaining an interference fit by firiducing a
temperature differential between the parts to be fitted. Theessary temgrature
differential can be obtained in one of the three ways:

a) Heating one part (most common)
b) Cooling one part

¢) Simultaneously heating one part and cooling the other.

Heat mounting is suitable for all medium and large size straight bore bearings with
cylindrical seating arrangements. Normally a bearing temperature % &Bove shaft
temperature (not to exceed 220 provides sufficient expansion for mountings the
beaing cools, it contracts and tightly grips the shaft. It is important to heat the bearing
uni formly and t o regul at e heat accur at e
metallurgical properties (softens the bearings). Never heat a beanggamsopen flame

such as a blow torch. Heat mounting reduces the risk of bearing or shaft damage during
installation because the bearing can be slide easily on to the shaftpAagrelectric heat
bearing mounting devices include induction heater, syvkat plate and heating cones. Of
these, induction heaters and ovens are the most convenient and induction heaters are tl
fastest devices to use.
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Hot oil baths have traditionally been used to heat bearings, but are no longer recommende
except whermunavoidable. In addition to health and safety considerations, the environmental
issues about oil disposaite also involved.

In case ofhot oil bath both the oil and the containenust be absolutely clean. Oil
previously used for some other purpose shduddthorougly filtered. An insufficient
guantity heats and cools too rapidly. Thus introducing the risk of inadequately or unevenly
heating the bearing. It is also difficult in such a case to determine when the bearing has
reached the same temperaturéhasoil.

Sufficient time should be allowed for the entire bearing to reach the correct temperature.
The bdh should cover the bearing.

3) Oil injection mounting/dismounting: -

Oil injection method allows bearings and other components with an interfdietede

fitted in a safe, controllable and rapid manrers based on injection of oil between
interfering surfacesThe mating surfaces are separated by a thin film of oil injected under
high pressure, thereby virtually eliminating the friction betw#dgem When dismounting
bearings mounted on cylindrical bore, the injected oil can reduce the required farces

by up to 90%. Subsequently, the physical effort required wiserg a puller to remove the
bearing from its seating is significantly rexda Oil Injection Method to dismount bearings
mounted on tapered bore, the interference fit is completely overcome by the injected oll.
The bearing is then ejected from the seating with great force, making the use of a puller
unnecessary

This method a n 6 t be wused wun
the design of mounting. Special oil injection tool
required.
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After mounting of bearings the axial float of the bearing should be as pbt OE
recommendation.

Storage and handling

Keep bearings in their original apened paclges until immediately prior to mounting to
prevent the ingress of contaminants and corro®earingsare coated with a rugthibiting
compound and suitably packaged before distribution. For open bearings, the preservative
provides protectioragainst corrosion for approximately three years. The conditions under
which bearings and seals are stomah have an adverse effect on their performance.
Inventory control can ab play an important role in performance, particularly if seals are
involved Thereforea "first in, first out" inventory policy is recommended.

Sealed bearings, the lubrication properties of the grease with which they are filled may
deteriorate with timeLubricant deteriorates over time as a result of ageing, condensation,
and eparation of the oil and thickener. Therefore, sealed bearings should not be stored fol
more than three yes

Large rolling bearings should only be stored lying down, preferality tve support for the
whole extent of the side faces of the rings. If kepa standig position, the weight of the

rings and the rolling elements can give rise to permanent deformation because the rings ar
relatively thin walled. For the same reason, if large and heavy bearings are moved or held ir
a position using lifting tdde, they should not be suspended at a single point; rather a sling
or other suitable aid should be us@dspring between the hook of the lifting tackle and the
sling facilitategpositioning the bearing when it is pushed onto a shaft.

For ease of liftinglarge beangs often have threaded hole in the ring faces into which the
eye bolts can be screwed. As the hole size is limited by the ring thickness, it is only
permissible to lift the bearing itself or the individual ring by the bolts. When mounting a
large housing over a bearing that is already in position on a shatft, it is advisable to provide
three pointsuspensions for the housing and for the length of one sling to be alju3taib
enables the housing bore to be exactly aligned with the bearing.

BEARING HOUSING

Bearing accommodate the bearing within it & also contain the lubricant within it. Also to
restrict the axial movement locating rings are mounted within it. For oil lubricated bearing
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housing is different than the grease lubricatedring housings. Bearings housings have
different types of seal according to the application like feltbenplabyrinth etc. Bearing
housing generally split type. Single piece dyfpousing is also used in some application.
Take up type bearing housing® arsed for djusting the equipment. Flanged housings are
find application.

Common grease lubricated bearing housings designated as SN/SNXMSNLOI
lubricated housings are designated as SOFN/XJ3KX.

Bearing housings are usually made of grey cast @ast steel housings are used in special
applications.

Some ball/roller bearings which are greased & eskabith housing ready to mount are
called bearing units.

7.7 Power Transmission and Power Drives

POWER is transmitted from the prime mover to a miae, from me machine to another,
or from one member of the machine to anothgrmeans of intermediate mechanisms
called drives.These intermediate mechanisms are necessary instead of directly coupling the
machine to the prime mover, due to fhkkowing reasons
1. Theoptimal speedsof the prime mover or that of the standard motors may be different
from thevelocities required to operate the machines. The prime mover s usuadly hav
higher angular velocities, while the operating members frequently rexjlarge torge
with relatively low velocities.

2. Thevelocity of the diven machine may have to be frequently changed or regulated,
whereas the speed of the prime mover shd@dkept constant for its use to the full
advantage.

3. In some cases, severahchines may have to be operated from only one prime mover.
4. Sometimes the athines ar@ot coupled directly to the prime mover shaft due

to the considerations of safety, convenience and maintenance.

MECHANICAL DRIVES :
1) by mode of power transmission:

Transmission by
a) friction and by b) mesh

a) Transmission bfriction may ke further classified as:
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1 With direct contact, e.qg. friction drive
1 With a flexible connection, e.g. beltides

b) Transmission byneshmay further be classified as:
1 With direct ontact, e.g. toothed and worm gears

1 With a flexible connection, e.g. chainks

The vdocity ratio in toothed wheel gearing is limited only by size of the drive and in belt
drive, by the minimum allowable arc of contact on the smaller pulley.

From straight shot conveying systems to hedwty power transmissiod belt and chain

drives are integral to their reliable opemation.

Aln todayds world there ar e omahetherdfusedelts r s
vs. chain drives. Many of these factors were not as important or not even considered just
few years ago. Speeds, accuracy, safety, environmental and even noise factors now take
high prominence in the modern decisimaking procesd along with the ageld factors

such as power, direction of rotation, how many axes are to be polmetkd drive device,

etc. Belts have improved a lot in recent years; seehehains and their method of
lubrication, we notice that belts are the preéd methodn most modern applications for
precision drives.

Belts are friction and can handle high speeds smoothly.

Speeds of 3,600 RPM are better suited for belt&lso, the fact that belts are a friction
technology means that in the event of an @aat] belts will slip and avoid system damage.

For applications in conveyor transmissions or to develoguirchains make better sense.
AConveyor s ardeundsrB880RPN dnthendever. Chains can be used with

a wide selection of sprocket ratios t@chieve thedesired speedThe demand for torque
gives chains an advantage due to mechanic
Chains are excellent for a range of speeds and loads, plus chain length is easy to adjust t
specifying the number ofriks required.

fiThe chain selection process is fairly straightforward Key things to know are
horsepower, RM, intensity of shock load, temperature and exposure to potential gerrosi
conditions.

Both belts and chains will produce some sort of contaminammgl theiroperation. Chains

have grease, oil, and metal particulates. Belts will shed material over time as well.

The primary differentiation between the two is imaintenance Chains require routine
lubrication and more frequent replacement. In wa@akin environments, the potential for
spread of grease and oil contamination is elevated and the mainteegouiements
skyrocket.

KEYS AND COUPLINGS:

Keys: The most common funicin of a key is to prevent relative rotation of a shaft
and the member to wWeh it is canected, such as the hub of a gear, pulley, disc, or crank.
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An extensive use of keys is largely due to their simple and dependable design, convenienc
of assembly and disassembly, low cost etc. In a design of key, shaft and pulley, key is mad
weaker so that when excess load appears key fails and it keep shaft & pulley safe.

The major disadvantagare:

Keyways not only make the effective cresection of the part small but also involve
considerable stress concentration. Failures of shaftsudies arevery often caused by high

local stresses arising in the area of keyway. One key cannot transmit large tdltpies.
greater accuracy required and complicated load conditions made the development of
SPLINES made integral with shaft.

Because theycan transmit greater loads at varying speeds and impact loads. But they have
uneven load distribution beeen the splines and they need special cutting and measuring
tools.

Couplings:

They are necessary to connect one shaft to another or to couple ssluait toa driven

shaft. Shaft couplings are used in machinery for several purposes:

Beyond the basic purpose of holding together two shafts, couplings accomplish the
following:

1 Reduction of shock loaddetween shafts.

1 Defense from overloadlf a systemis running too hot or too fast, a major
mechanical catastrophe could occur. Some couplings help préwenteed for
costly repairs by disconnecting or slipping when a certairel l@f torque is
surpassed.

T Shifting vibration of turning parts. Vibration iskey in indwstrial machinery; it is
like a heartbeat for the entire mechanical system. Some couplings can alter the
vibration output, thereby reducing the amount of repair required.

1 Mechanical flexibility and allowance for misalignment Couplings can fadtate
operations even when shaft misalignment and movement are present.

G couplings, also known as gear couplingsare a specific type afoupling ttat is often

used in hightorque, highhorsepower situations. A G coupling does not typically include a
grid, which is a kind of net that is sometimes located within a coupling system. Compared to
universal joints, gear couplings can typicallithstand more torque, while universal joints
cause lower vibrations. The basic structure of a G coupdirigga hubs with external and
internal teeth and a oner two-piece sleeve

Rigid couplings. These are perfect when misalignment is not an issue hed thrustdéads
are high.

Floating shaft assembliesThese allow shaft connections across long distances. For
instance, i f you have an engine that neec
no place to mount supports for the connecting skaftpating shaft assembly is a good
solution.
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Slide couplings.These are used in circumstances where saxisd movement is needed
and thermal shaft expansion must also be aceduot.

Shear pin couplings.These are ideal in systems that tend to ovdrlmabecomgammed.
When the pin inside the coupling breaks, the equipment can no longer run. This prevents
damage by stopping the system as soon as loads become dangerously high.

Disconnect couplingsThese are similar to shear pin couplings in that tay disconnect
quickly according to the situation at hand. Disconnect couplings may be used in both low
and highspeed applications.

These are only a few of the varieties of G glgs available today. One thing holds true
for all of these coupling systes: They wil last much longer with proper maintenance.

Split Muff Coupling Gear Coupling

W ol W

Fluid Coupling Universal Coupling Oldham Coupling Jaw Coupling Bellow Coupling

29

Flexible Coupling Constant Speed Coupling Diaphragm Coupling FLUDEX Coupling  Bushed Pin Type Coupling

UNIVERSAL JOINTS
A universal joint is a positive, mechanical connec Spider Yoke
between rotating shafts, which are usually not par
but intersecting. They are used to transmlit mc
power, or

The simplest and most common type is callec
Cardan joint or Hooke joint. It is shown kigure 1. It
consists of two yokes, one on each shaft, connec! giye 1 - single Universat Joint
a crossshape intermediate member called the spider.

The angle between the two shaftsafled theoperating angle

Yo k:a
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A basic characteristic of the Cardan joint is the nonuniformity of motion transmission
through the joint. The angukzelocity ratio between input and out put shafts varies
cyclically at two cycles per revolution of the inphiaét.

Oldham Coupling

Oldham couplings consist of three members. A floating member is trapped bypR@elis
grooves between the two outer members which connect to the daifte &t shown.

Oldham couplings can accommodate lateral shaft misaégtsrup to Q% of nominal shaft
diameters and up to 3 angular misalignments.

Lubrication is a problem but can in most applications be overcome by choosing a coupling
that uses a wear resistant plastic or an elastomer in place of steel or bronze floating
members.

Oldham couplings have the following advantages:

a. No velocity variation as with universal joints
b. High lateral misalignments possible

c. High torque capacity

d. Ease bdismantling

Disadvantages:

a. Limited angular displacement of shafts

b. Need for pendic lubrication due to relative sliding motion

c. Possible loss of loose members during disassembly

7.8  Technology of Repair of Steel Plant Equipments

All industrial equipments are subjected to wear and tear, stress, corrosion,iageidigg

mishandling and mabperation. Systematic care and attention is required not only to keep
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equipments in good working order but various technological methods are alsedatipt
increase the service life of equipments.

Engineering technologiesush as Machimg, Welding, Fabrication, Fitting & Assembly,
Forging, Casting, Heat treatment, Balancing etc. ar@tadofor both manufacturing and
repair of spares and equipments. In order to cater to these needs, Captive Engineering Sho
have been estabhed with all these facilities in our integrated steel plants.

The various facilities available with the engineering shops are :

Machine Shop:

Machining is an importamhethod of shaping metal parts and especially of finishing them to
close dimensions. Maaine Shop consists of light and heavy Machining Sections equipped
with lathes, planers, Horizontal andertical Boring machines, Gear cutting machines,
Slotting machines and Grinders for manufacturing and repair of equipment spares like
Shafts Liners, Gears, rolls etc.

Simple lathe tools and operations are schematically shown below:

’\I’ A "\
\-/l\- ( W | i
Turning Left Threading
tool hand tool
) i turning ;
Porting Right hand Radius Chamfer
tool turning tool tool tool

Fig. Lathe operation

ROUGHING

EXTEAMAL PARTI WG

LEFT CUT

a4

FINIZHING

FACING NC“SE

RIGHT CUT

AT

SiDE
FACING

FINIZHING ROUSHING

HHURLING

TAPERING

THREADING

\Erlaﬂ

FACING

F

THREADING
TOL

FARTIMO
To-0L

CUTOFF  nignt wCFT
BR euT

TURYED

cuT CUTTING

TOOL TodR | o

AUUND

F
RIGHT  LEFT Ny

CuUT
SIDE
FaCING
Tl

cuT
Ll |

FACING
ThoL

HIECK MG RADIYE
oA FEYEL

GROOYING

INTEANAL
THRERDING

THRFAQI NG
h--1%

‘,\FDFIH f

SOUARE Tl

.g:‘E FHUALING
ToDL
END

CLUTTINA
TQGI,

145



Balancing

Unbalancein a rotor is the result of an uneven distribution of massiwbtauses the rotor

to vibrate. The vibration is produced by the inte@cttof an unblanced mass component

with the radial acceleration due to rotation, which together generate a cetfiuce.

Since the mass component rotates, the force also rotates and tries to move the rotor alor
the line of action of the force. Thebvation will be transmitted to the rotor's bearings, and
any point on the bearing will experience this force once per revolution.

Balancingis the process of attempting to imprdte mass distribution of a rotor, so that it
rotates in its bearings withbuncompensat centrifugal forces. This is usually done by
adding compensating masses to the rotor at prescribatidos. It can be also be done by
removing fixed quantities of material, for example by drilling.
Forging Shop:
Forging is a manufactung process of shaping metal through hammering, pressing or
rolling. Forging can be categorized according to temperature at which it is performed.
Basically there are two types afrfjing:

a) Cold forging b) hot forging.

Welding / Fabrication Shop:

Weldingis a materiks joining process by using high heat that melts the parts together and
allow them to cool causing fumi. A filler material is added to the joint to form a pool of
molten material that cools to form a joint. This is a highly versatile pracess for day to
day and regular repair of plant equipments. The main Welding processes are :
a) Oxyfuel Gas welding Use the heat produced by a gas flame for melting the
base metalrad if used, the filler metal. Pressure may or may not be applied.

b) Arc Welding i A fusion welding process wherein union of work piece is
produced by melting the surfaces to be joined witthtkeg energy obtained from
an A.C. or D.C source.

c) Resistance Welding A group welding process, which produces union of metals
with heat obtaned from resistance offered by the work to the flow of electrical
current through the parts being joined.

TYPES OF WELD JOINTS

There are five basic types of joints for bringingotpwarts together for joining.
The five joint types are not limited to wetdj; they appt to other joining and
fastening techniques as well.

(a) Butt joint . In this joint type, the parts li@ the same plane and are joined at
their edges.
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(b) Corner joint. The parts in a corner joint form a right angle and are joined at
the correr of the angle.

(c) Lap joint. This joint consists of two overlapping parts.

(d) Tee joint. In a tee joint, one part is perpendicular to the other in the
approximate shape oftheet t er 66 T. 66

(e) Edge joint. The parts in an edge joint are parallelhwatt least oa of their

edges in common, and the joint is made at the common edge(s).

<

BUTT JOINT

CORNER JOINT

L.EhF' JOINT
EDGE JOINT

TEE JOINT

welded joints
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Some Different Edge Shapes and
Symbols for Edge Joints

LN~/ \—

Bevel-Groove Square-Groove U-Groove

Fabrication Shop

Welding, forming and fitting are the three basic processes used mainly for fabrication of
metal structures / equipments. This is very importantdprir /manufacture of steel plant
equipments and structures. Fabrication Shop is generally equipped with Profile cutting
machines, Plate Bending machines, Shears, Welding madfidéferent types, Hydraulic
presses, facilities for heating & Materialit#ing etc.

Fitting & Assembly Shop Fitting & Assembly is an important ingredient of a Repair

shop activity. Small and big equipments need overhauling and repair after rendering

long service.

Huge repair shops under different units of SAIL cater to swdds which are equipped
with material handling facilities, Hydraulic Press, Heating arrangement, Portable machines,
besides necessary tools and tackles and trained manpower.

Besides the above facilitiebleat Treatment section,Hydraulics and Pneumaticssection,

Gears and gearbox repairsection,Tool room facility, Instrument Section Inspection,
Chains and Sling Testing sections, etc. have their importance in the Engineering shops of
our steel plants.

Inspection & Measuring Instruments :

Inspections an important wing of Engg. Shops where Measuring Instruments play vital role
in determining dimensional accuracy of spare parts repaired / manufactured not only in
these units bualso in all maintenance units across the steel plant.
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Some of the commdyused measing instruments are :
- Measuring tapes of different lengths,

- Scales,
- Callipers (for inside & outskilsizes),

- Slide/Vernier callipers for measuring length, inside & outside diameter,
depth),

- Micrometers (for measuring outside & inside diaens),
- Dial gauges (for outside & inside diameters),
- Gear tooth verniers for measuring gear tooth vital dimensions,

etc.

Foundry & Pattern Shop :
The $hop produces ingot moulds and bottom plates vitally required for Steehlyl8hops.
They also produce Iron castings, Steel castings andf&loous castings to meet regular
requirements ofpares for steel plant.
In addition to Engineering Shops, departments like Crane MaintenanceHeavy
Maintenance Engineering, Design, Fieldachinery Maintenance, Loco Repair Shop
Electrical Repair Shopome within the ambit of Maintenance Organisation.
TECHNOECONOMICS
Maintenance costs:
Production unit of anymagnitude cannot afford undesirable downtime. The concept of
maintenance &ts deals wit two aspects:

1 Costs actually related with maintenance activities.

2 Costs related with downtime of praction units.

In maintenance activities, consumable products used in carrying out maintenance have

direct impact on costs. Labor costs ilwed in carrying out maintenance related works viz

repair; reclaimations, erection, testing, inspection etc. have a direct or indirect impact on

maintenance costs. The aim of maiaece crew is to:

1 Control maintenance cost by salvaging, generating inenepares, pger assembly &
in house repairs and reduction of downtime of equipments.

1 To ensure implementation ofgwentive maintenance, planned maintenance, shut down
maintenance, modification & design maintenance to achieve maximum equipment
availability.

91 Daily planning of maintenance jobs, prioritizi8gexecution.

1 Periodic maintenance of routine, preventive maintenance activities including condition
based maintenance.
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7.9 Availability and Reliability of Equipments

Availability is a key performance imchtor, which indicates the effectiveness of
mai ntenance in a worKk. Av ai | ABIr APERAYING: a n
TIME O tNBT AVAILABILITY TIME 0 .

1 Net operating time= net available timeplanned downtime

1 Net available time= total timglamed downtime

Few other important aspects to take care are:

Mean time between failurdMTBF)

Mean down timéMDT)

IN THIS WAY WE DEFINE AVAILABILITY AS RATIO OF

MTBF to MTBF+MDT

Thedown time in a plant comprises of:

Reporting time, inspection time, toohéd man powemrrangement, troubleshooting time,
logistics time, actual repair time, spares procurement time, tesinme, handing over time
etc. SODOWNTIME SOLELY DOESNOT DEPEND UPON SKILL OF WORKERS OR
SEVERITY OF DEFECTS.

RELIABILITY stands for trat.

Reliability is the probability, that a machine when operated under a given condition, will
produce the desired output for given period of time.

A high reliable machine may havess availability; again a highly available machine may
have less reliabily and high naintainability. MAINTAINABILITY i s basicall
degree of ease in maintenance?o.

Total Quality Management (TQM) in Maintenance Organization:

Total quality management (TQM) is the continual process of detecting and reducing or
eliminating erros in manufacturing, streamlinirsypply chain managememmproving the
customer experience, and ensuring that employaes up to speed with training.
Total quality managemeratims to hold all parties involved in the production process
accountable for the overall quality of the final product orserdice.i ng busi ness
Global market calls for reduction in prodiact cost with improvement on quality. Quality
means fAFitness for useodo or fAConformati on
characteristics of a product or servigéith the ongoing competition in the global scenario

it has become imperagvto producequality. Quality of Maintenance, like the quality of
product must be designed and built into the systemmcess or methods of maintenance.
Total quality of maintenance depends upon wleligned plans, systems and procedures,
use of propertools and test equipment, adoption of correct technical practices and the
creation of conducive environment for good maintenance.

Achievement of consistent quality output over aqueof time should be the main objective

of the Maintenance function. Ke@g this in mnd, many of SAIL steel plants have adopted
ISO-9001:2000,the Quality Hallmarkof International scenauiinto their maintenance
organizations.
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710 Dobés And Dondéts & Safety

DOS

1) Monitor oil contamination level regularly.

2) Oil tank tempeature should be kept within specified limit to maintain desired viscosity
and prevent damage of oil seals.

3) Be careful while opening pumps or valves, cylinders containing comprggsed.

4) Keep fire extinguishers, sand, water nearby place of cuttglding hydraulic fpes.

5) Before starting hydraulic pumps ensure opening of suction line valve.

6) Periodically clean waterlfers provided in inlet line of heat exchangers.

7) Keep away from repaired pipe line flanged joints at the time of testing.

8) Always Depressurz a pressure line in steam/water/hydraulic/gas system before
opening.

9) Use gas mask/ other safety appliances while working on coke oven gas pipe
line/valves.

10) Always take electrical mutdown of electrically operated equipments before start of
maintenance job

DONGT'S

1. Never take up maintenance work in running equipments.

2. Never open hydraulic pipe connections without dspurizing the pipeline or
component to be removed.

3. Never fill oxygen in place of Nitrogen in pressure vessels such as hydro gas

accumulatos.

Never touch pump coupling without proper electrical shut down.

Never use cotton waste in hydraulic component or pipe line repair job.

Never plug drain line of pump or valve.

Neve allow welder to do welding job with wet hand or with wet hand gloves

Neve apply sangaper to clean spool of hydraulic valves. Lapping paste can be used

to clean rusts in spools.

9. Never goalone in gas prone area/conveyor belt area./ tunnels .

© N g bh

SAFETY

Whenever system troublhooting/maintenance is carried out; safety utthobe the
foremost consideration. So, it is better to have a systematic shutdown procedure like one
given below

1. Take proper shutdown of equipments.

2. Lower or mechanically securespended load.

3. Depressurize the pressure line.

4. Where ever necessary stopwesd should belosed.
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Isolate the electrical control system.

Drain out accumulator unit.

Discharge both ends of imtsifier.

Always check and record condition of rope ladder before use.

. Always use tested tools and tackles.

10 Always balance load on either sidf rope during rope changing in cranes.
11.Use CO monitor in gas areas.

12.Use safety belts while working in height.

© o No O
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Chapter- 8

HYDRAULICS

8.1 Introduction

Since ancient timedyydraulics (water wheel, wind mills, Archimedes screw) were in wide
use. Bt in those dys due to lack of sealing materials, precision machining facilities,
efficient working medium, the pgress was zero. Nowadays it is widely used in machine
tools, mobile cranes, earth moving equipments, industrial equipments, special purpose
machines, hospital equipment, marine, space, aviation, robotics etc. In one word one cannc
think of new equipment without the use of hydraulics.

The principles of operation of pnmatics, and hydraulics are almost same. Pneumatics can
do same job with lessefficiency,less accuracy, less reliability due to compressibility, water
condensation, noise and dust pollutitnad capacities are also less due to low pressures
involved. Hence hydraulics is slowly replacing pneumatics.

Fluid is one of the most veasile means of transmitting power and modifying motions.

BASICS OF HYDRAULICS

The science which deals with flow of fluids (under pressure) is called Hydraulics. This is
divided irto (a) Hydrodynamics study of fluids in motion (b)Hydrostatics study addlat

rest Hydrodynamic machines converts the Kinetic Energy of the fluid into mechanical
energy like in water wéel , water turbine etc. In Hydrostatics (generally called as
hydraulics is a misnomer) machine converts the pressure energy of thetbundeichanical
energy (Flow velocities are negligible)

NEW ERA DEFINITION :- Transmission & control of forces & movements by means of
fluids is called hydraulics.

Fluids under prssure can be used for Power Transmission. Fluids means gases (air) anc
liquids (oil or water etc). The system which uses air as working medium is called
pneumatics and which uses oil/water called Hydraulic system. Fluid Power/ Oil
Hydraulics/ Industrial Hydraulics/ Hydraulic Power Transmission are all same subjects.
Velocity of the fluid is the average speed of its fluid particles past a given point, measured
in meters/second. Velocity is an important consideration in sizing the hydraulic lines that
cary the fluid between components. Low velocities are desirable to redatenfal losse

and turbulence.
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Laminar Flow: If fluid particles are moving parallel to the flow path, then it ifeca
laminar flow. It is always desirable to have laminar flow, so that energy losses are
minimum.

Turbulent flow :- If the path of fluid paicles is haphazard and not parallel to the flow path
then it is called as turbulent flow. This is not desirable and to be avoided at the design
stage. Lot of energy will be wastad heat in this type of flow.

Flow rate is the measure of volume of liglipassing trough a given point in unit time.
Generally measured in Ipm or gpm. Flow rate determines the speed attimtor and
therefore is important for consideration of power.

Pressure Force is the effort required to do the work. Pressure mearesdaerted per unit
area, generally measured in psi, or kg/sq cm, or bars*.

Atmospheric Pressure

At sea level the whole column of atmospheric air exerts a weight or force gddishds for
every square inch i.e. a pressure of 14.7psi or 1.03kg/sdei.isI calledatmospheric
pressure.

1 Atmospheric Pressure = 1.03 Kg/sqcm =14.7 psi = | Bar

Flow & Pressure are inteelated. Flow is responsible for causing the motion of piston in a
cylinder. It is the movement of hydraulic fluid caused by a differengpressure at two
points. When we open the kitchen tap the pressure difference (between the water tank
height and tap) pushes the water out, or causes the water to flowwydinaalic system flow

is usually produced by the action of the hydraulimpulf the pessure is not sufficient to
take the load on the cylinder, it will not move.

GENERAL POINTS

1. Oil is most commonly used hydraulic fluid, because it acts as lubricant for all
moving parts of hydraulic system.

2. Generally the weight of hyd. Oil sround 5558 pounds/cubic feet. One foot of oil
causes a pressure of 0.4 psi. A 10 m column of water causes a pressure of 1 kg/s
cm.

3. There must be a pressure drop across an @f@istriction to cause flow. If there is

no flow, there is no pressure drapd vice vesa.

Force exerted by a cylinder is dependent on pressure of oil supplied & piston area

Speed of the dinder is dependent on piston area and the rate of fluid flow into it.

Fluid velocity through a pipe varies inversely to the square ofardimmeter.

Friction in pipes results in pressure drop

Air is compressible, where as oil is incompressible practically.

Pump only transfers the fluid. It is the resistance to fletich develops pressure.

10.1t is the atmospheric pressure which is resgdador pushng of oil from tank to the
suction chamber of the pump.

© N O A
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Pascal 6s Law
PRESSURE APPLIED ON A CONFINEFLUID IS TRANSMITTED UNDIMINISHED

IN ALL DIRECTIONS AND ACTS WITH EQUAL FORCE ON EQUAL AREAS AND

AT RIGHT ANGLES TO THEM (If a force F is applied on a piston of area A, (over a
confined fluid ) then it gives a pressure P = F/A. This pressure will be uniform in the entire
confined fluid at rest. l F

P = F |/
ADVANTAGES OF HYDRAULIC SYTEMS

Due to limitations of other power ansmission sstem such as electrical, electro
mechanical and pneumatic etc. hydraulic power transmission is pdefdraege forces can

be transmitted to long distances with high pressure stability and quick response. There ar
multiple application possilities which is suitable for use where large forces with infinitely
variable speeds are to be applied in given directions. Hydraulic equipments give smooth
operation for longer paxd with very less maintenance cost. Normally oil contamination
control andeakage combl may give long life to hydraulic components.

Other advantages of hydraulic system are:

1. Highly compact- Power to weight ratio is very high. A hydraulic motor weighs about
1/7 th of an electric motor of same power

2. Precise control dependig on different requirements we can get exact speed, force and
position of user,

3. Over load protection- in case there is over load in pipe line or by the user, there is
provision of elief valve set at a certain maximum pressure to take care of it,

4. Suspensio of load for long period- by providing a pilot operated naeturn valve in
pipeline, load may be suspended fdorager period,

5. Flexibility in design- As per needs of production, scheme of hydraulic circuit may be
changed easily only with addition ofew components,

6. Easy maintenance its maintenance is easy. Only oil contamination control will fulfill
major portion of maintenance work. For this monitoring of set parameters and
inspections of pipe lines, religiously is necessary

155



7. Variable Speed Controls - We can geinfinitely variable speeds and positions as per
need of users.

8. Stalling of loads- The loads can bealled to zero speed without any damage to the
equipments

8.2  Components of Hydraulic System and their Functions

RESERVOIR: The tank whib stores the working medium (oil) and supplies to pump and
also takes back the return and drains oil in a hydraulic system and protects the medium fron
external contamination is ¢atl Reservoir. It also allows the oil to cool through its walls
and allowscontaminantdo settle and air to separate. Generally in many cases it houses
cooler, return filters, air breatheg device which allows air to move in and out of a
container to maintain atmospheric pressure), level indicator, level switches (flodtes)itc

It is also provided with drain plugs to drain oil, manhole (for maintenance and cleaning
purpose), baffle plates which allow the return oil to settle and cool before gntiegin
pump through suction line.

SUCTION LINE : The pipe line connectingrik to pump geerally with a shut off valve in
between is called suction line. Without opening this valve, pump dghwatl be started.
Generally a hose or rubber bellows is provided in this line to isolate the vibrations of the

pump.

PUMP: The element wiih transfers oil/fluid from one point to another point or which
gives flow is called pump. Pump only gives flow, but the resistance to flow develops
pressure. In hydraulics only ptige displacement pumps are used. In these pumps there is
positive sealindgpetween suain and delivery. For every revolution of pump, a fixed amount

of oil is transferred from suction to ldeery irrespective of load conditions. Practically there
will be minor internal leakages which are negligible. This fixed amount of oifieared is
called Displacement of pump. The displacement when multiplied by speed of the electric
motor driving the pump, gives Discharge of the pump (flow of the pump)

Centrifugd pumps (non positive displacement type) are not used in hydraulic systems.
this if delivery is closed, pressure will not build up beyond a particular limit. Safety valve is
not required.Most commonly used positive displacement pumps used in hydraulics are
Gear, piston and vane types are popular. A positive displacement ghoufd never be
started without opening the suction valve. There should be sufficient oil level in tank so that
air does not enter the pump. If air enters the pump, it will run kvgh noise and it will be
damaged very soon. This is called aeration. nEtheugh suitient oil is there, aeration can
occur due to any loose pipe joints in suction line. Pump is alwé#ysveal by a relief valve
(safety valve), pressure gauge, check valve and shut off valve ( These are required fo
pressure setting and isafad).
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CHECK VALVE/NON -RETURN VALV E: It is a valve which allows flow in one
direction only. Generally provided after the pump in most of the cases to take care of
reverse rot@on of pump. It is also used in many places of the circuit as a bypas3hettk
valveand norreturn valve are same.

PRESSURE GAUGE It is provided to know the pressure and for sgttof various
valves, pressure switches.

SAFETY VALVE/ RELIEF VAL VE: Both are same and it is the most important
component of Hydraulicystem. It limits the maximum pressure in the system so that
elements, hoses, cylinders, pipes etc does not burst due to high pressure. | t also protects t
equipment and system froover loading. When the system pressure increases beyond the
set point, tie safety vale opens and relieves the excess oil to tank.




ACCUMULATOR : It is a reservoir of pressurized hydrauluid i.e. storage of energy by
means of spring or compressed nitrogen, dead weight. It is basically a pressure vessel. N
welding is albwed on this. 1. Bladder type (most commonly used) 2.Piston type 3.Dead
weight type 4. Direct gas loaded type.

Nitrogen is generally used in accumulators but never use oxygen ragyitresult in
explosion. You should never open a pressure line with adetonun line Always isolate/

4 —charging valve

[~

gas charging point

fascap

pressure wessal

ladder «— body

L piston diaphram
K

valve poppet

pOppet

spring hydraulic cap

oil port - fluid connectier

Accumulator is used Jafor smooth functioning of HS without pressure and flow
fluctuations (b) as an emergency power source for essential operations in caseof p
failure. (c) for holding pressure for long times in a circuit (d) a big pump can be replaced by
a small pump ( cost & energy saving) and many other purposes.

DIRECTION CONRTO L VALVES : Distributor/Master valve / DC valve are all same. If

a pump supj¢s oil diredly to a cylinder, it is not possible or convenient to control the load

or to change the direction ofation. Hence a dc valve is provided in between pump and the
load cylinder to stop/start /reverse the motion of the load. DC valve cartietent by a

lever, cam, solenoid, pedal, pneumatic/hydraulic pressure depending on the design an
requirement. Most commonly used are solenoid operated and they are having é&o/ thr
positions. If you are using a two position valve you cannot stop thedeylin betveen

.There are many varieties of dc valves.

FLOW CONTROL VALVES : To control the speed of the adina/load, the amount of

oil flowing into the cylinder is controlled by means of these valves. Generally these are
provided before the cylder or in branch circuits where flow is to be controlled. Simple
needle/globe valve can also be used as flow control valve in some cases.
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SEQUENCE VALVE: In a simple punching neaine, the job is held in position by a
clamping cylinder at low pressuradthen a h@ is punched by another cylinder at a high
pressure. Now these two cylinders are always to be operatksinite sequence only. This
sequence can be achieved by electrical/mechanical or by hydraulic means through a valv
called sequence vav Hydraulic sequencing is most common and versatile. A dc valve
supplies oil to cylindefl and through a sequence valve to cylin@er(After cylinder-1 is
operated completelypressure will buildup and then sequence valve gets opened and oil
goes to lhe cylinder-2 at a higher pressure. The sequence valve is tuned and set to achieve
the sequence). It is almost slarito a safety valve but not same.

Chucking

0

PRESSURE REDUCING VALVE: In some HS many cylinders are working at different
pressures ,but a few layders does not require full pressure and can work at a lower
pressure .Then all these selected cylinders are supplied oil at a lower pressure through
valve known as presseireducing valve. In pressure reducing valve, the output pressure
cannot @ beyond a pdicular limit. This setting will be lower than the safety valve setting.
Pressure Relief valve andeBsure Reducmg valve are not same and never get confused.

N

FILTERS: All hydraulic elements work under close tolerances and they arisipreitems

with mirror surface finish .Contaminants and dust are the single largest enemy of the HS a:
they cause malfunctioning and jamming of valves and fast wear out oferdgle The
contaminants are internally generated in the system and sonextareal tothe system.
Working medium is to be regularly cleaned from these contaminants. Hence oll filters are
used in suction line, pressure line and return line and before an important precision
valve/pump as per the need. This will improve the paréorce of the system. The coarse
filter used in suction line of pump sometimes is called STRAINER .Hydraulic systems are
most reliable, if the contamination is kept under contmod breakdowns can be minimized.
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Location of filter in hydraulic system

Mounted retum line filter
Filler and breather
Suction line filter
Hydraulic pump

Cooler

Hydraulic pump

High pressure filter
Bypass filter

@ Negative pressure switch

Bypass filtration

Main flow filtration
Control

CONOORLRWN=

In a filter the hydraulic oil is allowed to pass through a porous medium (like clay, paper,
wire mesh, synthet fiber etc) so that the dust particles and other contaminants are retained
and only clean oil goes ahead into the system.

Offline filtration (mostly portable) systems are also used for up keeping the system
depending on the criticality. Electrostatic Liquid cleaners are also used nowadays. These ar
very simple to op&ate and cheap.Generally filter are provided with parallel byepass check
valves to tak care of clogging temporarily.

PRESSURE SWITCH: The hydraulic oil under pressure pushes a small plundpich in

turn makes/breaks an electrical contact. These are provided in the system for safety an
efficient operation or for achieving @articular logic sequence. Contact Manometer is a
pressure gauge with electrical contacts, which does almost the same job, but they are les
reliable and less robust.
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LEVEL SWI TCHES: Generally the reservoir is provided with low level and high level
float switchesso that they give alarm of low oil level/ high level and can be used for
interlocking purpose. Floatdtch operates due to buoyancy in oil. Generally the low level
switch is interlocked with the drive of pump, so that when there is no eitalany reason,
the pump will trip or will not allow the pump to start.

'i 2 g o [

FILTERING -CUM-COOLING CIRCUIT: In hydraulics, more than 80% of problans
are due to contaminated fluid. Thus, it is important to keep system fluid very
clean. Particubte contenination and water contanination in hydraulic fluids can have
serious adverseffects on the fluids' physicaland chamical properties. Oilgets heated
during operaton of systens. As a reallt, the oil needsto be cooled to retin its
viscosity. Heat load for the cooleris consideredas 40%(maximum) and25% (minimum) of
the kW rating of all the running main pumps. Capacityof heat exchangers are usually
expressd in Kca/hour (1kW= 860 Kcal/hour).

For the above reasons it isquired to hee a cooling cum filtering system which is
nothing but a combination of pump, heat exchanger and ltee dis a secondary system
which runs parallel to the main system.Filters have already been discussed and in this pal
we will learn a bit hout the heat exchangers
HEAT EXCHANGER: Heat exchanger is the device which takes away heat from one fluid
(fluid to be cooled) and in that process heating up the cooling fluid. dm be of many
types

1. Based on working principlea.) Recuperative Heat Hxanger
b.) Regenerative Heat Exchanger
c.) Evaporative Heat Exchanger
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2. Based on construction a.) Shell & tubetype
b.) Platetype
i.) Brazed type

ii.) Gasketted type In generalthe tube in
shell type heat exchangers and plate type heat exchangersoate
commonlyused

R
-ﬂi! IE wl ]
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In shell and tube type heat exchangers the cooling fluid flows in the bunch of tubes placed
in side the shell while thiuid to be cooled flows, in a reverse direction, in the shell, in the
leftover gaps between the tubes.

In the plate type heat exchangers the two fluids flow in the oppositetidiren the
honecomb shaped recess between the plates which can eidegedated bipprazed plates
or by gasketed joints

ACTUATORS: Generally the hydraulic cylinders and hydraulic moteie called
actuators. These actuators do the actual job of lifting/lowering/pushing/rotating /holding etc.
Hydraulic motor replaces many djgations of electric motors due to many advantages like
speed control, over load protection etc. Hydraulic motors are almost similar to pumps.
When these are supplied oil at prass they will give rotary output. Generally gear/vane
/piston motors ara use.

Gererally two types of Hydraulic cylinders are commonly used viz, a) Double acting
cylinders, which can based for pulling and pushing ,consists of piston , piston rod, body ,
covers, seals and fasteners, eye . Basically a sealed pistoroaviteciprocates inside a
cylindrical body under the pressure of oil. B) Single acting cylinder. These types can only
push/lift a load. The single acting cylinder cannot retracttdugydraulic force. It retracts

due to weight/spring/ load. Hydraulic jachkre generbl single acting type.
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PISTON U-SEAL
PISTON WEAR RING
PISTON U-SEAL

ROD WEARRING
o UVS:?JLD WIPER
SEALS: The component which prevents the motion of the fluid in the uregkdirection is
called seal/packing. Can also be defined as that component that separates two fluids. Th
functions of the seal are a) toas¢he hydraulic fluid in a closed chamber , b) Maintains
pressure , c)stops dirt/water/contamination from entering the system d) separates twc
fluids, e) performs any combinatiaf the above functions. In simple terms a seal stops
internal or externaleakages. Cdsof the seal is a small fraction, but determines the
efficiency of the system.
Problems associated thiseals: Wastage of fluid leaked, fire hazards, slippery floor, makes
equipment and products dirty, environment pollution, depleting alatesources.

Leather, cork, ropes are the oldest seals, which are widely used in the earlier days. Thel
natural rubbers, synthetic rubber (ELASTOMERS), PTFE, Polyurethane, PCavieatised
nowadays. Seals should be handled delicately, and sharp toold sbbbe usd.

PIPES, FITTINGS, CLAMPS: Generally pickled, flushed seamless pipes are used in
hydraulic systemsFor maintenance convenience and ease of laying, pipe joints are
provided at suitable places. For small pipes union joints are used amdjén pipes flange

joints are used. There is large variety of pipe joints of different standards and designs are
available. Care should be taken that different fittings do not getdnip. Also while doing
maintenance on fittings thread type/seat desiga/sic shouldbe matched. Otherwise lot of
problems will result. Pipes should be properly clamped and supportetwite the joints

get loosened during working due to vibrations. Pipe clamps are made of wood/ aluminium/
synthetic materials. Wooden clammre to be avoided due to environment protection.
Aluminium clamps are used where high temperatures are there. Synthetic clamps are
commonly used nowadays. While laying hose pifies layout should be smooth, and they
should not crisscross/twist/entaagind rub edcother.
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WORKING MEDIUM

Hydraulic power system may be operated with fluids produced fromalitfase fluids:
1) Mineral oil. 2) Vegetable oil. 3) Synthetic oil. 4)Water

Mineral oil - Most hydraulic systems use hydraulic fluid basednaneral oil. Since base
oils do not have all the characteristics which a high performance hydraulic fluid should
have, different types of additives are dissolved in base oil to improve the properties

Vegetable oil- These fluids are biodegradable andase being usd more frequently in
installations that are subjected to strict antipollution regulations. (foodgmiagandustry)

Synthetic oil -These fluids are most commonly used in systems where there are special
demands on hydraulic fluid such asfhazardous zones (furnace area)

Water - Pure water is seldom used as the fluid in hydraulic system. It can be used as
emulsion adding oil in it or adding water to oil.

Following are the important properties which hydraulic fluid should possess:

a) Oxidation Stability b) Protection from Corrosion c) Anti Wear d) Viscosity &Viscosity
Index, (viscosity index should begh so that viscosity variation with temperature will
be less) ( e) Demulsibility (ability to resist formation of emulsion when mixed with
water) f) Anti Foaming Characteristics, g) Thermal and high pressure stability, h)
Good Lubricant, i) Compatible with Seals and Hoses, and Metals, j) High Flash Point
(the minimum temperature at which oil just takes fire and do not burn continuously) &
Fire points the minimum temperature at which oil catches fire and burns continuously).
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8.3 Block Diagram of Hydraulic System
Every hydraulic system can be traced back to a common basic circuit containing only the
main function as under

Hydraulic Cylinders /
Hydraulic Motors
User
e Pressure Control Valves
Distributor / Flow Control Valves
Controller
< Direction Control Valves
Pressure Relief Valve
N
Energy Source Hydraulic Pump

SIMPLE HYDRAULIC CIRCUIT (OPEN CIRCUIT) (See the Fig Below)

Here we have a hydraulic system in its most simple form. A pump 1 with fixed flow sucks
fluid from a tank 2 and feeds it into the system catee to it. h zero position of the
manually operated direction control valve the hydraflilied, circulates almostvithout
pressure from the pump to the tank 2. The dc valve is spring centered. When the dc valve -
is operated into its left switching ptien, (parallel arrows) fluid reaches the piston chamber

of cylinder 5. The piston rod travels outwards. The speed of the outward travel depends or
the pump flow and the cylinder size (piston area). The force available at the piston rod is
dependent on thpiston areand the maximum system pressure. The maximum system
pressure and thus the laag of the hydraulic syem is set at the pressure relief valve 3.
The actual pressure available, determined by the resistance to be overcome at the user, c
be ead at the pressure gauge 6.
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Generally pump is
always followed bya
Relief valve and then

® M TN/ a NON RETURN
=L VALVE (CHECK
VALVE).
® e __5® ® This is a typical
j_, - | circuit where check

valve is not required.
Svmhol of check

el

SIMPLE HYDRAULIC CIRCUIT (CLOSED CIRCUIT) (See the Fig Below)
Normally the closed circuit hydraulic system is used in the places where continuous
operation of the hydro motor is there

®

,_._q.._.._._.__.f.___._.j

&
i
l
.
|
|
i
|
|
i
$

In the closed hydraulic the cdifter rotahg t he hydr o motor does
instead it g o0 edion tine aghirm én tlsppuoogssdtke same oil is only
circulating. To take care of the mixing of cool and fresh oil from the tank a booster pump is
installed whi@ is normally in tandem with the main pump. It mixes the oil from the tank to
the circuit through a flushing valve.

8.4  Application of Hydraulic Systems n Steel Plats

There are various applications of Hydraulics in Steel Plants. Some of the important
applications ae:

1. Roll Balancing and Spindle Balancing, Hydraulic Manipulators, Slab EatsadValking

Beam Furnees for Heating of Slabs and Blooms, Automatic Gauge Control for controlling
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thickness of plates/sheets, Rail Welding Machine, Roll Assemlaichine etc in Rolling
Mills

. Electrode Movement Control in Electric Arc Furnaces (VAD, Ladle Furnace)

. Mobile Cranes and Earth Moving Equipment

. Coke Oven Pusher Cars, Door Extractors and Charging Cars

. Blast Furnace BLT Equipments, Mud gimilling Machine

. Stacker cum Reclamers in Ore Handling Plants

. L&T Mechanism, Segmentdosing/ opening, Pinchg Actions in CCS

. Hydraulic Presses and Various Machine Tools etc.

0O ~NO Ol bk WNN

85 Dodés and Dontdés, & Safety
DO6 S

11) Monitor oil contamination keel regularly.

1) Oil tank temperature should be kept within limit to maintain desired viscosity and
prevent damage of oil seals.

2) Be careful while opening pumps or valves, cylinders containing compressed spring.

3) Keep fire extinguishers, sand, water at arlmgalace ofcuttingwelding hydraulic
pipes.

4) Before starting of any hydraulic pump firsing after repairs/new itelation, ensure
oil is filled in pump and suction valve is also opened.(otherwise pump will be
damaged)

5) Periodically clean water fillersrpvided in inlet line of heat exchangers.
6) Keep away from repaired pipe line flanged joints, union joints at the time of testing.

DONO ¥

1. Never take up maintenance work in running equipments.

2. Never open hydraulic pipe connections without depressurizingpipeline or
component to be removed.

3. Never fill oxygen/ air in place of Nitrogen in pressuressels such as hydliau
accumulators.

4. Never touch pump coupling without proper electrical shut down.

Never use cotton waste in hydraulic component or pipedipair job.

6. Never plug drain line of pump or drain line of any valve.

o

SAFETY
Whenever system troubihooting/maintenance is carried out; safety should be the

foremost consideration. So, it is better to have a systematic shutdown procedure like one
given below:
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a) Lower or mechanically secure suspended load.
b) Depressurize the pressure line.

c) Where ever necessary stoglves should be closed.
d) Isolate the electrical control system.

e) Drain out accumulator unit.

f) Discharge both ends of intensifier.

g) Keep fire extinguishers, sand buckets, water buckets, near the place of
cutting/ welding of hydraulic pipes

h) If hydraulic oil falls into eye, thoroughly wash with water.

i) If high pressure hydraulic oil penetrates into blood through skin, it is
harmfull.

Hence never expasyourself directly to high pressure jets/leakages.
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Chapteri 9
Electrical and Electronics

9.1 Basic Electrical Engineering
Electric Circuits
An electrical circuit is an inteconnection of electrical elements.

Current (Alternating and Direct)

In a conductor, a large number of electrons are mobile or free electrons, moving about
randomly due to thermal energy. When a conductor, e.g., a metal wire, is connected acros
the two terminals of a voltage source such as a battery, the soaces pin eledt field

across the conductor. The moment voltage is applied, the free eteofrthe conductor are
forced to drift toward the positive terminal under the influence of this field. The free
electron is therefore the current carrier in adgpsolid conductor.

The current can be calculated with the following equation:

| = Q/t where, Q is the electric charge in coulombs (ampere seconds) and t is the time
in seconds. The unit of current is Ampere (A).

An alternating current (AC) is an electricalcurrent whose magnitude and direction vary
cyclically but in case oflirect current (DC) the directionof the current remains constant.
The AC system is widely used to supply electricicity in domestic and industrial application
as it is cheagr in comparison to DC systefC system is used for crane, hoist etc. where
high starting torque is required amdcontrol and protection system where reliability is of
utmost importance, either through AG&DC converters (like diodes, thyristors etor)as a
backup source through batteries. High Voltage DC system is used for bulk tramsnoési
power to minimizeransmission loss.

The usual waveform of an AC power circuit is a sine wave. For example, the voltage in an
AC circuit can be represented the following equation:

V{EH=VmaxSi n ¥t

where,V naxis the amplitude or

i nstantaneous val ue, a

) —+—+——F— ar
0* 90° 180" 270° ?JEEIc' deqrees

0 an S'?I I 2m radiang

current or voltage

The sinusoidal waveform repeats itself after T sec
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where T is the time period of the sinusoid.

As can be seen from the above waveform,

¥yT = R °'=o02 " [ «¥.

The rate of repetition of the sinusoid function is calledréquency, f, where

f=1/T orf = ¥y [/ 27 2f or ,

Frequency is measured in Hertz (Hz), where 1 Hz = 1 cycle per second. The AC power
supplyfrequency in India is 50 Hz. Therefore, the time period of the sinusoidal curve is
T=1/f or T= 1/50 or T= 20 miliseconds.

Phase Angle

Both current and the voltage oscillate sinusoidally, with the same frequency, in an AC
circuit, but they are out of phasvith each other.

Phase Angle o

~
75 Vi) = Vipgy sinlmf + &)
50 ViE)
25 —_ [i] ,/ Vinax
0
- )
- Iax .
_7= _ L
B I(FY = hpga Sinl@i) -

a 45 Qo> 135> 1z02 2252 2702 2152 2602

Phasor Angle =t

The angle by which the sine curve of the voltage in a circuit leads or lags the sine curve of
the current in that circuit is called the phase angle @. If & is positive the voltage leads the
current.
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Voltage (or Potential Difference)

Voltage (or potential difference) is the difference of electrical potential between two points
of an electrical or electronic circuit. The unit of voltage is volt (V).

Electrical potential difference is the ability to move electrical charge thraughistance.

Voltage is usually specified or measured with respect to a stable and unchanging point ir
the circuit known as ground (earth) or neutral.

Resistanceis defined as the property of a conductor to oppose or restrict the flow of
electricity (orelectrons) through it. Metals, acid solutions and salt solutions are very good
conductors of electricity. Poor conductors of electricity like Bakelite, mica, glass, rubber,
paper, PVC and dry wood offer relatively greater resistance to the flow of akditence

they are used as insulators or insulating materials.

Ohmoés | aw tketratib ef potentraladifference or voltage (v) between two
points on a conductor to the current (i) flowing through the points is a constant

this constanti¢ he r esi stance (r) of the conduc
following equation:

V/I=R or, V=IXxR. The unit of resistance is o
The resistance of a conductor is defined by following equation :

A

R = Jwheévr &) &) 6c irsestihset asnpceec ivfail ue, 60l 6 i s
section area of the conductor.

Power and Energy in electric circuits

The power (P) consumed by a circuit element (say a resistor R) through which a current | is
flowing is

P=VxlI The wit of electrical power is watt (W).

Electrical Energy consumed over a period of time t is expressed as,
E=VxIxt or E=Pxt The unitof electrical energy is wdtbur ( Wh).The common
unit of consumption of electricity (i.e. energy ) is kW

Energy is measured by energy meters which take the supply voltage (V) and line current (I)
as input. In high voltage systems, voltage or potential transformer output and current
transformer output are used in the energy meter to get the energy cdnsume

Capacitor and Capacitance

171



A capacitor consists of two conducting surfaces, separated by a layer of an insulating
medium (or dielectric). The conducting surface may in the form of either circular,
rectangular, spherical, or cylindrical shape. The dépactores electrical energy by
electrostatic stress in the dielectric. Please note that the term condenser is wrongly used fc
a capacitor, because it does no condense energy.

After resistors, capacitors are the most widely used component in eleciiccg. They are
used in electronics and communication (e.g., tuning circuits of radio receivers), computers
(as dynamic memory), and power systems (for power factor correction).

A parallel plate capacitor is shown in the adjoining figure, connected
to a battery. The potential difference across the plates of the capacitor
is equal to the battery voltage, thereby charging the capacitor.
However due to the inherent nature of

a capacitor, it opposes the deposition of charge on it. Gradually a
positive chage + Q is deposited on the positive plate of the capacitor
with a negative chargie Q on its negative platé capacitor in an electrical circuit opposes
any change in voltage magnitude in the circuit.

Capacitance

Capacitance (C) is the property of thapacitor to store electric charge. It is defined as the
amount of charge required to create a unit potential difference between the plates.

C=Q/V
i,e., capacitance is the charge required per unit potential difference.

The unit of capacitance is Faréld). A farad is however too large for practical purposes.
Capacitance is usually expressed in smaller units like microfarad (jfFE}lhanofarad
(nF=10°F), or picofarad (pF=1 F).

The capacitance, C, is an inherent characteristic of the capauitatogs not depend on Q
and V. It depends on the physical dimensions of the capacitor. For the parallel plate
capacitor, the capacitance is

c = UA / d

where, Uis the permittivity of the dielectricA is the crossectional area; and is the
distance beteen the plates.

Like resistance in an electric circuit capacitance offers capacitive reacka)de ¢hm,
Xc = 1/ @ fc or, Xc= 1/
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Types of Capacitors
Capacitors can be classified
1. depending on the type of construction as fixed or variable; or
2. depending on the dielectric material as polyester, mica, polystyrene, or electrolytic.

Inductor and Inductance

While capacitors store energy in their electric field, inductors store energy in their magnetic
fields. Inductors are used in power supplies, t@msérs, radios, TVs, radar, and electric
motors. Common applications for inductors are as coils or chokes. In power systems
inductors are used in relays, delay timers, sensing devices, etc. In telecommunications, the
are used as sensing heads, in telepluirtuits, and loudspeakers.

An inductor consists of a coil of conducting wire. The voltage across an inductor is given by

V=Ldi/dt wherelLis the inductance.

Inductance is the property whereby an inductor exhibits opposition to the currentnfijowi
through it. Inductance is expressed in henrys (H).

The inductance depends on the physical dimension and
construction of the inductor. For a solenoid

L = N?pA /|
a ! where N = number of turns= length; A = crossectional
: : area, and pu = permeability the core.

Like resistance in an electric circuit inductance offers inductive reactdpcmm ©hm,
X= L _=2rfL X

Types of Inductors

Inductors can be classified depending on the

1. type of construction as fixed or variable; or
2. core material agon, steel, plastic, or air.

9.2 Basic Principles of Transformer

WHAT IS A TRANSFORMER?
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A transformer is an electrical static device that efficiently changiésrnatingvoltages

from one voltage level to another using principle of electromagnetic induEMI). The
alternating flux produced by the primary winding links with the secondary winding and
induces the alternating voltage in the secondary winding depending on the ratio of numbet
of turns in the two windings.

Transformers are at the core of amgo distribution network. They work at very high
efficiencies (95 to 99 per cent). A transformer is mostly used teugtegr stepdown the
system voltage as required.

P'f'm?ry Secondary
winding winding
N, turns N, turns

Primary
current

Magn
i

Secondary
Is current

Secondary

\ LS T"ﬂnsformgr
Core

Figurel shows ideal single phase transformer

Basic components of an ideal transferm

1 Magnetic core of laminated iron, Generally CRGO (Cold rolled grain Oriented) grade
steel.

1 The core is laminated to reduce Hysteresis loss and Eddy current loss.
1 Primary and the secondary windings which are placed around Core.

o Winding that is connecte the source is known as the primary winding and the one
connected to the load is the secondary winding.

o Winding carrying High voltage is HV or HT winding and winding carrying Low
voltage is called LV or LT winding.
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Turns Ratio (k)
Turns Ratio (k) = Primy Voltage / Secondary Voltage
= Number of Primary Turns / Number of secondary turns

= Secondary Current / Primary Current

TAPS IN TRANSFORMERWINDING

Taps are brought out normally from Low current aka high voltage windings to the tap
changing switch. Th&ap points are brought out from the middle of the windings to keep the
magnetic balance and usually correspond to £1.25%, +2.5% and +5.0%. If the primary
voltage is abnormally low for most of the time, it is advisable to gelfaf tapping.

A typical OLTC is shown in Figurd where currently tap 2 is
selected and current is going from{awia diverter switch in
position A to neutral terminal. When t&pis selected diverter
switch changes position from A to B and the current path
completes from tap 3 tiverter switch in position B to neutral
terminal

Tap changers are mainly of 2 types GIEBAD type generally
used in distribution transformers and @QRAD type
generally used in power transformers where frequent tap
changing is required. The former (i.©FF LOAD TC) is
operated after switching OFF the transformer and the latter
(i.,e. ON LOAD TC) is changed without interruption of power

supply.

OTHER TRANSFORMERS 8GED IN STEEL PLANTS

Other than conventional two winding power and distribution transforthere are other
transformers used in steel plants which are:

They can be classified as follows:

a. Auto Transformers: In an autotransformer the
secondary voltage is derived from the tapped
primary winding. It is used for transfer of large
amounts of powerwhere electrical isolation is

3 load not required.

Autotransformer

b. Power Transformers: Used to stemlown
(EHV to HV) or stepup (HV to EHV) voltage for bulk
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transfer of power at switchyards. They may have either one or two secondary windings.
These transformers generally shoghefficiency at higher loadings

C. Distribution Transformers: Used to stemlown HV to LV at sukstations near
loads. These transformers show high efficiency at low loadings.

d. Thyristors (Converter / Inverter) Transformers: Used for drives which are in turn
used to drive AC motors via A@-DC (or vice versa) conversion or in thyristorized control
systems like VVVF drives. These transformers have inverter grade insulation to sustain
steep switching jerks.

e. Furnace Transformers: Used in arc furnaces where HV tgally of grade 33kv is
stepped down to LV at around 440V to generate very high operating currents of the order
2030k A used for arcing,makimdgyg. fleer e swealotr
done by an Oihoad Tap Changer (OLTC). This operatesegaily 7680 tines in a day.

f. Instrument Transformers: CT or current transformer and PT or Potential
transformer fall in this category and are used for protection and metering. These are ver)
small in size as compared to conventional transformers and sicalbaused to tell the
amount of current or voltage flowing in the network.

g. Isolation Transformers: Their primary and secondary voltages are of same ratio
and they are used to provide electrical isolation so that a downstream fault does not affec
other components of the system. Generally they are used before lighting loads so that
primary <circuitds system surges do not g
load is attached thus protecting the load from getting fused.

h. Impedance Matching Transformers: Used to match the load resistance to the
source resistance, for example to connect a loudspeaker to an audio power amplifier. The
speakerodos resistance is only a few ohms

several thousand ohms. Fonpedance matching, the required number of turns of the
transformer is selected.

i. Capacitance Voltage Transformer :

Wound type Voltage Transformers above 66 KV becomes too bulky & expensive. Above
66 KV Capacitor Voltage Transformers are dis€he line to ground voltage is divided by

use of calculated number of high voltage capacitors in series. The voltage across the groun
end capacitor is applied to a small wound potential transformer with atleast two secondary
windings having output 110%/3

INSULATING MEDIUM IN TRANSFORMERS
Depending on the insulating medium, transformers are also classified as

i.  Mineral oilfilled
il.  Synthetic liquidfilled
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iii.  Dry types.
Power and furnace transformers are minerafilbgld, which acts as an insulating medium
aswell as coolant.

Distribution and thyristor transformers have all three
insulating media. There are two types of -tiye
transformersi castresin and vacuum pressure
impregnated. However absence of an external
coolant / insulating medium limits thesapacity (up

to 15 MVA).

Synthetic liquidfilled transformers have excellent
insulating properties and do not degrade like mineral
oil. However these liquids (and their fumes) are

O harmful to human beings. Hence such liquids are
banned WorIdW|de However we still have a large number of ligdidled filled
transformersinstatied*during the late 1950s to-2880s, which are gradually being phased
out by drytype transformers.

9.3 Basic Principles of Motor

WHAT IS MOTOR?

A motor is nothing but an electrmechanical device that converts electrical energy to
mechanical energy. In simple words we can say a device that produces rotational force is :
motor.

MOTOR PRINCIPLE

The very basic principal of functioning of ahectrical motor lies on the fact that foe is
experienced in the direction perpendicular to magnetic field and the current, when field and
current are made to interact with each other.

Magnitude is given by
F=B x| xL

Magnetic force produced Where,

o F is the Force exerted (Newtons)
magnetic field

B is the magnetic field (weberfn

current | is the current (Amperes), and

Fleming’s Left Hand Ru'e
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L is the length of the coil (meter).

The direction of mechanical force is determined by Fleming'sHagitl rule as shown.
The force, current and the magnetic field are all in perpendicular to each other

CLASSIFICATION OF MOTORS
Motors can be classified majorly on the basis of type of supply it is using to rotate its rotor.

Following diagram shows broad classification of motors.

Motor

l l l

DC Motor AC I\:olo'ror Special Motor

DC MOTOR

The motors, practically used in industrial applications are multi pole D.@rW/hen its

field magnets are excited and its armature conductors are supplied with current from the
supply mains, they experience a force tending to rotate the armature. Because all conductol
experience a force which tends to rotate the armatureotbesf collectively produces a
driving torque which sets the armature rotating. It has following parts:

BASIC CONSTRUCTION @& DC MOTOR

A. YOKE:

The outer frame of the motor is called
Fieldwisdise yoke that serves two purposes.

Yoke or frume

Comnyatator

1. It provides mechanical support for the
poles and act as a protecting cover for the
Commutator WhOIe maChine-

SCRIRMIS
. 2. It carries the magnetic flux produced
by the poles.

Shatt
Armature

conducions

B. POLE CORES AND POE SHOES
(FIELD):
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The field magnets consists pole cores and pole shoes. The pole shoes serve two purposes

1. They spread out thigux in the air gap and also, being of larger cross section, reduce the
reluctance of the magnetic path

2. They support the exciting coils (or Field Coils).

The field coils or pole coils, which consists of copper wire or strip, are fenaend for
correct dmension. When current is passed through these coils, they magnetise the pole:
which produce the necessary flux that is cut by revolving armature conductors.

C. ARMATURE CORE:

It houses the armature conductors or coils and causes them to rotate and hehee cu
magnetic flux of field magnets. In addition to this, its most important function is to provide
a path of very low reluctance to the flux through the armature from a North Pole to a South
Pole.

It is cylindrical or drumshaped and is built up usuallyrcular sheet steel discs or
laminations. The laminated core is made up of high silicon steel to reduce Hysteresis loss
and laminated design reduces Eddy Current loss in the armature.

D. COMMUTATOR AND BRUSHES:

The function of commutator is to facilitateollection of current from the armature
conductors. The brushes, whose function is to collect current from commutator, are usually
made of carbon and are of the shape of a rectangular block. These brushes are housed
brush holders which hold down brushen to the commutator by a spring. A flexible copper
pigtail mounted at the top of the brush conveys current from the brushes to the holder.

TYPES OF DC MOTOR AM ITS CHARACTERISTIGCS

Based on the type of Field excitation being used motors are classifieltbaving

The field of DC motors can be:
1. Permanent magnéPermanent magnet stator),

2. Electromagnets connected in serfésound stator),
3. Shunt(Wound stator), or

4. CompoundWound stator).
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1. PERMANENT MAGNETMOTORS

The permanent magnet motor uses
magnet to supply field flux Permanent
. magnet DC motors have excellent starting
torque capability with good speed
regulation. A disadvantage of permanent
magnet DC motors is they are limited to
the amount of load they can drive.These

motors can be found olow horsepower
applications.

Another disadvantage is that torque is usually limtted50% of rated torqu prevent
demagnetization of the permanent magnets.

2. SERIES MOTORS

In a series DC motor the field is connected in
series with the armature. Thield is wound with

a few turns of large wire because it must carry the
full armature current.

A characteristic of series motors is the motor
develops darge amount of starting torque.
However, speed varies widely between no load
and full load. Series mors cannot be used where
a constant speed is required under varying loads.

Additionally, the speed of a series motor with no
loadincreases to the point where the motor can
become damaged. Some load must always be
connected to a serie®nnected motor.

Saiesconnected motors generally are not suitable for use on most variable speed drive
applications

180



3. SHUNT MOTORS

o o
© F1 F1
= Al
o - @
DC Line i DC Line i
Voltage A E Voltage A £
Z &
Az @ AD
o F2 F2
o
Separately Excited Common Source

In a shunt motor the field is connected in parallel (shunt) with the armature windings. The
shuntconnected motor offers good speedulagjon. The field winding can be separately
excited or connected to the same source as the armature

An advantage to a separately excited shunt feelthe ability of a variable speed drive to
provide independent control of the armature and field.

The shut-connected motor offers simplified control for reversing. This is especially
beneficial in regenerative drives

4. COMPOUND MOTORS

Compound motors have a field connected in
series with the armature and a separately excited
shunt field. The series field rpvidesbetter
starting torqueand the shunt  field
providesbetter speed regulation.

However, the series field can cauwsmtrol
problems in variable speed drive
applicationsand is generally not used in four
guadrant drives.
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In summary

SERIES WOUND SHUNT WOUND

COMPOUND WOUND

1 Field and armatur¢ | Field and armatur

windings are in series. windings  are i One field winding is in
parallel. series and other i
parallel with armature.

1 Highest starting torque|

. 1 Medium starting
Tl Poor speed regulation. torque. { Performance optimize
3 i i - to suit applications.
Ovlersgee(illlnr?t I|f L(sted g 1 Good speek pp
no load or li oad. : .
g regulation. { Better than serie

wound.
1 Can be usedrom low

to rated loads. f Can be used from lov
to rated loads.

Normally in Industries \were speed variation and contrpl
are desired, a separately excited type of DC motor is used where instead of connecting
armature and field in parallel ( as in case of a shunt motor),they are separately excited
meaning field and armature winding are pd®d with supply from separate sources.
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SUMMARY OF APPLICATIONS:

Type of Motor | Characteristics Applications
Shunt 1 Approximately constant speed U For driving constant speed lir
shafting.

1 Adjustable speed
U Lathes

1 Medium Starting Torque
U Centrifugal pumps
U Blowers and Fans

U Reciprocating Pumps

Series 1 Variable speed U For traction work i.e. electri
Locomotives

1 Adjustable varying speed
U Rapid Transit systems
1 High Starting toque
U Trolley cars, conveyors

Cumulative 1 Variable speed U For intermittent high startin
compound torque loads

1 Adjustable varying speed
U Shear and Punches
1 High Starting toque
u Elevators, Conveyors
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AC MOTOR

As regards to the principle of operation AC Motors are classified into following groups.
U  Synchronous motors

U  Asynchronous motors ( Inductidvotor )
U Squirrel cage

a  Slip-ring

INDUCTION MOTOR

In DC motor, the electrical power is conducted directly to the armature (i.e. rotating part)
through brushes and commutator. Hence in this case DC motor can be cabedwasion
motor.

However in AC motas, the rotor does not receive electric power by conduction but by
induction in exactly the same way as the secondary of a transformer receives its power fromn
primary. That is why such motors are called as Induction motors. And electrical equivalent
diagramof transformer and induction motor are same

The poly phase induction motor is extensively used for various industrial applications. It has
following advantages and disadvantages.

Advantages:

1. It has very simple and extremely rugged construction (Espesiliiyrel cage Type).

2. Its costis low and it is very reliable.

3. It has sufficiently high efficiency. In normal running condition, no brushes are needed,

hence frictional loses are reduced. It has a reasonably good power factor.
4. It requires minimummaintenance.

5. It starts up from rest and needs no extra starting motor and has not to be synchronized.

6. Its starting arrangement is simple especially for squirrel cage type motor.

Disadvantages:
1. Its speed cannot be varied without sacrificing some of its&ficy.

2. Just like a DC shunt motor, its speed decreases with increase in load.

3. lIts starting torque is somewhat inferior to that of a DC shunt motor.
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BASIC CONSTRUCTION

The AC induction motor comprises 2 electromagnetic parts:
1  Stationary part called theator

1  Rotating part called the rotor, supported at each end on bearings

The stator and the rotor are each made up of:
T An electric circuit, usually made of insulated copper or aluminum, to carry current

T A magnetic circuit, usually made from laminated stéel ¢ore used for thesae ,
to carry magnetic flux

. AC Motor uses electrical energy in AC

form to convert it into mechanical
energy.

SYNCHRONOUS MOTOR

Synchronous Motorare thregphase AC motors which run at synchronous speed, without
slip. A synchronous electric motoris anAC motorin which,the rotation of the shatft is
synchronized with th&equency of the supply current.

Synchronous motors contain multiphase @l€ctromagnetsn thestatorof the motor that
create anagnetic fieldwvhich rotdes in time with the oscillations of the line current.
Therotor with permanent magnets electromagnetsirns in step with the stator field at the
same rate and as a result, provides the second synchronized rotating magnet fiel®f any
motor. A synchonous motor is only considerédadubly fedif is supplied with independently
excited multiphase A€lectromagnetsen both the rotor and stator
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BASIC CONSTRUCTION

Stator

E The stator of a synchronous machine carries the armature or load
winding which is a three-phase winding .

= The armature winding is formed by interconnecting various
conductors in slots spread over the periphery of the machine’s stator.
Often, more than one independent three phase winding is on the
stator. An arrangement of a three-phase stator winding is shown in
Figure below. Notice that the windings of the three-phases are
displaced from each other in space.

CHARACTERISTICS OF SNCHRONOUS MOTORS

Some characteristic features of a synchronous maoéoas follows:

1. It runs either at synchronous speed or not at all i.e. while running, it maintains a constant
speed. The only way to change its speed is to vary the supply frequency (because N
=120f/P).

2. Itis not inherently sefftarting. It has to baun upto synchronous (or near synchronous)
speed by some means before it can be synchronized to supply.

Synchronous motors have the following characteristics:

U A threephase stator similar to that of an induction motor. Medium voltage stators are
often used.

U A wound rotor (rotating field) which has the same number of poles as the stator, and is
supplied by an external source of direct current (DC). Both byysh and brush less
exciters are used to supply the DC field current to the rotor. The rotor cestabtishes a
north/ south magnetic pole relationis-8t ppon
with the rotating stator flux.

0  Starts as an induction motor. The synchronous motor rotor also has a smpgeel
winding, known as an Amortissewinding, which produces torque for motor starting.

U  Synchronous motors will run at synchronous speed in accordance with the formula:

Synchronous RPM (N)) = 120 x Frequency (f) or, Ns=120f/P
Number of Poles (P )
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Example:the speed of a 24Pole Synchronous Motor operating at 60 Hz would be: 120 x
60 /24 = 7200/ 24 = 300 RPM

SYNCHRONOUS MOTOR OERATION

a The squirrelcage Amortisseur winding in the rotor produ&arting Torqueand
Accelerating Torquéo bring the synchmous motor up to speed.

a When the motor speed reaches approximately 97% of nameplate RPM, the DC field
current is applied to the rotor produciRgll-in Torqueand the rotor will puHin -step and
Asynchronizeodo with the renotortwillmug atfsynanmenousi e |
speed and produ&@ynchronous Torque

a After synchronization, thBull-out Torquecannot be exceeded or the motor will pull
outof-s t e p . Occasional l vy, i f the ov-apdload ar
resynchrorze. Pultout protection must be provided otherwise the motor will run as an
induction motor drawing high current with the possibility of severe motor damage.

Advantages of Synchronous Motors

The initial cost of a synchronous motor is more than that ofnaerdgional AC induction
motor due to the expense of the wound rotor and synchronizing circuitry. These initial costs
are often offset by:

U Precise speed regulation makes the synchronous motor an ideal choice for certair
industrial processes and as a primaver for generators.

U Synchronous motors have speed / torque characteristics which are ideally suited for
direct drive of large horsepower, leygm loads such as reciprocating compressors.

U Synchronous motors operate at an improved power factor, therelvgvimgp overall
system power factor and eliminating or reducing utility power factor penalties. An improved
power factor also reduces the system voltage drop and the voltage drop at the moto
terminals.
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9.4 Power Distribution

As a system engineer the prquisite knowledge that person must have is about the vastness
of network he is dealing with. As a general philosophy every SAIL Integrated steel plant has
two major categories of providing power to the plant

Non-essential load: Those loads which do radt ih the category of keeping plant alive in
the situation power outage are called '@ssential loads. These loads are fed from external
power source like External power grid.

Essential Load: Those loads which fall in the category of keeping planiralive situation
power outage are called essential loads. These loads are fed from internal power source lik
Captive power plant (CPP)

CAPTIVE POWER PLANTS

Avalilability of reliable power supply is paramount to all the critical processes of an
integratedsteel plant. It is vital for the safety of plant equipment and personnel because
power outage can lead to unsafe situation like gas leakage in Coke Ovens, or damage t
Blast Furnace tuyers, or melting of oxygen lances used in thenstéé@hg process.
Furthermore, stoppage in one production shop of an integrated steel plant can seriously
affect the production of the next shop in the chain. Hence all integrated steel plants have
their owncaptive power plants(CPPs), to cater to these critical loads, inithoid to power
supply from the state grid. A cressctional view of a thermal power station is shown
below.

Bailer

(furnace) Turbine

Steam

Transmission
Lines

CPPs in SAIL are coal / gdmsed thermal power plants. In thermal power stations,
mechanical power is produced by a steam turbine, which dransfthermal energy, from
combustion of a fuel (coal or froduct gases), into rotational energy. Pulverized coal is
fed to the boiler, where its combustion takes place, thereby producing thermal energy tha
heats the water inside the boiler tubes. Higkspure, high temperature steam then passes
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through the turbine. The dynamic pressure generated by expanding steam turns the blades
a turbine. A generator that produces electricity is connected to this turbine. To utilize the
exhaust steam from the tumb, condensers are used to convert the exhaust steam into
condensate (water), which is pumped back to the boiler. The excess steam is used in ste
plants for certain processes, like running of steam exhausters in coke ovens. Blast Furnac
and CokeOvengys es ar e al so used as fuel i n SAIL

Power is normally generated at 6.6 kV, 11 kV, or 25 kV. The generator is connected
through a transformer to the grid, steppumthe voltage of the generated power to grid
voltage. It is then disbuted to various production shops through stepn transformers at

11 kV, 6.6 kV, 3.3 kV and 440 V.

SYNCHRONISATION OF GENERATORS

The generators in the CPPs are synchronized with the grid supply through a synchroscop
which permits closing of tie cirdubreakers. The preequisites for synchronizing these
generators with the state grid supply are as follows:

1  The voltage difference should be in the range of 10 % of the rated voltage

1  The phase angle difference between the grid voltage and the geneittge \should
not be more than 20 degrees

1  The difference in frequency should be 0.11% for a system frequency of 50 Hz

PRECAUTIONS DURING RARALLELING

A majority of the equipments in a steel plant have both state grids as well CPP supply. It is
important tkat any paralleling operation at satations is done only after ensuring that the
CPP supply is synchronized with the grid supply. If paralleling is done between two supply
sources not in synchronism, there is a danger of flashover due to circulatingsoaesed

by the difference in voltages of the two power sources.

ISLANDING

During system disturbances, the islanding of CPPs from the grid on Over FHdemgleency

takes place to isolate the generators from grid disturbances, so that the criticah lbeds

steel plant get uninterrupted power supply. During islanding of CPP generators, they are ou
of synchronism with the grid supply. Hence, utmost care has to be taken to prevent any
paralleling of the two supply sources at downstrearmssations.

POWER WHEELING FROM D® TO BSP, VISL AND SP

To fully utilize the power generation potential of the 2 x 60 MW CPP of DSP, and at the
same time meeting the power requirements of BSP, DSP has been wheeling 20 MW powe
to BSP since 1%July 2004. This has beenade possible by the provisionsayfen access
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in transmission systems the Indian Electricity Act, 2003. Wheeling of DSP power has
been further extended to Viswesaraya Iron and Steel Limited, Bhadravati Sidaauary
2008, and to Salem Steel Plémm 23° February 2008.

9.5 Circuit Breakers

Purpose: Circuit breakers are used for switching on and isolation of power supply. But their
more critical application is:

a. protecting the power system during faults and

b. Maintaining the control philosophy byeeding the fault upto certain
prescribed time so that the downstream breaker may clear the fault at its end,
if it fails to do so then the upstream breaker must operate at it level.

Protective relays initiate tripping command during a fault to trip itoeiic breaker, thereby
isolating the system. The failure of a circuit breaker to trip can lead to catastrophe, resulting
in irreparable damage to equipments, and at times, the operating personnel.

Operation: Circuit Breakers typically have three poles.dach pole there is a fixed and a
moving part. The moving part joins the fixed part when a switc@Ngcommand is given.
During a fault, the moving part separates from the fixed part. However arcing takes place
between the fixed and moving contacts, \kiicay restrike if the separation of the contacts

is not at zero current in a sinusoidal waveform. Thegaenching medium inside the poles
limits this restriking current, thereby ensuring safe isolation.

Electrical circuit breaker is a switching deviahich can be operated both manually and
automatically for controlling and protection of any electrical power system. As the modern
power system deals with huge currents, the special attention should be given during
designing of circuit breaker to safe imtgtion of arc produced during the opening/closing
operation of circuit breaker.

According to their arc quenching (rapid cooling) media the circuit breaker can be divided
as:

1) Air circuit breaker

2) QOil circuit breaker

3) Vacuum circuit breaker

4) SF6 drcuit breaker

According to their services the circuit breaker can be divided as:
1) Outdoor circuit breaker
2) Indoor circuit breaker

According to the operating mechanism of circuit breaker they can be divided as:
1) Spring operated circuit breaker
Layout of Equipments in a Typical Power Distribution System
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3) Hydraulic circuit breaker

According to the voltage level of installation types of circuit breaker are referred as:
1) High voltage circuit breaker (> 72 kV)

2) Medium voltage circuit breaker-{2 kV)

3) Low voltage circuit bread (< 1 kV)

Short summary for breakers:

Plain-break air breakers are used in low voltage and medium voltage up to 15 kV. For low
and medium voltagesisescan be also used, but the main disadvantage is that they must be
replaced after fault clearing. In wliem voltage systems minimum oil, SF6 and vacuum
breakers are also being used. For high voltages minimum oil, SF6 andiblastakers are
used, but always with multiple interrupters in series.

AIR CIRCUIT BREAKERS(ACB)

LV air breaker ;
600V/400A

LV air breaker, 400V/6300A

For interrupting arc it creates an arc voltage in excess of the supply voltageltage is
defined as the minimum voltage required maintaining the arc.

This circuit breaker increases the arc voltage by mainly three different ways:

A It may increase the arc voltage by cooling the arc plasma. As the temperature of arc
plasma is decreadethe mobility of the particle in arc plasma is reduced; hence more
voltage gradient is required to maintain the arc.

A It may increase the arc voltage by lengthening the arc path. As the length of arc path is
increased, the resistance of the path is ir@@aand hence to maintain the same arc
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current more voltage is required to be applied across the arc path. That means ar:
voltage is increased.
A Splitting up the arc into a number of series arcs also increases the arc voltage.

There are mainly two types 8CB available.

A Plain air circuit breaker
A Air-blast circuit breaker

OIL CIRCUIT BREAKERS(OCB)

Mineral oil has better insulating property than air. The oil is used to insulate between the
phases and between the phases and the ground, and to extingaish YWbaen electric arc

is drawn under oil, the arc vaporizes the oil and creates a large bubble of hydrogen tha
surrounds the arc. The oil surrounding the bubble conducts the heat away from the arc an
thus also contributes to deionization and extinctibthe arc. Disadvantage of the oil circuit
breakers is the flammability of the oil, and the maintenance necessary (i.e. changing anc
purifying the oil). The oil circuit breaker is the one of the oldest type of circuit breakers.

VACUUM CIRCUIT BREAKERS (MCB)

Vacuum circuit breakers are used mostly for low and medium voltages. Vacuum
interrupters are developed for up to 36 kV and can be connected in series for higher
voltages. The interrupting chambers are made of porcelain and sealed. They cannot be ope
for maintenance, but life is expected to be about 20 years, provided that the vacuum is
maintained. Because of the high dielectric strength of vacuum, the interrupters are small.
The gap between the contacts is about 1 cm for 15 kV interrupters, 2 mmkidr 3
interrupters.

1, Fixed Contact Stem

2. Fixed Terminal Pad

3. Ceramic Insulator

4. Fixed Contact

5. Metal Shield

6. Moving Contact

7. Insulator

8. Bellows

9. Bearing
10. Moving Contact Stem
11. Mechanical Coupling for 10

Operating Mechanism g

(o]
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a) Vacuum interrupter b)12 kV, 40 KA Indoor vacuum circuit breaker

Service life of the VCB is much longer than other types of circuit breakers. There is no
chance of fire hazard a8l circuit breaker. It is much environment friendly than SF6 circuit
breaker.

SULFUR-HEXAFLUORIDE (SF6) CQRCUIT BREAKERS

Gas properties

Sulfur-hexafluoride (SF6) is an excellent gaseous dielectric for high voltage power
applications. SF6 is a colorlessrrtoxic gas, with good thermal conductivity and density
approximately five times that of air (6.14 kdg/jn It does not react with materials
commonly used in high voltage circuit breakers. It has been used extensively in high voltage
circuit breakers andther switchgear employed by the power industry. Applications for SF6
include gas insulated transmission lines and gas insulated power distribution substations
The combined electrical, physical, chemical and thermal properties offer many advantages
when sed in power switchgear. Some of the outstanding properties of SF6 which make its
use in power applications desirable are:

A high dielectric strength

A unique arequenching ability
A excellent thermal stability
A good thermal conductivity

The SF6 gas is identifieds a greenhouse gas, safety regulation are being introduced in
many countries in order to prevent its release into atmosphere.

BREAKER PROPERTIES

The principle of operation is similar to the air blast breakers, except that SF6 is not
discharged in the atmsphere. A closedircuit, sealed construction is used.

There are mainly three types of SF6 CB depending upon the voltage level of application:

1) Single interrupter SF6 CB applied for up to 245 kV (220 kV) system
2) Two interrupter SF6 CB applied for up420 kV (400 kV) system
3) Four interrupter SF6 CB applied for up to 800 kV (715 kV) system

During the opening operation the gas contained inside a part of the breaker is compresse
by a moving cylinder that supports the contacts or by a piston. Thisftie SF6 through

the interrupting nozzle. When the contacts separate, an arc is established. If the current i
not very high, it is extinguished at the first zero crossing by the pushing the SF6 through the
arc by the piston. If the short circuit curresithigh, the arc extinction may not occur at the
first zero crossing, but the gas pressure will increase sufficiently to blow the arc out. By
connecting several interrupting heads in series, SF6 breakers can be constructed for voltage
of up to 765 kV.
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a) SF6 CB scheme b) 40.5 kV, SF6 circuit breaker

GAS INSULATED SUBSTATION (GIS)

In
GIS the highvoltage conductors, circuit breaker interrupters, switches, current transformers,
voltage transformersnd lightning arresters are encapsulated in SF6 gas inside grounded
metal enclosures. Locations where gas insulated substation is preferred:

Large cities and towns

Under ground stations

Highly polluted and saline environment Indoor GIS occupies very sipiee
Substations and power stations located Off shore

Mountains and valley regions

O O O o o
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