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Chapteri 1

RAW MATERIAL HANDLING PLANT

Introduction :

Raw Material Handling Rint (RMHP) or Ore Handling Plant (OHP) or Ore Bedding and Blending Plant
(OBBP) play a very important role in an Integrated Steel Plant. It is the starting point of an integrate
steel plant, where all kinds of raw materials ( Except coal) required fommaking/steel making are
handled in a systematic manner, e.g., unloading, stacking, screening, crushing, bedding, blendi
reclamation, etc.

Different types of major rawnaterials used in an integrated steel plant are

u
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Iron Ore

Lime stone

Dolomite

Manganese Ore

Ferro and Silico manganese
Quartzite

Coal

For Blast Furnace route Iron Making the main raw materials required are

(Il I = < < I I I

Iron ore lump

Blast furnace grade lime stone
Blast furnace gradeéolomite
Coke

Sinter

Scrap

LD Slag

Mn Ore

Quartzite

The main objective of raw material handling plant/ore handling plant/ore bedding and blending plant |

to:-

cC:

homogenize materials from different sources by means of blending

supply cosistent quality raw materials tinterruptedly to different customers
maintain buffer stock

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

The main functias of RMHP /OHP/OB&BP are

1. Unloading& stacking of raw materials
2. Screening of iron ore lump & fluxes
3. Crushing & screening of coke/flux for base mix/sinter mix preparation
4. Dispatch of processed inputs to customer units
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Different types of raw m@terials such as iron ore lump; iron ore fines, limestone, dolomite, manganese
ore, etc. are supplied by SAIL mingtharkhand Group of mines, BSL, Odisha Group of Mines, RSP
and Bhilai Group of Mines, BSPpr purchasedrom outsideparties.

1.2 Different Raw Materials and their Sources

Sl. No. | Raw Materials Sources

1. Iron Ore Lumps (IOL) | Barsua,Kalta, Taldih,Kiriburu,Meghahatuburu,
Bolani,Manoharpur,Gua,Dalli,Rajhara, Rduway
2. Iron Ore Fines (IOF) | Manoharpur,Gua,Dalli,Rajhara
Barsua,Kalta, Taldih,Kiburu, Meghahatuburu,
Bolani, Rowghat

3. Blast Furnace( BF) Kuteshwar, Nandini,
grade Lime Stone
4. BF grade Dolomite Birmitrapur, Sonakhan , Bhawanathpur &

Tulsidamar, Bhutan.
5. | Steel Melting Shop Jaisalmer, Imported from Dai & Oman
(SMS) grade Lime Ston|

6 SMS grade Dolomite Belha, Baraduar, Hiri, Bhutan.

7. | Quartzite Bobbili (AP)

8. Manganese Ore Barjamunda, Gua Ore Mines, MOIL(Purchased)

9 Mixed Breeze Coke Generated insidthe plant (Blast Furnace & Coke
Ovens) also interplant transport as per requirgm

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

Every attempt is being made to utilizeMgrade ion ores, fines and industrial wastes. A huge amount
of fine is generated during mechanized mining operation, which cannot be directly charged into bla
furnace. The propoun of these fines is further increased due to narrow size distribution spemifio&ti

iron ore required by blast furnace operators. For better utilization efjtade ores, it is advised to
beneficiae it after crushing and grinding. Such operations yield concentrate in finer form In addition tc
these fines there are gooépmsits oblue dust, which mostly remain unused due to its fineness

These fines can be either used after agglomerations or utilized for direct reduction processes
production of powler metal products. Depending upon the size gradation of the ore fines the
agglomeation can be done by sintering, pelletization, briquetting and nodulizing methods.
Agglomeration generally refers to tipeocess of forming a physically larger body from a number of
smaller bodies.

Thus, the major objectives of agglomeratioagasses ar

0] Economize mineral use by utilizing finer fraction of the minerals.
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(i) Energy conservation by preparing the burden so as to increase the efficiency of reductic
process andecrease the coke rate.
(i)  Environment improvement by utilizing the wastepilant fines.

Pelletising

Pelletization is an agglomerating process by balling in the presence of moisture and suitaliks addit
like bentonite, lime etc. into-80 mm or larger size. These green pellets are subsequently hardened fc
handling and &nsportatin by firing at 1200 135FC. Many times cement is added and pellet can be
divided into

(a) Acidic Pellets &
(b) Basic Pellets

Low grade iron ore, iron ore fines and iron tagings/slimes accumulated over the years at mine heads
and generated during tleisting washing processes, need to be beneficiated to provide concentrates ¢
required quality to the Indian steel planHowever, these concentrates are too fine in size to be used
directly in the existing iron making processes. For utilizimg fineconcentrate, pelletization is the only
alternative available.

Advantages of Pellets:

Iron ore pellet is a kind of agglomerated fines which has better tumbling index psreoino that of
parent ore and 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, th@ecessity of pelletisation is realized because of several reasons and advantage
The excessive fines generated from th& iooe minng and crushing 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 dminate the Indian steel industry in future.

Pellets have:
A Good Reducibility:

Because of their high porosity that is {26%), pellets are usually reduced considerably faster than
hard burdersinter or hard natural ores/lump ores.

A Good Bed Permeability:

Their spherical shapes and containing open pores, gives dghethbed prmeability. 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 pellets, faster reduction and high metallization takes place.

A Less hpienthancsiotariagy m

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 processing within limits dictate
by economics. In redii no LOImakes them cost effective.

A Easy handling and transportation.

7



Unlike Sinter, pellets have high strength and can be transported to long distances without fir
generation. Ihas also good resistance to disintegration..

Pellets

Fired Pellet
Good Quality

Fired Pellet
Bad Quality




Pellet- Blast Furnace Grade: Chemical Quality (Typical)

Parameter Specification
Fe 65% min
SiO2+AI203 5% max
Al2 O3 0.60%max
Na20 0.05%max
K20 0.05%max
TiO2 0.10%max
Mn 0.10%max
P 0.04%max
S 0.02%max
\% 0.05%max
Basicity

(Ca0+MgO)/BiO+Al03) 0.40

Moisture (free moisture loss at 119

4% max (fair season) 6% max (monsoon)

Screen Analysis Specification
+16mm 5%max
-16mm,+9mm 85%min
-Omm,+6.35m 7.00%max
-5mm 5%max
Tumbler test (ASTM)
Tumble index (+6.35 mm) 94.00 % mn
Abrasion index (+ 0.6 mm) 5.00 %max
Specification
Swelling 20% max.
Compression Strength 250 KG/PELLET min
Porosity 25.00 % min
Reducibility 60% min

Right quality raw material is the basic requirement to achieve maximum output at lowasingpeost.
Quality of raw materials plays a very important and vital role in entire steel plant operation. Quality o
9



raw materials (incoming) and processed material (aggas monitored by checking the incremental
samples collected from the whole smnment. Samples are collected at Auto Sampling Unit or
Sampling Unit. The samples prepared after quarter and coning method are sent for further analysis.

1.3  Quality Requirements of Raw Materials

Sl. No. Material Chemical Physical
1. Iron Ore Lump Fe Si® Al,O3 | -10mm= 5% Max
62.363.2% 1.82.8%  2.63.0% +40mm= 5% max
2. Iron Ore Fines Fe Si® Al ;03 +10mm= 5% Max
62-63% 2.3 3.6% 2.8 3.3% - Imm= 30 % max
3. Lime Store (BF) | CaO MgO SO | -5mm= 5% max
grade. 43-50% 2.2%5% 3.56.5% | +40mm= 5% max
4. Dolomite (BF) | CaO MgO Si© -5mm= 5% max
grade. 30% 18% 5% +50mm= 5% max
5. Lime CaO MgO Si® -40mm= 7% max
Stone(SMS) 52% 1% 1.5 % (max.) | +80mm= 3% max
grade(Jaisalmer (30-60mm)
Imported(Dubai
& Oman)
6. Dolomite(SMS) | CaO MgO Si0 -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%, Si@12-15% <15mm
Moisture 10-15% (max.)
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1.4  Process Flow Diagram of RMHP/OHP/OBBP

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

From Mines

A 4

Wagon Tippler/ Track Hoppe

Auto Sampler/
Sampling Unit

v

Base Mix
Preparation
Unit

A 4

y

Designated Beds Screening Unit

Bedding &

Blending

A 4

Despatch to Customer

1.5 Material Hand ling Equipments

Major equipments which are used in RMHP/OHP/OBBR are

Sl. No. Major Equip ments Main Function

1. Wagon Tippler For mechanized unloading of wagons

2. Car Pusher / Side Arm | For pushing / pulling the rakes for wagon
Charger. placement inside the wagon tippler.

3. Track Hopper For manual unloading of wagons

4. Stackers/ Stackecum- | For stacking material and bed formatio
Reclaimer (SCR)

5. Barrel /Bucket wheel For reclaiming materials from the beds
/ISCR

6. Transfer Car For shifting equipmentBom onebed to another

7. Screens For screening to acquire desirgdematerial

8. Crushes For crushing to acquire desired size material

9. Belt Conveyors For conveying different materials to the

destination/'customer.
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Logistics:

For smooth operation, the planning of Raw Material requirement for the set target is of prim
importance.Raw material requirement plan is to be made ready amincmicated to the concerned
agencies well in advance to avoid any setback for the process.

The different ageties whit are involved in this process are

-RMHP/OHP/OBBP

-Traffic and Raw Material Department
-Raw Materials Division (RMD)
-Production Planning Control B)
-Finance

- Materials ManagemeriPurchase)
-Railways, etc,

Indian Railway acts as a linkage between mines and steel gdantajor mode of Raw Material
transport.

Inside the pnt, Traffic Department (of the Plant) plays the major role for foreiggons (Railways)
rakes movement anithe procesed/waste material movement by the plaagons.Depending on the
types of wagonsraw materials rakes supplied by the mines through railways are being placed either i
wagon tippler or track hopper for unloadinhe types of wagons for unloading in wagon tippler and /or
track hopper is as given belaw

For Wagon Tippler - BOXN, BOXC, BOST, NBOY
For Track Hopper - BOBS, NBOBS.

Thematerial such as Iron Ore Lumps, Iron Ore Fines, Lime Stone, Dolomite, Quartzite etc, unloaded
wagon tipper or tack hopper is being conveyed through series of belt conveyors to the desigrhted b
and stacked there with the help sibckers/ SCRBed formation takes place by means of to and fro
movement of stacker.

Numberof optimum layers in a bed is controlled by stacker speed. Number of layers in a bed determin
the homogeneity of the bed dans reflected in standard deviation of final bed gqyalklore is the
number of layers more is the bed homogeneity and lower the standard deBdtioding is the
mechanied process of stacking & reclaiming to get optimum result in physical & chemical
characteristics of raw material; this means that blending is a process of homogenization ¢
single/different raw materials over allflength of pile/bed. Homogenization increases rapidly as the no
of layers exceeds 400 and the effect becomes constarb@dtéayers.
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A Std dev. Of Fe against No of layers

P
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Fig.:Change of Homogeneity of co-efficient with no. of layers after Blending

Iron Ore L ump Screening:

Screening of Iron Ore Lump is necessary because Iron Ore Lump coming from mines contaiins lot
undergze fraction (10 mm), which adversely affects the blast furnace operation. Dhnerethis
undersize fraction (fines) is screened out at Iron Ore Lump screening section and then stacked in
designated Iron @rLump beds, from which this screened @ supplied to blast furnace.

Screened Iron Ore Lump also called sized iron oreee®ung plays a very important role as size of
materialis very important as far as blast furnace operation is concerned. Incoming Iron Ore Lum
contains-10 mm fration as gh as 15 to 20 %. To get rid of thid0 mm fraction, vibratory screen of

10 X 10 mm mesh size is used.

Base Mix Preparation:

In some plants, base mix or sinter mix or ready for sinter is being prepared at RMHP/OHP/OBBP
for better and consistent quality sinter and also for increasing sintdr glaductivity. Base mix is a

near homogeneous mixtuoé Iron Ore Fines, crushed flux (limestone and dolomite), crushed coke, LD
13



slag fines, mill scale, flue dusgturn snter etc, mixed at certain proportion. Before mixing, above said
materials are seted in individual bunkers, also called proportioning bins. Prior to stacking, required
ratio is to be set for Iron Ore Fines,X|ucoke fines, return sinter etc., so that prepared base mix should
satisfy the requirement of sintering plant.

Panoramic view oRMHP/OHP/OBBP

Panoramic view oRMHP/OHP/OBBP

Iron Ore Fines:

Iron Ore Fines is the base material for base mix preparation. Nea89 78 Iron Ore Fines issed in
base mix preparation. Fe content in Iron Ore Fines is arourGi &2

14



Flux:

Flux is a mixture of Lime Stone and Dolomite in certain proportion required in sinter making. Fractior
of (-3mm.) in crushed fluxsi90% and more. The main function of flux is to take care of gangue in blast
furnace and also to increases the rate of reattidorm the good quality slag. Flux acts as a binder i
sinter making to increase the sinter strength. Neard$6P2 flux used in base mix preparatiGtammer
crushers araused for crushing Limestone and Dolomite Lumps to required size3mem() > 90%

BF Grade Dolomite

—

15



BF Grade Lime stone

Coke Breeze:

Another important ingredient in base mix is crushed coke of size fracoim()
85%.(Minimum) Coke for base mix preparation isaiwed from Coke Ovens and Blast Furnace, called
mixed beeze coke. The size fraction (+ 12.5 mm.) is screened out and sent along with sinter to ble
furnace as a riicoke.The under size material is crushed in the two stage roll crusher i.e. primary anc
secondary roll crusher to achieve requisite size fraction €8mn.) 85%. Nearly %% crushed coke
used in base mix preparation.
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Plant Return & Metallurgical Waste:

Plant Return or BOF (LD) slag is used as a replacement of Blast Furnace grade nend\8toly 3.5
T 4 % BOF slag is useir base mix prepation. Metallurgical Waste such as mill scale, flue dust,
sludge, spillage also used in base mix preparahiatf.

1.6 Customers of RMHP

Sl. No. | Customer Product/ Material

1. Blast Furnace Size Qe (Screen Iron Ore Lump)
Quartzite.

2. Sinter Plant Base Mix/Sinter mix, crushed limesto
& dolomite (Flux), crushed coke & ni
coke

3. Calcining/ Refractory SMS grade Limestone & Dolomite.

Plant

1.7  Benefits of RMHP/OHP/OB&BP

Provides constent quality raw materials to its customer and alsurodling the cost by:
1 Centralized Raw Material facility
Mechanized & faster unloading facilities
Facility for sizing ofmaterials for base mix preparation.
Minimizing undersize in iron ore lump by nreaof screening
Consistency in chemical & physil properties by means of bedding & blending.
Input quality over a time period is known.
Base mix preparation for Sinter Plants
Supply prepared Raw Materials taits
Utilization of metallurgical waste.

= =4 4 -4 48 8 -5 2

1.8  Safety and Environment

RMHP/OHP/OB&BP is a dus prone department due 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 ist@f prime important. To take care of surrourgderea Dust
Extraction & Dust Suppression systemristalled. In some plants dry fog dust suppression (DFDS)
system is also in use. Housekeeping is a majolesige for snooth operation in this department and
requires special attention. Spillage matkriare collected & reused by effective housekeeping. Scrap
conveyor belts are regularly collected and disposed at designated place for proper disposal. This help:
maintaining personal and equipment tieaind safety. It makes the surrounding operdtiendly.

17



Chapteri 2
COKE OVENS AND COAL CHEMICALS

2.1 Introduction

Coke making is the process to convert coking coal, through a series of operatomaetalurgical
coke. The process starts from unloading of the coal at the wagon tigplersds at sizing &
transportation of coke to Blast furnace.

Formation of Coal:

The plant & vegetations buried under swamp bottom during earthquakes or due to other environmen
changes were subjected to heat & pressure. During the initial periodépleegfetations decay to form
PEAT. Over a long periodf time water is forced out due to tremendous pressure of the overburden &
due to heat generation, convegtithe mass thIGNITE. Continuous compaction & ageing converts the
Lignite to Bituminous coalThis process takes million of years.

Types & Sources of Coking Coal:

Coals are primarily divided into two categories i.e. coking coals and non cokingCokisg coals are
mainly used in steel industries for coke making.
Indigenous coking coals artassified as:
Q Prime Coking CoafPCC)
Q Medium CokingCoal (MCC)
While imported coking coals are classified as.
Q Hard coking coals (HCC)
Q Soft Coking Coal (SCC)

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

The different sources of Indigenous coking coal are named after the respective washeries while impor
coking coals are named after the name of countries and are as follo&g page

PCC - Bhojudih MCC - Kathara
- Sudamdih - Swang
- Munidih - Rajrappa
- Patherdih - Keda
- Dugda - Nandan
- Mahuda - Dahibari
-Chasnala
- Jamadoba
- Bhelatand

18



ICC (Hard)i Australia SCC -Australia
- USA -USA
-MozambiqueBenga)

- Indonesia
- Canada

2.2  Properties of Coking Coal

Percentage of Ashtower the ash percentage better is tioal. Indian coal normally contains a high
percentage of ash. This is reduced to some extent by suitalgfceion process at the washeries.

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

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

Low Temperature Gray King coke Type (LTGK)The purpose ofhe test is to assess the caking
properties of coal or coal blend and the yield of the various byproduitg) darbamization.

Gieseler Fluidity:This test measures the rheological properties af. cthis test tells about the initial
softening temperature, temperature at which maximum fluidity occurs, Plastic range, maximum fluidit
and resolidification temperature. This is exgssed in dial division per minute (DDPM). This test tells
about the conpatibility of different coals in coal blend

InherentMoisture: This gives a very good idea about the maturity of the coal with advancement of rank
the inherenmoisture gnerally comes down.

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

Table -1; Properties of incoming Indigenous and Imported cokig coals

Coal Ash VM FSI LTGK | Inherent| MMR
moisture
PCC 19-23 21-23 >2.0 >E <15 1.10
MCC 2071 25 2325 >1.0 >E <15 0.85
Imported 8-10 2530 >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
Mozambique| 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 iron from the iron ore. The success
Blast Furnace operation depends upon the consistent quality of coke, which is used FuBlase.

The quality of coke depends upon the-pagbmisation technique, carbonization & pastrbonization
techniques used in Coke ovens.-Pagbonization techque is ontrolled by Coal handling Plant.

Unloading & lifting of coal:

Washed coals fra washeries are received at the Coal Handling Plant by Railwagons. Generally

59 wagons, called a rake, are brought to the plant at a time. These wagons get unloaded in wag
tipplers. Here the wagons are mechanically clamped & turned up to 172°chardis the coal onto
down below conveyors. Then throughseries of conveyors the coal is stacked in coal yard through a
Stacker or directly to the silos by trippear. Thecoal yard is divided into separate segments where
different types of coal can bdasked in respective earmarked areas. It is very importastaik
different types of coal separately so as to avoid mix up of two types of coal. Mix up of coal is highly
detrimental for coke making. From the coal yard, coal is reclaimed through Reckainyea series of
conveyors gets transported to eitherstiers or silos as per prevailing system in different SAIL plants.

In some plants, coal from different soas areippled and carried by conveyors directly to the silos.
Care is taken to load sargeade of coal in the same silos, from where it is taken throwagigh feeders

to the hammer crushers and then the entire blended coal is transported to different coal towers
conveyors.

Crushing & Blending:

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

Importance of Crushing:

Coal is a heterogeneous mixture of organic and inorganic matéiiads.crushing of good coal leads to
increase in specific siace area of coal grains which will increase the quantity of plastic material
required for wetting and enveloping the inert material. Courser crushing of inferior coals leads t
generation of corser particles which are centers of weakness in cokexmBue to difference in the
plastic and shrinkage behavior of these inert rich particles and rest ohdahgecleal stresses are
developed and cracks appear adversely affecting coke qualitghi@gushould ensure minimum
differences between different siZctions. Organic materialsch particles are softer than those of
inorganierich or ashrich particles. Ash or inerts content is higher in larger size particles (>5 mm size)
and such partiels needs finer crushing The mineral matter/inert reaatponent should be crushed to
finer sizes compared to the reactive component for even dispersion of itiefepanthe coal charge.

Fine crushing of coal is essential to homogenize the diffardr@rent constituents of coal blend.
Crushing of coal is donley hammer crusher. Crushing also influence the bulk density of coal charge in
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the ovens. Bulk density is the compactness or close packing of the coal charge in the oven. Higher-
bulk densitybetter is the coke strength. It is desirable to havé 89 82% of-3.2mm size coal after
crushing. This is known as crushing Index. However over crushing is sialle a this reduces the
bulk density & increases micro fines which cause jamming irofiaske system.
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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 diers may have low ash and desired rank but poor cgkoperties. These properties
are additive in nature except Fluidity. As evidenced from the table undeerpespof oal the
Indigenous coals contain a relatively higher percentage of ash and g pooperties & Imported
coals contain a relatively lower percentage of ash and better coking properties.dtding of both
types of coal is necessary for obtaining the desired quality of coal blend. Blending plays a vital role |
producing good matlurgical coke. Blending is a process of mixing tlféedent types of coal, i.e. PCC,
MCC, Imported Soft & Hard, in different percentage to obtain the desiralitygof the blend coal.
However blending is to be done in a very accurate manner so thiteteqoke property does not get
adversely affected. Blending is generally done by adjusting the dischatifieint types of coal from
bunkers or silos to a common belt. The different type of coals gets thoroughly mixed during crushin
where blendings done before crushing. In case where blending i® ddter crushing proper mixing
takes place at several transfer points, i.e. during discharge from one cotweyothe conveyor
through a chute, during transportation to coal towers or service lsunker
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COAL BLEND QUALITY:

ASH 12% max

VM 23-25%

MMR 1.15t01.20

SULPHUR <0.7%

FSI 5t06
MAXIMUM FLUIDITY 300 to 600

MOISTURE 7t09 %

2.4 Carbonization Process

The process of converting blendat to metallurgical cokés known as carbonization. It is defined as
heating the coal in absence of air. It is also the destructive distillation of coal. The carbonization proce
takes place in a series of tall, narrow, roofed chambers made of refilatis/called ovens. A specific
number of ovens consilite a Battery. The ovens are mechanically supported by Structural &
Anchorage.

A battery can be classifieabs per sie & design. The most common classifications are:

a. Tall Battery i 7.0 m hght.
Small Battery 1 4.5/5.0 m height.

b. Recovery type batteryi Gas evolved during carbonization is collected and cleaned at by
product plant. This clean gas is then used as a fuel gas throughout the Plant. Differel
chemicals are extracted asjpducts during cleaning of gas.

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

c. Top charge batteryi Conventional batry with charging from the top. The charging cars
(machine that takes coal from coal towerct@arge the ovens) run ewthe oven top and
discharge the coal into the ovens through charging holes on the oven top.

Stamp charged batteryi A cake like mass is formed by ramming the coal and is charged
by pushing the cake into the oven from Pusher/Riaa.

Blend coal from coal tower is charged from tapthe ovens. Each oven is sandwiched between two
heating walls from which heat is transmitted to the coatgehansidethe oven. When coal is charged
inside an oven, it gets heated up to form a mastss which rsolidifies to form coke near the heating
walls. The heat passes to the next layer of coal and so on till they meet at the center. During the proc
of carbonization the coal charge first undergena®sturisation (drying) upto a temperatusf 250°C.

Then it starts to soften at around 300°Cthien reaches a plastic or swelling state during 350°C to
550°C. The entrapped gasses are then driven el@0&C to700°C. The calorific value (CV) of Coke
ovens gas is around 4300 kcdl/fthe gass cooled to 8C by ammoia liquor/ flushing liquor. The
mass inside the oven thengelidifies (shrinkage) beﬁlgnd 700°C. Finally coke is produced as a hard &



porous mass at around 1000°C.The total time taken for full carbonization is called coking ¢wkang
period. The hot coke is then pushed out frbmm dvens. The hot coke is then cooled by water spray or
dry nitrogen purging. This process is called quengloihcoke.Generally coke is cooled by water spray
for a period of 90 seconds and termedjasnching time. The coalecoke is then sent to Coke Sorting
Plant for proper sizing & then to Blast Furnace.

Major Equipments:

Maj or equi pment 6s/ machines used in the proces:

Q Charging car: It collects the blended coal from coal ta®&eharges to empty ovens.

Q Pusher Car or Ram Car: ltarictions are to level the charged coal inside the oven during
charging & to push out the coke mass from iaghie overafter carbonization.

Q Coke Guide Car: It guides the coke mass during pushingtQdenching car.

Q Quenchimg Car: It carries the hot coke to quenching tower & dumps the coke in the wharf

after cooling.

These machines have a lot of mechanical and electrical engineering devices in them. They hg
hydraulic operating systems run by VVFINgriable voltage and variable frequency drive) drives
controlled by PLC (Programmable Logical Controller) system. They are connected by radar base
communication sstem whichinvolves state of art technology.

OQuenching of Coke:

There are two method of guching the hot coke:

1. Wet Quenching This is the conventional quenching system, where the red hot coke is cooled b
spraying it with water (phenolic water / BOD water). The coke thus produced contains aroun:
5% of moisture.

2. Dry Quenching: In this systemthe redhot coke is discharged into a closed chambigererit is
cooled by purging nitrogen into it. The sensible heat of the hot coke is recovered to produc
stean. The col thus produced contains around 0.2% of moisture and is of good quality.

COKE SORTING PLANT :

The coke, after wet quenching is dumped from the quenching car to a long inclined bed called wha
The Quenching car operator should dump the quenched coke uniformly on the wharf from one end
the other. Quenched coke should be allowedrmane in the wharf for about 20 minutes (retentiomet)

so that the heat remained inside the coke comes out & evaporates the surface moisture. To maintain
retention timewharf is to be emptied out from one side & gradually progressing tthikee sde. If any

hot coke remains after quenching, then they are cooled by manual water spray and is known as s
guenching. However this spot quenching is undesirable as it increases the moisture content in coke.
cooled coke is then taken to an 80 mm strédéhe +80mm coke fractions are sent to coke cutter
crusher to bring down the size. The hard coke of size +25m80tom size are then segregated to send
to Blast FurnaceCoke fraction of +15mm te25mm, which is called Nut coke, is also segted & sat

to Sintering Plants. Thel5mm fractions, called fine breeze or breeze coke, are also sent to Sintering

Plants.
23



In case of dry quenching, the coke is discharged from the chamber and passes through tlecease p
of sizing and screening.

25 PROPERTIES OF COKE

ASH:

Ash in coke is inert & becomesn of the slag produced in the Blast Furnace. Hence, ash in coke not
only takes away heat but also redudes aiseful volme of the furnace. Hence it is desirable to have
lower ash content in the coke.dHesired ash content is less than 15%.

VOLATILE MATTER (VM):

The VM in coke is an indicator of completion of carbonization & hence the quality of coke produced. |
should be as low as possible, i.e. < 1%
GROSS MOISTURE (GM):

It has got no e to play in the furnace. It only takes away heat for evapon. Hence least moisture
content is desirable. However during water quenching certain amount of mdssinegitable A level
around 4.5% is desirable.

MICUM INDEX:

Micum index indicates the coldirength of coke. N value 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 strengtmsiganpat load. Coke having
lower My value will crumble iside the furnace which will reduce the permeability of the burden and
cause resistance to the gasses formele furnacgo move upwards. A good coke should have @ M
value more than 80.

COKE REACTIVIT Y INDEX(CRI):

Coke reactivity determines percent weight loss of coke, as a result of carbon dioxide action on the co
at temperature 1100 . It i's the capacity of
atmosphere inside therhilace. Hencéess the CRI value, better is the coke. Desirable value should be in
the range of 21 24.

COKE STRENGTH AFTER REACTION (CSR):

It denotes the strength of theke after passg through the reactive environment inside the furnace.
CSR for a good coke ehld be in range of 686. It is also known as hot strength of coke.

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

The size of coke is most important to maintain permeability of the burden in the furnace. The require
size forBlast Furrace is more than 25mm size & less than 80mm size. If the undersize is more th
permeability decreases as smaller coke pieces fill up the voids & increase ttancesisttheldéw of
outgoing gasses. If the oversize is more the surface area of coke feattions reduces. Hence the size
of the coke is to be maintained between +25mpr8&mm

ROLE OF COKE IN THE BLAST FUR NACE:

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

It acts as a fuel.

It acts as a reducing agent.

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

(I B O O

2.6 Coal Chemicals

Process of heating coal in absence of air to produce coke is called coal carbonizdéstiuative
distillation. Purpose of coal carbonization is to produce coke whergamduact is coke oven gas. From
cokeoven gasyarious by products like tar, benzol, naphthalene, ammonia, phenol, anthracene etc. a
produced. Generally high temperature coal carbonization is carried out in coke oven battery ¢
integrated steel plants at temp of 1AW0 deg. Centigrade.

In the by-product plant major byproducts like tar, ammonia and crude benzol are recovered from th
coke oven gas evolved duringat carbonization. The output of the gaseous products, their composition
and properties depend on the coal blend used fongotheheating regime & the operating condition of
the battery.

Tar separated out of coke oven gas as a mixture of large quantities of various chemical compoun
From tar, a number of products are separated in the tar distillation plant which have market demat
Among the tar products, naphthalene is the costliest item & its yield3% 80 of the tar distilled. Other

tar produts are road tar, Anthracene, pitch creosote mixture, medium hard pitch & extra hard pitch etc.

Ammonia in the coke oven gas recoered as Ammonium sulphate, which is used as a fertilizer in
agriculture sector. Output of crude benzol depends on the V.M content in the coal blend and temperat
of coking. Light crude benzol is rectified in benzol rectification plant and the benzalgtsoobtained

are benzene, toluene, xylene, solvent oil etc. Yield of benzol products varies #@83036f the crude
benol processed. The by products recovered in the process are very important and useful .Tar is us
for road making and as él in furnaces. Pitch is used for road making. The benzol products like
benzene, toluene, phenol, naphthalene and xylene etc. are important inputs for chemical industr
producing dyes, paint, pharmaceutical, insecticide, detergent, plasticiser and leather.products
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The coke oven gas from Coke ovens contain lot of impurities, which needs to be properly cleaned befc
being usedas a fuel gas for Coke Oven heating as well as elsewhere in Steel Plant. The impurities
coke oven gas are mainly tar fog@mmonia, naphthalene, hydrogen sulphide, benzol, residual
hydrocarbon and traces of HCN. Cleaning of coke oven gas is done by passing it through a series
coolers & condensers and then treating the gas in ammonia columns, saturators, washers,
precipitators,naphthalene washers, benzol scrubbers etc. for removal of these impurities. After th
cleaning operation, the final cokeen gas still contains traces of impurities. Quality of coke oven gas
depends on the contents of various impurities ankeigg value Typical analysis of impurities in good
guality coke oven gas is as followkar fog: 30 mg/Nm3 £ 10mg, Ammoni80 mg/Nm3 £ 10mg,
Napthalene250mg/Nm?3 + 50mg, Hydrogen Sulphid200 mg/Nm3 + 50mg, HCNTraces, CnHm1.5

to 2.5% .

2.7 By Products Plantsof 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 ¢
Gas is used as fuel ihg plantFollowing process are involved in cleaning the gas.

TAR AND LIQUOR PROCESSING PLANT

The tar and liquor processing plant process the flushing liquor that circulates between the by prodt
plant and the coke oven battery. It also psses the waste watthat is generated by the coke making
process and which results from coal moisture and chemically bound water in thélto®ainain
functions of these plants are as follows:

1 Continuous rapid separation of a suitable flushing liquor streams.iF thevery important
function since flow is needed to cool the hot oven exit gases down to a temperature which can
handled in the gas collecting system.

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

1 Separéon of clean tar gsentially free from water and solids.

Since the flushing liquor supply is very important, stand by equipment are hprpralided for
flushing liqguor decanting and recirculation. The flushing liquor flows into tar decanters where the ta
sepaates oufrom the water and is pumped to tar storage for processing in tar distillation plant. Heavie
solid particles separate out from the tar layer and these are removed as tar decanter sludge. The aqu
liquor is then pumped back to the teay, with a portia bled off from the circuit which is the coke plant
excess liquor or waste water. This contains ammonia and after therfretnoval of tar particles, it is
steam stripped in a still.

PRIMARY GAS COOLER

After separation of tar and ammotiguor from gas, gas is fed into gas cooler where temperature of gas
is lowered down by means water sprinkling. Primary gas cooler are two basic types, the spray ty]
cooler and the horizontal tube type. In spray type cooler the coke ovenagaded by direct aostact

with recirculated water spray. As the coke oven gas is cooled, water, naphthalene and tar conden
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out. The condesate collects in the primary cooler system and is discharged to the tar and liquol
processing plant.

ELECTROSTATIC TAR PREC IPITATOR

As the raw coke oven gas is cooled, tar vapour condenses and forms aerosols which are carried al
with the gas flow. These tar particles contaminate and foul downstream processes and foul gas lines
burner nozzles if allowed to conue in downstreamThe tar precipitator typically uses high voltage
electrodes to charge the tar particles and then collect them fromashbygmeans 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 further processing. Another function of the exhauster is to maintain steady suction as f
requirement so as to nmaain the hydraulienain or gas collecting main (GCM) pressure. The exhauster
is of prime importance to the operation of the coke oven patteallows the close control of the gas
pressure in the collecting main, which in turn affects the degree of emissiba Watterylike door
emission. A failure of the exhauster will immediately result in venting to atmosphere all the generate
the raw coke oven gas through the battery flares / bleeder.

AMMONIUM SULPHATE PLANT (ASP)

Due to the corrosive nature alnmonia, its rema/ is very much necessary in-pyoducts plants. The
removal of ammonia from coke oven gas results into yield of ammosilpphate The ammonium
sulphate processes are basically involves contacting the coke oven gas with solution of sulphuric aci
Raw cdke oven gas from Exhauster outlet is passed through the saturators filled with Sulphuric Aci
(H2SOy), where ammonia present in the gas is precipitated in the form of ammonium sulphate. Acidit
of the saturator liquor is maintained &#3to 5 %. This ammuum sulphate is sold as Fertilizer.

FINAL GAS COOLER (FGQC)

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

BENZOL RECOVERY PLANT (BRP)

Benzol present in the raw coke oven gasmaved in this unitThe gas is passed through solar oil /
Wash oil in the scrubbers. The benzol gets absorbed in the oil. Benzol rictiediltcs distillation unit
where oil and crude benzol are separated. The oil is reused in the scrubbers. The clean gad®isven
useal by the consumers through gas net work maintained by Energy Management Department.

NAPTHALENE REMOVAL

Naphthalene is removed from coke oven gas in a gas scrubbing vessel using wash oil. The vessel cal
of packed type and it can loé the void type inwhich the wash oil is sprayed into the gas in several

stages.
27



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

apop

TAR DISTILLATION PLANT (TDP)

Tar recovered from GCPH is 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)roces
this process sulphur is converted to Sulphur tri oxides$0Opresence of catalyst Vanadium pentoxide
(V20s) and the to Sulpluric acid. This acid is used in Ammonium Sulphate plant for removal of
ammonia from raw coke oven gas.

PETP / BOD PLANT

In Phenolic Effluent Treatment Plant (PETP) or Biological Oxygen Demand (BOD) Plant, the
contaninated water geneted from whole of coke 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 piaat

Ammonia : 50 ppm
Phenol : 1 ppm

Cyanide : 0.2 ppm
Tar & Oil : 10 ppm

Coke Oven Gas (CO Gas):

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

Hydrogen - 50 to 60%
Methane - 25 to 28%
Carbon Monoxide - 6 to 8%
Carbon Dioxide - 310 4%
Other Hydrocarbons - 2 t0 2.5%
Nitrogen - 2t0 7%
Oxygen - 0.2100.4%
Calorific value - 4300 kcal /
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28 Pollution Control Norms

To protect the environment, Central Pollution Control Board (CPCB) has laid down strict pollution
control norms. The different norms for coke ovens with respect to PLD (Percerdak@d- Doors),
PLO (Percentage Leaking Off take), PLL (Percentage Leaking Lids) and Stack Emission are as follow:

FACTORS NEW BATTERY EXISTING BATTERY
PLD 5 10
PLL 1 1
PLO 4 4
SO 800 mg/Nmi 800 mg/Nmi
Stack Emission 50 mg/Nmi 50 mg/Nmi
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 pollutiofree. Its main thrust is to make Land, Air & Water free of pollutants.

29  Safety

Safety is the single most important aspin thesteel industry. This aspect covers both personal as well
as equipment safety. The use of PPE s (Personal Protective Equipment) is a must for the employee
the shop floor. The use of PPEs like safety helmet, safety shoes, hand gloves, gas maskistdrgat res
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 éifftesteel plants, are to
be strictly followed bfore takingany shutdown of equipment for maintenance.

The stipulated SOPs (Standard Operating Procedure) and SMPs (Standard Maintenance Proced
should be adhered to strictly.

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

A life lost due to any unsaf&ct is an irreparable loss to the company as well as to the family warich ¢
not be compensated.

5-S SYSTEM (WORK PLACE M ANAGEMENT):

5 S system is an integrated concept originated by the Japanese for proper work place managem
Takasi Osada, the author of this concept says 5 s activities are an important aspect of team w
applicable to all places.
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1S

2S:

3S:

43S

5S:

2.10

'seirii Itisthe pocess of distinguishing, sorting & segregation between wanted
& unwanted items in a work pla& removal of the unwanted.

seitoni Itisthe process of simmatic arrangement of all items in a suitabéee.

seisd

It is the process of proper house keeping of the work place including cleaning of all
equipments.

'seikestu Itisthe process of standardization

shitsukei Literal meaning of shitsuke is discipline. It is {hi®cess of following the system

meticulously.

ISO45001:2018 (Occupational Health and Safety Management System

OH&SMS provides a formalized structure for ensuring that hazards are identified, their impact
on staff assessed and appropriate confpolsin place to minimize the effect. It furthessists a
company in being legally compliant, ensuring appropriate communicationocasdltation with

staff, ensuring staff competency and having arrangements in place tovittedbreseeable
emergenciest is not concerned with the safety of the produdtsoenduser.

It is compatible with the established ISO 9001(Qualiasnd I1ISO 14001 (Environmental)
managementsystem standards. This helps to facilitate the integration of the quality,
environmentahnd occupationahealthandsafetymanagemergystemswithin the organization.

Impactsof fully implementedDH&SMS are:

(a)
(b)
(©)
(d)
()
(f)

Risksandlosseswill bereducedand/oreliminated
Reducedaccidentsincidentsandcosts

Reliableoperations

Complianceo rules,legidation, companystandardsindpractices
A systemati@and efficientapproacho healthandsafetyat work
Positivecompanyimageandreputation
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Chapteri 3

SINTER PLANT

3.1 Introduction

Sinter Plant agglomeratesron ore fines with other fine materialsat high temperature, such that
constituent materials fuse together to make a single panass.

A large quantity of iron ore fines is generated in tmees, which cannot be chargécectly into the
Blast furnace. Moreover many metallurgical wastesgaereerated irthe steel industry itself, disposal of
which is very difficult. In order to consume trogherwise waste finenaterials, they are agglomerated
together and made into lumpg a process known aSINTERING.

Sintering is the process of agglonteya of fines (steel plant wastes) by incipiémsion causedoy heat
availablefrom the fuel containedin the charge.This technology was developed for the treatment of
waste fines in the early 2@entury.Since then sinter has become the widely acceftpreferred Blast
furnace burdematerial.

Rawmaterialsusedin SinterPlant

1. Ironore fines
2. Lime stonefines

Dolomite fines
Cokebreezdines
B.O.F.Sludge

Burnt Lime

Mills Scale

B.O.F.Slag/ L D slag

BF Returnfines
InternalSinter Returnfines

3.2  Sintering Process

The Ironore fines, lime stone fines, dolomite fines, lime dust, coke breeze andnothalturgical
wastes are proportiondzhsedon chargecalculation. These chargleus mixed in a balling drum with
the addition of water and thdoaded into gratesf moving pallets. The purpose of Balling drum is to
mix the raw materials (calledasemix) with waterand make balls. After mixing and ball formation(
nodulization

) this base mix (now called green mix) is loaded on moving sinter magillets HEARTH LAYER
which consists of finished sinter of size fraction 10 to 20forms the bottom layer. Green mix is
loaded above the hearth layer. As soon as thesenaterials reaches the ignition furnace, Top layer of
green mix chargas ignitedin the IGNITION FURNACE by burning of gasesmainly CO gas. Air

is drawn
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downwards througlExhausteror WasteGasFans.The heatfrom top layer isgradually transferred to
subsequent bottom layers. . Due to burning of coke partdeding take placedbween the grains and

a strong & porous aggregate is formech o wn as A SI NTERO. This sinter
layer coke fineourningis completed.

The sinter cake is then crushemoled, screenednd dispatched to Blast furnackhe ideal ste of
sinter required in blast furnace is in between 5mm to 40mm.- Bmem size sinters arescreened
returnedbackto sinterbins.

TERIRRRIL

Figl: SinterMachineat SP3, Machinel

SinterMaking
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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. Ighitierfuelproceeds
on the surface of chard®/ a special ignition arrangemerdalled ignition furnace (where gaseous fuel
is burnt to produe high temperature ignite thefuel in sintermix)

SimntcESs g

CO2 heatis evolved

a0 + GO,

REDUC TION:
3Fe,0,+ CO _——, 2Fe,O,+ CO,
O,+ CO _—, 3FeO + CO

The gasesusedin ignition furnaceare mainly coke oven gasor mixed gas. Mixedgasis combination
of coke oven gas and blast furnace gas. Further the combustions continued due to suction of air
through thdayers of thecharge by means @&xhaustersDueto this, the processof combustionof fuel
graduallymovesdownwardsup to the grates.

Fromthe schemeobtainedin a few minutesafterignition, it is observedhathe sinteringprocessan
bedivided into six distinctzones:

1. Zoneof Cold Sinter (60to 100°C)

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

6. Zoneof Re-condensatin of moisture (60to 30°C)

In all the zones except the zone of combustion, the reactions taking place ar¢heunefyf whereain
thezoneof combustionreactionsare thermaland chemical.

The maximum Temperature attained in the zone of combustidh ve 13001350°C. The vertical
speedf movemenbf thezonesdepend®onthe verticalspeedof sintering.

Heatfrom the zoneof readysinteris intensivelytransmittedto the suckedair. In the
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zone ofcombustion of fuel hot air and preheated chamees into contact with eaother
which with the burning fuel will result in the formation of high temperatiaximum
temperature will be developed in this zone and all the physieahicalprocess takes place
resulting in the formation of Sinter. Indhzone of préheating theharge is intensively
heated up due to transfer of heat from the sucked prodecindbustion. In the zone of-re
condensation of moisture, the exhaust gases daodnling transfer excess moisture to the
charge. Temperature ofisizone sharplgecreaseandwill not increasdill all the moisture
is drivenoff.

As the fuel in the zone of combustion is burnt away, Sinter, the height of witidases
towards the grates, is formed above this zone from the red hoflaghmassforcing out
subsequent zones. Disappearance of the zone of combustiontheeand of sintering
process.

The sinter cake is then crushedpled, screenea@nd dispatched to Blast furnadde ideal
size of sinter required in blast furnace is in betwedmm to 40mm. The5mm size are
screened returnedback to sintebin. (CalledIn plantreturn fines)

Following Approximate charge proportion will be required to make one t@mtdr(Wet
basis):

Orefines : 750-825kg
Coke : 65-70Kkg
Mill scale+ 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. Quiality of Inputraw materials

a. Qualityof Ironore fines :
: +10 mmshouldbe nil
: -Immshould beB0% maximum
: Alumina (Al ,03) 2.55%maximum
: Silica (SiOy) 2.91%maximum

Increase in +10mm fraction will result weak sinter & low productivityncrease iri 1mm
fraction will decrease bed permeability resulting in lpwoductivity Increasein % of
Alumina increasesRDI (ReductionDegradationindex) resulting ingenerationof 1 5mm
fraction& also resultingn chutgamming(Dueto high Aluminain Base/Mix.
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With increase of SiO2 level in Iron ore fines, glassy phase in sinter increasesuaes
brittlenessin sinter.
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b. Qualityof Flux
: -3mmfractionshouldbe 90% minimum (Crushingindex)
: Lesscrushingindexresuls infreelime, causingweaksinter

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

2. Moisture:

Moisture in the form of water is added in the base mix in Mixing/Nebulidnugn. Water

acts as binder of base mix. Addition of water in base mix playsmpartant rolein sinter
bed permeabily. Ideally 7 to 8% of total base mix ofateris used. Higher % of water
results in low permeability & less sinterisgeed. Less % of water resultsless balling,

hence less perrmaeility, resultngin low productivity.

3. Ignition furnacetemperature:

Ignition of sinter mix is carried out througgnition hearth where a temperatuil1150 to
1250°C is maintainedby burning gaseous fuel by the help optimainigasratio.

32.5%o0f CO gas& 67.5%o0f BF gasis usedto maintaincalorific value 1900kcal/ni. Now
a day Sintering Plant, Bhilai Steel Plant uses Coke Oven Gaslafific value 4150
Kcal/Nm3.

Very Higher hearth temperature results in fusing of sinter at top layer. Thisestde bed
permeability, hence low productivity. Low hearth temperatgsults inimproper ignition.
The sintering process will not be completed, heieeam fractiorwill increase, i.ere-
circulatingloadwill increase.

Note- BF&CO gasmixing ratio and calorific value varies in different plantsof SAIL

4. Coke rate:

Coke a&ts as a solid fuel in base mix in the sintering process. It is normally @% &b
total charge. Higher coke rate will fuse the top layer, thereby decreasingpethe
permeability. Sticker formation will increase.Low coke rate will resultin incomplete
sintering.

5. Machinespeed

The speeaf sinter machine can be varied as per the condition of sintering pr&Jd3s.
(Burnt Through Point) temperature decides the completion of sintering prdtess.

observed normally in second last wind box from disgle end side of sintenachine
where theemperatureeachesip to 400°C (approximately) Highermachinespeed Jower
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BTP causes moiémm generation, hence lower productivity. Lower m/c speed,ehigh
BTP temperatureausesow productivity.

Note: BTP: Exhaustgastemperaturavhich indicatesthe completionof sinteringorocess
iscalledBTP. It is approximatelyaround400degreecentigrade.

Crushing, Cooling & Screeningof Sinter

The finished Sinter cake is then crushed to the size of 100mm by usihgrst@oling

of finished crushed Sinter is then done on cooler by means of air bl¢fmersd draught
fans), so that cooler discharge end temperature is abe80 @kgreeentigrade. For
effective cooling, bigger size of sinter should be ortbm porton &smallersize should

beonthetop.

Finally variousfractionsof Sinterare screenedut.-5mmfractionof sinter,returns back to
bunkers. 15 to 20mm fraction is also screeneut to be used asearthlayer. Restsizes
goesto blastfurnace After saeening,+10mm fractionshouldbe 65%minimumandi 5mm
fractionshouldbe 6% maximumasperrequiremenbf blastfurnace.

Advantagesof using Sinter

1. To utilize the ore fines generated at minegans¢form to an acceptable feiadblast
furnace

2.  To utilize economicallyall the metallurgicalwastedike Mill scale,L.D slag,B.O.F
slurry, 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 flutakes place in sintestrand, supefluxing savesnuchmore
cokein thefurnace.

5. Increaseof sinter percentagen Blast Furnaceburden,increaseghe permeability,
hence reduction and heating raté burden increases, so th@oductivity also
increags.Cokerate isalsoreduced irBlastfurnace.

6. Minimal fraction of total mass of impurities, Viz. sulphur, phosphorous, aika]i
is reduced

7.  Improvedquality of hot metal.
8. The softening temp. of sinter is higher and melting zomaisw. Thisincreags the

volume of granular zone and shrinks the width of cohesive zonsequently,the
driving rateof BF becomebetter.
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PROCESSFLOW DIAGRAM OF SINTER PLANT
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3.3 Quality Parametersof Sinter (Subject to Requirementof BF)

Chemicalcomposition Physi@l composition

1. FeO % 8.0t0 11.0 | Sintersize 5mmto 40mm

2. MgO % 2.6t03.0 Meansize 18mmto 21mm

3. Available lime| 3.4t06 DTI 70% MIN
(Ca0Si02)%

4. As per BF RDI 30%MAX
Requirement

5. Si02% 4.8t05.2 +10 mm 65 % min.

6. Al203 % 3.0 +40mm 9 % max.

7. Basicity. 1.6t02.1 -5mm 6% max.

Note Quality parameterf sintervariesin different plantaunderSAL.
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Quality parameter definitions:

Tumbler index (DTI): The cold strengtlof sinter is determined by the tumbler teshd
depend on the strength of each individual ore compbnéhe strength of théonding
matrix components and the ore composition. This test determines thedimtiondue to
impact and abrasionof the sintersduring their handling, transportation, and in theldst
furnace process. Studies of the fracture strengeweéral mineral phases have allowed the
following order to be established: primafyr residual) hermtite > secondary hematite >
magnetite ferrites. Cold mechanicatrength is directly related thi the tendency for fines
to form during transpation andhandlingbetween the sintenachineand theblastfurnace
throat.

Reduction Degradation Index (RDI)

Sinter degradation during reductiamlow temperature isnore usually determinedy the
RDI datic test ,which is carried out at 550 °C. Low values are desirabthisoindex. The
RDI is a very important parameter that is used as a reference smtaiing work and
servesto predict therger's degradation behavior in the lower pétthe blast furnacestack.

Somecritical terms/parametsiused/monitoredn sinterplant:

Percentage presenceid@mm fraction of coke in any sample
termed as coke crushing index. For better sintering process
crushingindexshouldbe morethan85%

Coke crushing index

Percentagpresencef i 3mmfractionof flux in any samples
termedasFlux crushingindex.Forbettersinteringprocesd-lux
crushingindexshould benorethan90%

Flux crushing index

Burn through point temperatureindicatesthe completion of
sintering procesdt is normally around 400 degree Celsius i
is normally found in secondlast of wind box from discharge
endof sintermachine.

Burn Through Point
(BTP)

3.4 Main Areas & Equipment

Main Areas Equipments Functions

Sinter making & | Ballingdrums To mix & pelletize

Cooling bldg. Sinter pallets Sintering takes on it
Screens Screensutdiff. sizes
Crushers Crushessintercake
Coolers Cools/ Normalizesinter

Exhausters High capacityfans To suckair belowgrates
Battery cyclones To cleanExhaustair
ESP To cleanExhaustair
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Proportionng Bins | Electronic feeders For adjusting feeding
Conveyors Transporchargemix.
Bunkers Storerawmaterials

Coke& Flux Roll crushers For crushing coke

Crushers Rod Mills For crishing coke
Hammercrushers ForcrushingFluxes
Grabcranes Forlifting coke

TechnoEconomics

1. SpecificProductivity : Sinterproducedpersquaremeterperhour

2. SpecificHeatconsumption : Gasconsumegerton of sinter

3. Specfic Powerconsumption : Powerconsumegerton of sinter

4. SpecificCokeconsumption : Cokeconsumed peton of sinter

5. Specific Fluxconsumption . Flux consumegberton of sinter

In orderto producesinterat lesscost, specific productvity of sintershouldbe as
high agpossible& all other four parameters sHdbeaslow as possiblé&eeping
quality parametersinderconsideration.

Advantagesof Sintering

=

3.5

1.

2.

Betteruseof the hugequantityof iron orefines generated ahnines.

Gainful use of various metaligical wastes like flue dust, mill scale, lime dust,
sludge, etc.

Use of super fluxed sinter eliminatesmn flux from the blast furnace burden. This
leads t@onsiderableokesaving and productivityimprovemenin blastfurnaces.

Due to the higher reducibility of super fluxed sinter, direct reduction of iraheox

is enhancedwhich contributes to furthecokesaving.

The softening temperature of sinterhiggher and the softening melting zone is
narrower.This increases the volume of granular zone anihlshithe width of the
cohesive zoneConsequentlythe diving rateof the blastfurnaceimproves.

Hot metal quality (from the SMS point of view) improves due ltiwer silicon
content and higher hot metal temperature. A higher hot metal temperature
contributes to bettesulphur removafrom the hot metal.

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

Blastfurnaceoperations morereliableandefficient

Safetyhazardsat Sinter plant

Dust polldion : As lot of finer particlesare used in sintering,there causing
lots of dust pollution. Efficientunningof ventilation is must.

Use of dust mask is essential. Chimrigjack 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.
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3.6

3. Noisepollution: Tremendousamountof air is suckedthrough exhaustdans.

Slight leakages anywhere in suction line or exdtarresults
in high level of noise. Air compressor, chiller urilemmer
crusher, coke crusher are also high noise generatagsin
Sinter plant. Use dEarplugis essential.

ISO _45001:2018 (Occupationa Health and Safety Management
System)

OH&SMS provides a formalized structure for ensuring that hazards are identified,
theirimpact on staff assessed and appropriate controls put in place toizeitina
effect. Itfurther assists a company in beingdiyg 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 gsduser.

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

Impactsof fully implementedDH&SMS are:

a) Risksandlosseswill bereducedand/oreliminated

b) Reducedaccidentsincidents anatosts

c) Reliableoperations

d) Complianceo rules,legislation,companystandardseindpractices
e) A systematic andfficientapproab to healthandsafetyat work

f) Positivecompanyimageandreputation
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Chapteri 4
BLAST FURNACES

4.1 Introduction

BF is a counter current heat and mass exchanger, in which solid raw materciarges

from the top of the furnace and hot blast, ist$brough the bottom via tuyeres. The heat is
transferred from the gas to the burden and oxygen from the burden to the gas. Gas ascen
up the furnace while burden and coke descend down through the furnace. The counte
current nature of the reactions makbs overall process an extremely efficient one in
reducing atmospher&he real gowth of blast furnace technology came with the production

of high strength coke which enabled the constructionrgelaize blast furnaces.

4.2  Raw materials and their quaity

In India steel is being produced largetydugh the blast furnace. Iron ore, sinter and coke
are the major raw materials for blast furnace smelting.

Raw materials:

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

Iron ore: Iron bearing materials; provides iron to the hotahdton ores is available in the
form of oxides, sulphigs, and carbonate, the oxide form known asatiéen(red in colour)

is mostly used in SAIL plants. It is the principal mineral in blast furnace for extraction of
pig iron, generally rich in iron content varying from 62 % to 66 % associated often with
natully occurring fines {L0 MM) to the extent of 20 %. Although relatively free from
impurities like phosphorous, sulphur and copper, tiexe high aluminend silica contentas
gangue The high aluminaontent makes the slag highly viscous and creates pnelbfier
stable furnace operation.

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 fonestone which is easily available in a steel plant.
Its usage helps in waste wdtion and thus reduces production cost.
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Quartzite: It acts as an additive.Quartzite is a mineral of Si€llica) and under normal
circumstances contains about B®7 % d SiO, rest being impurities. Quartzite plaits
role in counteracting the bad effects of high alumina in $lagugh maintaining optimum
slag basicity.

Manganese ore It acts as additive for the supply of Manganese in the hot metal.
Manganese ore is alable in the form of combined oxides of Mn and Fe and usual content
of Mn is abou2871 32 % for steel plant use, However Manganeseagesiable with SAIL

is having high alkali contents so it shdude used judicially.

Coke: Itacts as a reductant and Kuesupports the burden and helps in maintanin
permeable bed. Coke (metallurgical) used in blast furnace both as fuel & reducing agent.
The Indian coal is characterized by high ashi(3® %) and still worse, a wide fluctuation

in ash content, poor colgrength leading to excessive generation of fines, rapid fluctuation
in moisture catent etc. The problem of poor quality coke has beekled by adding
imported coal 15-95%) in the indigenous codlend to get a coke ash of 136 %.

Sinter: It is iron bearing material. Fines that are generatatiénplant/mines are effectively
utilized by converting them to sinter. It provides the extra lime required for the iron ore and
coke ash that is charged in the blast furnace. Sintering is the process ofegtjtmmof

fines (steel plant waste and iron ore fines) by incipient fusion cduyskdat available from

the coke contained in the clgar The lumpy porous mass thus obtained is known as
Asintero.

Scrap (Steel / Iron): Scrap is generrated in the procesproduct making in a steel plant
which is ganfully utilized by back charging in the Blast Furnaces. It increases the furnaces
productivity and reduces the production cost.

Pellets It is also an iron bearing materials. The mifirees which cannot be ad for sinter
making can be used for pellet manufacturing and the pellets forntieblewsharged in the
BF.

Coal dust Injection: It acs 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 Meghahatuburu|tuburu Meghahatuby u
Meghahatubur| Kiriburu ru Bolani
u Barsua
Kiriburu Gua
Manoharpur
Limestone | Nandini Kuteswar Kuteswar Jaisalmer 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
Quality of raw materials
Material Chemical Analysis | Specification Size Other properties
Fe 61.0% min. Softening Melting
. range:
Oreérl_cl’l”mps) Sio, 25+05% 1%;0 1100-1400¢e C
P 0.10% max.
Al>,O3/SiO, 0.70 max.
RDI(Reduction
Fe 50-58% Degradation Index)
<30
FeO 2.10% ) RI(Reducibility Index)
Sinter . 5140 | >65
Si02 4-6% mm Tumbler Index >70
ALOs 3% Softening Melting
range:
CaO 971 13% 12007 1450C
MgO 217 3%
N CRI(Coke Reactivity
Coke Ash 131 15% 2571 80 | Index): 21-23
VM(VOLATILE <1% mm CSR(Coke Strength
MATTER) after Reduction) > 64
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Moisture 5+0.5% M40 >80%
S 0.5-0.6% M10 <6%
FIXED C 82- 85%
‘ C.aO 38 % min. 107 40
Limestone SIO, 6.5+1% mm
MgO 8.5+ 0.5%
CaO 40.8+ 1% .
107 40
LD slag MgO 10.5 £ 0.5% mm
Sio, 15.50%
Mn 30% min.
Mn ore Sio, 30% max. 2571 50
Al,03 5% max. mm
P 0.30% max.
FIXED C 60-70%
VM(VOLATILE 80 % <90
CDI coal MATTER) 20-25% microns
Ash 971 11%
. SIO, 96% min
Quartzite ALOs 1 5% max 2550 mm
Charging:

High lines and Stock House

High lines: The main responsibility of high lines section is to receive the raw materials
required for the productionf hot metal from various sources, storing and transpy
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 soteaasi@aded in

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

Raw materials from the ore yard are charged byablétmeans into the respective bunkers.
Alternately insome 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 lghis 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.
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Coke (251 80 mm)from coke sorting plant (CSP) is supplied to twke bunkers of the
blast furnace with the help of ceeyor beltsand the undersize are returned through
conveyor belts.

Stock house:The bunkers are provided with a vibrofeeder, which feeds the material to the
conveyr beltscreen.The BF size materialsi fed to a weighing hopper through ore
discharge conveyor. The weighing hopper discharges the material into the skip. There are
conveyors to remove the return fines from the system.

e e WS ——
BLAST VOLUME T O OVERVIEW B8F PARAMETERS
BLAST PRESSURE
BLAST TEMP UPTAKE TEMP

OXYGEN FLOW

Hoist house:

For takng charged materials to the furnace top, -tmay skip hoist with 2 skips are
provided. The hoist houseperates 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 gkiare

BunkersA vibro feedeA conveyorbeltsA weighing hoppek skip car.
BunkersA vibro feedeA weighing hoppek skip car.

Raw materials including coke are transported and collected into high line bunkers/Stock
house placed near the furnaced #men properly screened and weighed. Weighirdpise

either by scale car or by load cell. These batchmportions 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 maintained in such a fashion that elte layers of coke

and irorcontaining burden (sinter and iron ore and fluxes) are formed inside the blast
furnace.
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4.3 Blast Furnace and accessories

Blast furnace is basically a counter current apparatus, composed of two truncated cones
placed base tbase.

The sections from top down are:

Throat, wherelte top burden surface is.

The shatft 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 mmpleted and the ores are melted down.

The hearth, where the hot metal and slag is collected and is cast via tbeegap h

=A =4 =4 -4 -4

>\

Uptakes x4

Stockline

Total
volume

Working
volume

Stack cooling plates

Bustle pipe

Casthouse
floor

Skip (dump car)
glast furnace
waste gas

Refractory

last furn
ko ace Iron ore

COKE  and limestone

Charge

Slag drain
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BF Proper

INPUTs
Coke + Iron Ore + Siner + Pellet + Scrap + LDSlag /
Limestone, Quartzite

OUTPUTs

Hﬂtgasesa Raw BF Gas + Flue Dust

out

1500 °C

2000 °C

INPUTs
Hot Blast + Steam + Oygen

Enrichment + CDI Hot air in
Molten OUTPUTSs
Hot Metal & Slag
Iron out

The entire furnace is lined with suitable refractory and in addition to refyatitdng,
there are water coolers, designed to enhdmedife of the furnacedn a blast furnace,
fuel, Iron ore, sinter and flux (limestone) are continuously supplied through the top
of the furnace, either throughdouble bell system' or 'bell less . In 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 apparatus the descending stream of raw
materials extract heat from the ascending stred gas generated from the burning of
coke at the tuyer level. The ascending stream of gas contains CO (carbon monoxide),
nitrogenand hydrogen.Theascending reducing gas(CO ahadines in contact with the

iron orethusreduction (this reduction is calléndirect reduction) of iron ore takes place at

the upper part of the stack (temp less than 900 °C). Coke in theofddhalso takes part

in the reduction (temp greater than 900 °C) and this reduction is called direct reduaction.
the hearth there areuttiple tapholes at about8 meter below tuyeresfor #hing out hot

metal and slag at regular intervals. Tapholes are also extensively water cooled. The
number of tap holes, their positioning and dimension will dépgon the capacity of the
furnace. May modern furnaces are having 2 tap holes.
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The furnaces are equipped with tuyeres (water cooled copper constrisctiadmission

of hot blast of air) through which preheated air blast at a temperature of about 850 °C
1200 °C is introduced for bumg of coke. Before preheating, the blast of cold gupdied

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) whereine air is pré heated. The

air blastthen passes from the bustle pipe through gooseneck and then tuyere stocks / blow
T pipes into tuyeres. The pressuretioé blast and its flow rate is dependent upon the
capacity of the furnaces apdrmeability ofaw material.

As the stream of the chadyenaterial descends down through different temperatureszo
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 geone more important gaseous produohi the top of the furnace known as
BF gas. It generally comprises of @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, BF gas issed in blast furnace foraste heating and other area of plant
like coke oven heatm 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 iken 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 along with the mete
is skimmed off with the élp of skimmer plate towards slag runner and collecteslag

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 eith@rteeSteel Melting Shop or

Pig Castig 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 wittafire
bricks of high alumina content. The hearthtbot, hearth, bosh, belly and the shaft are
cooled by meanef coolers of various designSteel refractory lined plates protect the walls
of the furnace top. The bigger furnaces are lined with carbon blocks in tlle aghin the
periphery of the hearthottom. High alumina or SCarbide refractory are used in bosh and
lower shaft. The design and operati@f blast furnace results the high productivity and long
life of blast furnaces. The safe and reliable operations are secured bpfstht#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 h@tbng system (Figl),
rotating chargng unit (RCU) (Fig3) or with Pauwurth bell less top (BLT) (Fi2,4)
charging system. In BLT chargingells are replaced with charging bins, upper material
gate, upper sealing valve, lower material gate and lower sealing valve. This system also ha
a garbox to operate the rotating chute. The latter distritthieesnaterial inside the furnace
periphery in different rings or sector charging, point charging etc. This facilitates better
burden distribution inside theritaca s per t he fA Ch &ragitreg n®y dlea
the furnace operator for continuous efficient operation of the furnace.

51



gt

R

Yo f SKIP CAR
RH \

UPPER SEAL s

VAILVE

1111111

HOPPER

TWO BELL SYSTEM

VVVVV

"WNCOMER : 3 Y GEar

ROTATING

CHUTE

STOCK LINE

FURNACE

Fig-1. Double Bell -2FBJ T systems

Bell-Less Top Charging System
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Charging Sequenceto facilitate smooth working of furnaces, the coke and thecuike
material is to be distributed in a particular fashion in the whole circumference of the blast
furnace in accordance to the Charging Cygtam/ Pattern as determined by the furnace
operator. For those different charging sequences is followvegpical charging sequence

is given below:

Sequence 1COC/ COOCC /CCOCC
Sequence 2CCOO

52



Each charging cycle consists of 5/6 sequencegladrel or 2 exclusively or in combination
depending on thperiphery conditions. Generally in bédiss top furnaces thd“sequence

is followed i.e. CCOO. C=Coke;O=Noncoke(Ferrous burden) i.e. ore, sinter, Mm,or
Lime Stone or Quartzite etc. Theterdal is distributed in the bf in different rings/sectors as
per requirement

Furnace Foreman ControlRoom (FFCR):

All the activities burden distribution; stoves, cast house, auxiliary fuel injection etc. are
controlled from FFCR located in the furnadesvel 10, Levelil and Level2(Modern
furnaces) automatiofacilities are there in all BFAIl the details regarding the furnace are
monitored using HMI/SCADA and mimic panels kept in the FFCR.

Auxiliary Sections:

The awiliary section of blast furnaceonsists of following 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)

©oX N OA~®ODE

Ladle Repair Shop: Ladle repair shps 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 doubl stand pig casting machines. Each amiae
contains no. of moulds in one belt with lime coating arrangement underneath the machine
Moulds ae 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
eparatedrom mould chainby knockoutarrangement.

EQUIPMENTS of PCM

U Winch to lift the loaded liquid metal ladle.

U0 Two stands (frames) to hold the ladle firmly, with the paws attached in both the
sides of the ladle.

U Runner to receive the ligdiimetd and to pour into the mouldsrtiugh 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 pigs are made.

U Chutes to receive thaold pigs and to drop the same into Wagorat/Ear.

U Capstarsystem 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
qudity, and loaded in box wagons withetinelp of EOT cranesfor dispatch to stack yards of
customers.

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

Slag Dump Yard: The slag ladles fra BF is sent to the dump post for emptying thdles.
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 housdbeasHg generated is
granulated at CHGP. 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 their repair shop where
necessary suppang repair works are done.

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

Auxiliary Fu el Injection

In the present competitt environment, there is a lot of pressure on BF operatdosver

the operating costs and maximipeoductivity . One way to achieve this is by injecting
auxiliary fuel into the blast furnace. The fuels used for this purpose maybe coal dust, coal
tar, natral gas, coal bed methane etc. In SAIL galhercoal dusinjection (CDI) is being

used as auxiliary fuel injection.

The challenge now is to achieve high CDI rates with available quality raw materials,
without losinghot metal quality, productivity or Blavailability.

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 reductant costs;

1 Extended coke oven lifesince less coke is required to be producebisTis
importart 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(Tomh®/Day), that is, the amount of hot taé 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 can be changed much faste
than would be pssible by adjusting the burden charge atttipeof the furace;

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

1 Reduced overall emissions, in particular, lower emissions from coke makentp
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

supervision of energy management departmditte cleaned BF gas is sent to the gas
netwok and is usedsaa 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 CleanedBF GasA Gas Main

4.4 BF Zones and cheical 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

3. Additional flux (as required)

Stockline :
Moisture removal
300°C 3F€‘203 + CO = 2F6304 + COQ
Fe;0; + CO = 3FeO + CO,
700°C C+ C02 = 2CO
CaCO3; = CaO + CO,
FeO + CO = Fe + CO,
1000°C C + CO, = 2CO
FeO + C = Fe + CO
1200°C SiO, + 2C = Si + 2CO
i MnO + C = Mn + CO
1900°C P,Os + 5C = 2P + 5CO
S+(0)+C=(S)+CO

1500°C 2C + 0, = 2CO
HO + C = Hy + CO

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

1 Reduction of Oxides

3Fe,0s;+ CO =2 FeO, + CO

FeO,+ CO = 3FeO + C®

FeO + CO=Fe +CPO
Carbon Deposition
Decomposition of Carbonates
Decomposition of Hydrated/ater
Gas 3ift Reaction
CO+HO=CO+H,

=A =4 A -4

MIDDLE STACK ZONE
¢ Indirect/Direct Reduction
FeO + CO=Fe +CQ
Co,+C=2CO
FeO+C=Fk+Q
1 Gas utilization

LOWER STACK ZO NE
9 Calcinations of Limestone
f Reduction of Various elements
Reduction of unreduced Iron
Reduction of Silicon
 Reduction of Mn, P, Zn etc
1 Formation / melting of slag, final reduction of FeO and melting of Fe.

COMBUSTION ZONE
1 Burning and combustion of Coke

C+ ,=CO0O; + 94450 cal
CO, + C = 2CO0O- 41000 cal (solution loss reaction)
9 Complete reduction of Iron Oxide

RACEWAY
1 Combustion of Coke and Hydrocarbons.

1 Comlustian of CDI.
9 Large evolution of heat

HEARTH
q Saturation of Carbon with Iron

1 Final Reductn of P, Mn, Si and Sulphur
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1 Reaction impurities reach their final concentrations

1 Falling / drop of Metal and Slag bring heat down into the Hearth.

The liquid products hot metal and slag settle in liearth. These two products are
removed periodically fronthe blast furnace. The process is called tapping the blast
furnace.

The golden rule of blast furnace operation is that the furnace conditions should not be
disturked. If for one reason or the othé¢he 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 begins to fall, the
blast pressures drops cespondingly. During the tapping itself, burden descefasisand
irregular. The rise and fall of blast pressure will cause raceway distortions. Similarly, the
bosh gas distribution is affected when the burden desatnincreased or decreased. As
stok line is not maintained many a time unprepared buetdars the melting zone and
increases the thermal requirements. The effect of all these is the disruption of the
configuration of the cohesive zone, increase in coke rate and decrease in productivity.
Continuous monitoring of the top gas analysis will giveiradication about the furnace
efficiency.

Common difficulties in operation:

Furnace performance is linked with the smooth operation of the furnace which gets
disturked very often due to various kimdof 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 Hearth

Burning of Tuyeres

1 Coke rush throgh taphole.

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

4.5 Hot blast stoves

The function of Hot blst 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 are 3 or 4 stoves for eddnnace. Each stove consists of a combustion chamlder an
refractory checker brickwork. Combustion chamber lined with fire bricks and checkers are
by alumina brickwork.

57



For controlling cold and hot blast there are several valves given on the steyear€: cold
blast valve (1)hot blast valve (5), chimneyalves (11), bypass chimney valves (14), gas
control valve (7), gas burner (8), and air fan (12).

1. Cold Blast Main Layout of Stoves
2. Cold Blast Valve

3. Mixer Line

4. Mixer Valve

5. Hot Blast Valve

6. Hot Blast Main

7. Gas Valve

8. Gas Burner

9. Combustion Chamber

10. Checkers

11. Chimney valve

12. Combustion air fan @
13. Air Damper

14. Pressure Release Valve

15. Column & Grids

Hot Blast Stove and its Valve Arrangement
There are tweycles in the stove operation.

1. On gasstove in the heating mode
2. On blaststove in the blst mode

In the first cycle the stoves are getting heated by using BF gas and / or coke oven gas. Th
flue gases (20@50°C) will be carried out through the chimnephis stage is called o n

g a.s\VBhen the dome temperature reaches to the desired level-{BBEOOC) 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 na sbtTide sensible heat that is stortdok
checker brickwork is carried away by the cold bkasd 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, compensator, tuyeres stock and to the tuyelnes. st ove kept
will continue for % hrs 14 hrsand wi | | be foll owed 2%hlyws).fion
Thus at any point of time one or two st o
and thecycle is repeated continuously. Heatstbve kept isolated, as ready for on blast
cycle.

A snort valve is located on the cold blast main, regulates the volume of blast.steam is
injected for the humidification of the blast before -pesmting in the stove. Oxygen
enrichment is also done whever necessary through the blast itself. A mixer valviehwh
regulates the flow of cold blast enables to maintain the desired hot blast temperature.
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The hot blast reacts with calekl eaceaay th froninof e ¢
the tuyers and different reactions takes place in various zopedaduce hot metal.

4.6 The Cast House and Slag Granulation Plant
Function

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

The function of cast house is to tap the liquidahend slag via the tap hole from hdaon
scheduled time and separate the metal and slagimmer block with siphon hole in trough
which is made up of refractory ma@3astableland direct metal to metal ladles and slag to
the slag ladles or CHSGP.

Process and parts of cast house:

In the BF of single tap hole, there is a provision to flush tlag shrough the slag notch
(calledmonkey) situated at a height of 1400 mi600 mm from the axis of the tap hole.
The monkey is equipped with pneumatic amaalcinder stopper. Increasing thember of
tapings can reduce flushing operation.

Cast haise consist of tap hole, trough, iron and slag runner, rocking runner and their spouts
and various equipments (such as EOT crane, Pusher Car, Rocking Runner Tilting
Mechanism, Drilling Machine, Mudun JCB / Poklain (excavator) etc). The hot metal is
tapped at at an interval of -2 hrs depending upon the furnace conditidhe tapping time

will be around 90° 120 minutes. Generally & tapings will be done in day. The usual

way of opening the tapole is to drill the tap hole until the skull is readhtden 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 minimum amount of metal
should remain in the lagth. So it is almost at the bottom most part of the heakfter
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 themetd comes out of the tap hole.
Theskimmer plate separates the slag from the metal amultslithe slag into the slag ladles

| SGP through slag runners. The hot metal continues to flow down the bend runner from
which it is diverted into individual metal ladles. The control of this operatsn
accomplished by cutters located in the runners or thghhelp of rocking runner and pusher
car. At the end of the tapping the tap hole is closed with the mud gun, which is electrically
or hydraulically operated
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The tot metal is collected in a refriacy 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 requirement.

Similarly slag is collectedni slag ladles and is dumped in the dump post or sendago sl
granulation plants (SGPs) in which slag is granulated, and this granulated slag is sold tc
cement manufacturers.

The equipments available at the cast hause

1. Drill Machine A Hydro-pneumaticor electric drilling machines are used for
opening theéapping

2. Mud-GunA Hydraulic or electric drilling machines are used for closing the tapping

with anhydrous or water bonded tap hole mass

Cast House Cran® for material handling during cast house faegtion

Rocking runned to divert the metal into alifferent metal ladle (tilting runner)

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

Hw

Analysis of hot metal, slag and top gas

Si 0.6-0.8% SiO, 347 36 % CO 207 24 %
Mn | 0.05-0.10 % Al>,O3 167 20 % CO, 1871 20 %
S | 0.050 % max. CaO 3471 36 % N2 4871 52 %
P | 0.050.15% MgO 81 10 % H> 47 5%

C 47 5% MnO <1%

Basicity: CaO/SiQ 0.981.00

Modern technological developments
Some of the modern technologicvelopments implemented at our plants are:

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

Bedding, Blending, Sizing and Screening of burden- Physical and chemical
characteristi 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 mateals of consistent and uniform quality. The bedding 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 buren the productivity of blast furnace increases. Along with sifiet5%o pellet in
burden mix will also ye additional benefits.
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Conveyor charging- All burden materials are delivered to the furnace top by conveyor.
This is economical for bigger blast furnaces. All 3 bigger blast furnacslini.e. B~
5ISP (4161m), BF5 RSP (4060r) and BF8 BSP (4060r) have conveyor charging
facilities.

Bell less top- In place of conventional two bell charging system, two charging hoppers
with rotating chute are italled. The rotating chute distributes the material in the desired
mamer. The system is easy to maintaline system has been adopted in-BF5, 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 controlled by positiamj 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 befamfrared
rays over the material dace 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 monieongerature distribution and collect
samples of burden material anasg

Cast House Slag Granulatiort In this design the liquid slag from cast house runner is
led to the granulating unit located very near to the casteéndr his would eliminate the
need for maintenance of large fleéslag ladles, reduce the cost of puation, 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. Thigyaci
already exists in BF # 1, 4 & 5 of RSP and 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 grannl&t@o)
and better slag granules quwli 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, lesenanpower requirement.
3. Low electricity & compressed air consumption.
4 Completely covered installation from granulation unit to the dewatering station
with connection to stack for the collection of stream & fumes andngnotit the
same to the atmosphere at high level

Coal Dust Injection - Non-coking coal is injected throbhgtuyere 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 normallpaated with high

blast temperature and oxygen enrichment.All fuesaofSAIL plants have been provided

with a coal dust injection system.
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External Desulphurization of Hot Metal - With the introduction of continuous dax)
technology and increased demand for high quality steel, esgait of low Sulphur (less

than 0.025%hot metal has increased. For this purpose hot metal from BF is desulphurised
by injecting desulphurising agents such as calcium carbide, lime soda ash and magnesium
in the hot metal la@. One desulphurising unit has been installed at 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 thethmetal runner. Such installations are working in
Abroad.

De-Phosphorisation of Hot Metal i De-phosphorsing 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 autont&c operation, the computer

(HMI system) is connected to PLC (Progmaable Logic Controller)which receives
signals from various sensors and determines the optimum point values and commands the
equipments to operate autatically. Automatic control of charging & stoves are provided

in furnaces

As per the decision GAIL 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 refractoogling system,
stoves ,auxiliary fuel injection and supporting gupents

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

stock house and new material handling facilities with modifigder plant and

coke ovens. New furnace has been commissione®mIBP an®SP,

Modification of the exsting material handling system.

Introduction of torpedo ladles.

Improvement of logistics in blast furnace area etc.

Waste Heat Recovery System (recovery of heat from outgoing stoveRidaalses

to heat up the Combustion Air and BF Gas and thus enlla@deating 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 pgr da

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

o gk w

Techno-economics:

Productivity: the amount of hot metal produced per cubic meter of the furnace &aum
a day, tonnes/ffday (either on working volume or useful volurbasis)
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Fuel rate: The amount of fuel required to produce one tone of hot metal, kg/thm. It
includes coke rate + aux. fuel rate + nut coke rate (hdueinter).Carbon rate is more
appropriate measure as carbon eatwf the fuel varies from time tortie.

1 1% reduction in coke ash reduces the coke rateiby@kg/thm(reduction of coke

rate gives an overall saving of 0.5 % of the total energy consumption of steel plant)
1 1% reduction irgangue of iron ore results in coke saving of 1.5 %.
9 100 °C increasen HBT (Hot Blast Temperature) results in coke saving bf32%.

Energy consumption for an iron making-

Energy Consumption Area Wise Energy Consuniph
Coke Making 1871 19%

Iron Making & Sinter Making 497 50 %

Steel Making 81 9%

4.7  Safety and environment

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

Laid down procedures | i ke Apermit to wor
shutdown of equipment for maintenance. The stipulated SOPs (Standard Operating
Practices) and SMPs (Standard Manhance Practices) should be adtestectly.

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

Foll owing dobés and dondéts ar elastfornabee f ol | o

DO's

1. Ring bell/hooter during crane movement

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

3. Before putting any stove to gas mafl@ny gas leakage observed then remove the
agency working in stove platform

4. Always carry COGGAS monitor & gas safety man while going top of the Faenfar
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 as per procedure (protocols) duly approved.
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Donét a Indutbonzedpergon on stove platform.

D o naflow any one in Cast House area of blast furnace without safety appliances.
During any gas leakages don't allow anyone in the Cast House area & stove
platform.

Donoét O p eithautt peopet kndwtedgevof Mech./Elect. Operation of Lift,
Always askfor lift--operator.

MCC panels should not be operated only by authorized personnel.
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Chapteri 5

STEEL MAKING

5.1 Introduction

The Hot Metal also known amolten pig ironwhich is prodiced by Blast Furnacesmains
various impurities. Main imputy present is Carbon and other impurities like phosphorus,
sulphur, silicon, nometallic inclusions etc are also present. Steel making is the process of
purification of this Hot Metal. ®el such produced is the pure form of metal. Hot Metal
contains arond 4% of Carbon which is to be reduced below 0.10% as per the requirement.
Other impurities like sulphur, phosphorus are also removed and alloying elements such a:
Manganese, Silicon, Nickel, Chromium and Vanadiumaap®d to produce the exact steel
requred. The schematic view and various processes involved in steel making arlews: fol

D -
o _ Second Slab¢
o1 s ary T .
/ > o INGOT Bloom
M M H T T refining o 00
From | I_ By H E . (ARS,
BF = T o E * LF. cCs Blooms
E S L FH. » » Billets
R B VAD, Slabs
- P > VOD)
F

HMDSd HOT METAL DESULPHURISATION

BOFO BASIC OXYGEN FURNACE

OH/THF6 OPEN HEARTH/TWIN HEARTHFURNACES

ARSO ARGON RINSING STATION

LF6 LADLE FURNACE

RH DEGASSER RUHRTSTAHL HERAUS (Process is named on a German town and a
German scientist)

VADd VACCUM ARC DEGASSER

VODd VACCUM OXYGEN DECARBURISATION

CCS/CCB® CONTINUOUS CASTING SHOP/ PLANT

The Hot Metal from Blast furnace comes kot mda 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 theonverter It caneither go through Hot metal desulphastion
unit (HMDS) or directly to the process of steel making i.e. Basic Oxygendee (BOF).

Advancements in Steel Making Process

Bessemer process > Open Hearth /Twin Hearth > LD Convertor
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Hot Metal Desulphurisation

Sulphur is mainly present in iron ore amal. Reducing the sulphur dent to less than
0.020% in the bladurnac is difficult from an economical standpoint. As the steel quality
often requires a sulphur content of 0.010%, the hot metal must be desulphurized in anothe
way. In desulphurizatio methods lime orcalcium carbidmd magnesium reagent may be
used inproper proportion. They are injected into the rhetdéh a special designed lance
under a gaseous stream. In this way, the Sulphur content can be reduced to levels belo
0.005 %. Hot metal in a ladis broughtto Desulphurization unit by*EOT cranes orail.

After proper positioning of the ladle, injection lance is lowered deep into the metal. Then
start injection of the said material through the lance and is continued for 5 to 10sminute
depending on sulphur content in hot metiliphur impurityis remowed in the form of
magnesium sphide in a violent reactionLadle is then taken telag racking machine to
remove the slag formed during the injection process. Hot metal is then sent to converter.

5.2 Open /Twin Hearth Furnaces

One of the oldest estaliisd pocess of steel making, most open hearth furnaces were
closed by early 19906s, because of their
operation. Basic oxygen steel maki(BOF) or LD process replaced open hearth furnaces

Twin hearth funace consists of two hearths separated by a bridge wall with a common roof.
Twin hearth furnace works on synchronization between the two hearths, there by both the
hearths are engaged in different operations. Whileé®iresolid periodthe other will ban

liquid period.

The fundamental principle of Twin Hearth Furnace is physical and chemical heat generatec
during blowing in one hearth is utilized in the adjoining hearth for prelge#tim charge,
making the process faster. The tap to tap time of THEut by half since the furnace is
tapped from both the hearth alternatively at an interval of one half of the heat duration in
one hearth. Operational efficiency of the furnace is based on the equal duration dhthe bo
cold and hot period i.e. in one m#awhen melthg stats the other hearth is ready to
betapped.

Activities in the furnace can basically be divided into two parts. Activities during cold
period awl activities during hoperiod run parallel at the same time for one of the two
hearths in sth a way that if one hearth is in cold period other will be in hot period. Cold
period includes the time given to the furnace for tapping, fettling, charging and heating of
the cold charge up to the end of pouring of metal in the furnace. The activisidaking

place during the hot period can be categorized into melting, refining and holding.

*EOT-Electrically operated Overhead Travel

5.3 Basic Oxygen 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
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6. After blowing oxygen lance is lifted and converter tilted for sample and temperature
recording

Tapping in ladle
Addition of deoxidiser in ladle during tapping

© N

Hiok
rmstal
lacdla £

Charging scrap l3"‘”5'"9"‘!%

':Z:-.:-::g.rgen [E=TgT=t=]
(waibsr coolad)

M ain bilow Sampling
"-—H
Slag
Sitaal Iﬁ%}/
Tapping Slag off

Stesl ladls E—
G
1=

Basic Oxygen Furnace is commonly known as BOF process or LD process. It is

named so because this process was developed in LINZ and DONAWITZ, two cities 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 / Twin hearth, BOF process is fast, energy efficient and $imple.
reducesthe time of smelting, and increaseabor poductivity. Tap to tap time in BOF is
around 450 minutes. The name BOF is derived from the manner in which the
compositional adjustments are achieved. Oxygen is the reagetiéiies used to remove
most of the undesirable elements via a nunab@omplex oxidation processes. Basic refers

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—

Hot Metal: Hot metal containing around 4% carbisthe main input in the BOF.
Scrap: Itis used as a coolant as fimecess is exothermic. The large thermal energy
is produced during the process a®to get targeted end/tappingniperaturgit is
important to maintain the proper charge balanaerakio of hotmetal to scrap.

Fluxes: Fluxes such asalcinedLime, calcinedDolomite etc are used in the process
for slag making. Slag is required to absorb/extract impurities from metal. An
emulsion of metal andajformed during blowing hekin refining.

Oxygen: one of the important inputs comes mainly from captive Oxygen plants in
addition to the purchased liquid oxygen. Oxygen purity should be more tH#0.99.
Nitrogen: It is not directly taking part in the process but used for purging and
ceiling purpose. ltis also usedrfslag 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 of steel.

Endpoint control—

Tap

(HM, !
Scrap,
Flux...)

Top

Top

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

—_—

" % A.' 3 i

Static model O, blow Sublance Dynamic model.
Calculates O, with Static model measures Adjusts final
Volume C and Temp O, blow

A complete cycle consists of the followg 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 with mixer in steel ltimg shop.
Metal is stored in Mixers and it is taken out as and wiesmded. 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 thrglna lance with Nitrogems a conveyig gas After
compound injection is over slag racking is done to remove the slag which is
necessary to avoid reversal of sulphur.

1 Converter blowing: The process of blowingmeans reactiadnQ@xygen with hot

metal and fluxes in LD converter. The hot metalnglavith 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 Q%D After charging converter is keptertical

and lance is lowered in the converter through which oxygen is blown at a pressure of
around 1420 kg/cnf. During the blaing process fluxesuchas lime, Calcined
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 non metallic impurities
are removed in the form of slag, which is lightean metal so it floats on metal
surface. he blowing process usually takd®-17 mints. When the blowing is
complete converter is tilted to take out the slag in @ gtd. Sample and temperature

is also taken manually. Ahe end of the blow the temperature is generally in the
range of 165%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
achieved the steel is tapped.

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

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

. Sensible heat of Steel

b. Sensible heat of Slag.

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

Q

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

Tapping: Tapping means discharging the liquid steel into ladle througtathbole
present in the converter by tilting As per the grade of steel the Feaitoys are

also added into ladle during tapping. As soon as the steel finishes the converter is
lifted and tapping is complete. Good tap hole maintenance and slag free tapping
devices lke pre tap plugSlag Stoppedarts, electromagnetic slag detecti@msors

etc commonly used to prevent slag carryover into the ladle.

Nitrogen Splashing. After tapping, the residual slag in the converter iasmd

with the help of nitrogen along with additiaf Lime and/or cokeConverter is kept
vertical and lance isowered. 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 of nitrogen splasghiis to increase the lining life of the
converter.

Chemical Reactons 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=COo/ICO»
Si+ 20 =SiQ
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Mn + O = MnO

2P + 50 =R0Os
Thesereactions are exothermic in naturetlof heat is evolved during blow. Scrap
is used as a coolant to maintain the thermal balance. Due to addition of fluxes the
chemical reaction with CaO from Lime and Dolomite and Si, klfieim hot metal
takes place to make complex compounds which are lrasiature thus helping in
making a basic slag which facilitates dephoszban.

1 Slag Composition: The slag formed during the BOF process is basic in nature. It is
a complex oxide compound of Ca along with Sar@ other 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 conatihs 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:belo

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 froneto time.

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 dith vessel 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 shaped vessel made of steel and lined from
inside with basic refrdory 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 witlgth temperature

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 whidraws 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

= =

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 done if thereany water leakage in the lance/hood/skirt.

In case of excessive water logging below the convétteving 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 arktasminimize 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 genera&d during 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 that is disposedff 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 ofsteel in steel ladle

Average cast slab wa73t

Deoxidation by aluminium and silicon

Tapping temperatur@660 to 1680 deg centigrade
Tapping time >6 mins

Taphole life >110 heats

=2 =220 _9_-5_9_°_-°

Practices to be followed for convertor nurturing:

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

A Coating of converter

A Slag dumping in slag pot after splashing and coatafgrb next charging

5.4 Secondary Steel Making

Objective

Achieving the required properties of stesten 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 levelsarcahverter 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)

Desulphuization 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 steelmakingqeesses 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 most popular 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 iiecan 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 fgllowin
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 prary melting 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 furnace.

Stirring of the melt by argon or by an undive 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 primarilydotiol the 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 degasser process, the steel ladle is placed in a veemluand 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 temperaturedsses (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; smoetallic inclusions 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 dability 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
non-metallic inclusions. Oxygeis lowered by deoxidisers like Mn, Si, Al etc. Through
vacuum treatment oxygen is removed as CO.

Decarburisation
Reactionotb C6 &nd edmd@val i s given by
[C] +[O] =CO

[C] +1/20, = CO
[C] +(FeO) = CO +Fe
06CO6 removal i s contAroylolne df | boyw waacduweu m ilnda v«
Oxygencontent Amount of Oxygen injected
Control is equired during tapping , LF & VAD operatidin avoidrecarburisation.
Some other sources dcarburisation are ferralloys, graphite electrodes during agrin

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 metalow Feo+Mno< 5%

Removal of H& N,

Hydrogen removal
Reaction is 2[H=H,

[H] = k*CH,
i) H content varies wititp 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,
I.  To get very low N vacuum level must be very low.
II. Compared to H, nitrogen removal rate is low due toddfusibility
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5.5 Casting
Continuous Casting of Steel: Basic Principles

Background

Continuous Casting is the process whereby molten steel is solidified into a fsdred!’

billet, bloom, or slab for subsequent rolling in the finishing mills. Prior to the introduction
of Continuous Casting in the 1950s, steel was pounéal $tationarymoulds to form
"ingots”. Since then, "continuous casting" has evolved to achieve improved yield, quality,
productivity and cost efficiency. Figure 1 shows some examples of continuous caster
configurations.

Casting of Liquid Steel

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

A The stel gradually 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 selit ste
pulled out at bottom

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

Figure 1 - Examples of ContinuousCasters

V;Etlcal Vertical with Bending

Curve Type

1= ; 3

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

in the mould and continues through the First Zone (4) and Strand Guide (5). In this
configuration, the strand is straightened (6), temgh (8), then discharged (12) for
intermediate storage or hot charged for finished rolling.

Figure 2 - General Bloom/Beam Blank Machire Configuration

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 Caster layoubt&lthe extended roller containmerampared to
that for a Bloom/Beam Blank (as in Figure 2), required to maintain product shapgtthro
final solidification.

Depending on the product ende, various shapes are cast (Figure 4). In recent years, the
melting/casting/rolling processes haveebénked while casting a shape that substantially
conforms to the finished producthe NeafNetShape cast section has most commonly
been applied to Beams and Flat Rolled products, and results in a highly efficieattamper
The complete process chanorin liquid metal to finished rolling can be achieved within two
hours.

79



Figure 3 -Slab Caster Layout

- 200 X 200

400 X 600 500 dia 140 dia

CONVENTIONAL & MEDIUM THICKNESS SLABS
B 00100 3200 X218

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

Liquid steel comes from the ladle into thendish. Tundish is a deviceheare it collects,
accumulates liquid steel from the ladle and feedsmim @r more moulds througBEN
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 thdte 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 (silicon) etes called KILLED STEEL. Oxygen in steel is
measured using Celox Temp aexbressed in ppm. Steel that is to be cast should not have
high ppm ofO, otherwise casting canhbe done because,©f steel will fam unwanted
oxides viz CaO, Si®, MgO and will be deposited over the entry nozzle and thus will
restrict the flow of stel 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.
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Tundish is a device through which continuity of the casting is maintained. Theteaare
types of casting practices are in use namely cold tundish andrtsh practices. Liquid

sted 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 tundisiundish 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 entozzle (SEN) are fixed by clamping device in
each of the tundish outlet.

3. Mould Preparation:

Mould is the most important equipment in the caster m/c. pilynmould is prepared
acording 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, whichdigit® the mould with

a fixed rod or flexible chain. This DUMMY BAR head is packed. Mould is made purely of
copper axopper has the most hedischarge capacity than any other metal economically
available. All sides of this mould is made up of Cu platd &eat fron liquid steel
immediately discharges trough the copper platesould cooling systemdpper plates 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 be taken and if necessary casting should beestopphoutwaiting for any other
decision to be asked from anyone.

Cading Process

Liquid steeltaken into ladle is refined at SRU is placed over the turret arm andS&iis

fixed. Then one shroud is fixed at the bottom of the ladle collector nepzilkat 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 into the mould. Initially steel rests on the DUMNBAR head on whiclsome chillers

are placed to get the liquid steeldre/solidifiesquickly then the m/c starts with MOM &
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 following sections:

1 Atundish, located above tmeouldto feed liquid steel to thenouldat a regulated rate

1 A primary cooling zone or waterooled 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 it pagstesthe secondary cooling zone

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

1 Except straight Vertical Casters, an Unbending & Straightening section

f 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 the ladle todbks. First,
the steel must be traliesred (or teemed) from the ladle to the tundish. Next, the steel is
transferrel from the undishto themoulds.

Tundish

Imsulated Tundish
L= RS-

BEarfifle

Four BoaxF

o Wredsi/ D rm
= Comrbhimnatiomn

Whorkirog lirvimaoy

Back-up Lindimg
Inswalating Layhaeds

Pl =l e
WWretl EBlock

The shape of the tundish is typically rectangular, but delta and "T" shapes are also common
Nozzles are located along its bottorrdtstribute liquid steel to theoulds. The tundish
also serves several other key functions:
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Enhances oxide inclusion separation

Provides a continuous flow of liquid steel to theuldduring ladle exchanges
Maintains a steady metal height above the leszto themoulds, thereby keeping
steel flow constant and hence casting speed constamilas

1 Provides more stablstrean patterns to thenoulds).

E

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

Clogging of SEN due to depib$ormation is a major problem and leads to:
1 Affects the stream flow pattern mould.
1 Reduces the pouring rate.
1 May lead to premature changing of SENs and termination of casting operation.
1 Steel quality may be affected.

Factos affecting SEN clogging:

Steel chemistry (alloying elements, total inclusions, etc.)
Caging condtions (tundish depth, superheat, speed, etc.)
SEN chemical composition, geometry & design.

Argon injection rate

Air aspiration into the SEN

Oxygen providedy the refractory materials

= =4 -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

I} Ferrostatic

Clamping
Force

Footroll

~ Solidified Shell
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The mouldis basically an opeended box structure, conténg a wateicooled inner lining
fabricated from a high purity copper alldylould watertransfersheat from the solidifying
shell. The working surface of the copper face is often plated with chromium or nickel to
provide a harder working surface, and tmid copper pickup onhe surface of the cast
strand.

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

aid in proper desigand operating practices. Heat transfer is generally considered as a series
of thermalresistanceas follows:

Heat transfer through the solidifying shell

Heat transfer from the steel shell surface to the coppetdouter surface
Heat transfer througtihe coppemould

Heat transfer from the copperouldinner surface to theould cooling water

= =4 -4 -2

Submerged Entry Nozzle
(SEN)

Meniscus

Submergence | S

Depth SO

FPort Height 37
K] -2

s

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) thmould

Mould oscillating cycles vary in frequency, stroke and pattern. However, a commo
approach is to employ what is called "negative strip”, a stroke pattern in which the
downward stoke of the cycle enables theould to move down faster than the section
withdrawal speed. This enables compressive stresses to develop in the shellghagiisr
strength by sealing surface fissures and porosity.
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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 atmosphed air

1 Absorbs inclusions

1 Provides a lubricating film aholten slag between solidifyirghell andmould wall

Secondary Cooling

Typically, the secondary cooling system is comprised of a series of zones, each responsibl
for a segment of controlled coolirngf the solidifying strand as it progresses through the
machine. The sprayed medium is either watea combination of air and water.

Figure 5 - Secondary Cooling

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

1 Conduction
As the product passes through the rolls, hetriissferred through the shell as
conductionand alsahrough the thickness of the rolls, as a result of the associated
contact.
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1 Convection
This heat transfer mechanism occurs by quicklyving sprayed water dotets or mist
from the spray nozzles, penetrating the steam layer next to the steel surfabethetic
evaporates. Specificallp, the spray chamber (Secondary Cooling) heat transfer serves
the following functions:

i.  Enhance and control the rate of solichfion, and for some casters achieve full
solidification in this region

i.  Strand temperate reguléion via spraywater intensity adjustment
ii. ~ Machine Containment Cooling

Strand Containment

The containment region is an integral part of the secondary cooling area. A series of
retaining rolls contain the strand, extending across opposiamdstaces. Edge roll
containment may also be required. The focus of this area is t@ersivanl guidance and
containment until the solidifying shell is salfipporting.

Bending and Straightening

Equally important to strand containment and guidance from the vertical to horizontal plane
are the unbending and straightening forces. A®ndimg occurs, the solid shell outer radius

is under tension, while the inner radius mlar compession. The resulting strain is dictated

by the arc radius along with the mechanical properties of the cast steel grade. If the strair
along the outer radius excessive, cracks could occur, seriously affecting the quality of the
steel. These strains eartypically minimezed by incorporating a mulpoint unbending
process, in which the radii become progressively larger in order to gradually straighten the
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
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After straightening, the strand is transferred on roller tables to a cutastiine, which cuts

the product into ordered lengths. Sectioning can be achieitbér via torcks or
mechanical shear3hen, depending on the shape or grade, the cast section will either be
placed in intermediate storage, tobtarged for finished rollig or sold as a senfinished
product.

Abnormalities:

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

In some casesemperature at which liquid steel gets solidified may be reached during
casting which caused saliidation at SEN and restricts the steel flow, and then also casting
continuity gets disturbed and casting stops. This is célledzing

Another major proble that hinders the casting procesBlisak Out.

Some Casting Defects:
Types of defects:
9 Surfacecracks
91 Internal cracks
1 Blow holes, Pin holes etc

Remedial measures:
1 Control ofsuperheat of liquid steel (appropriate temperature)
1 Steel chemistry
i Casting sped

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

5.6 Ingot Casting

A Teeming ladles prepared for each and every heat. The liquid steel is teemed through the
nozzle preseruat the lottom of the teeming ladle. The flow of metal into the mdbldugh

the nozzlecan be controlled using slide gate system. Earlier stopper rod assembly was in
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 temperature is one of the most important parameters ircagjiolg practice. High
temperature leads to sticker formation while low temperature eadsockng 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. Surface siatbcs scabs,
cracks and lappiness are commBbttom pouring of steel into fluted ingot mouldsdone

in DSP for special steel grades required for manufacturing Wheels and Axles for Railways.
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Advantages of Continuous Casting over Ingot Casting:

1 One d the main advantages of continuous casting over ingot casting is the high
increase in yiel fromliquid steel to semfinished cast product.

Ingot casting yield can be as low a39%8.

Continuous casting yield depends mainly on ladle capacity, Sectionasides
sequence length.

1 Yields of >95% or even higher are not uncommon.

il
il

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
1 During blowing CO gas monitor to be always used for
multilevel activities above the convertor area

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

A In ladle furnace, there is dangerroétal splashes and electrocution due to very high
current of electrode.

A 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
coming out may ausesuffocation.

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

Do&Dondt :
A 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 may lead te thdbugh.
A People must always be aware of the safety hazards of their areas.

Steel Making MCOs:

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
a. High alumina b Silica bricks c. Magnesia d

bricks carbon bricks Fire clay brick

4 The fuel gas recovered from BOF process comprises of
a. Methane b. C.N.G c. CO d. CO,

5 Argon is used for Ladle stirring because
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b. Itisabundantin c.
atmosphere

a. lItisvery chea It improves the
' y P steel quality
Slag basicity in Converter process refers to the following ration

b. (Cao+MnQ)/

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

No liquid slag is left in the Converter before charging because

It disturbs the c. ltis unsafeto

- charge on liquid
refining process
slag

a. Itdamages the b.
Converter lining

In VAD, the vacuum chamber is evacuated with the help of
a. Steam ejector b. Vacuum pump c. Air compressor

Dissolved Oxygen in steel is not desirable because

b) It causes scale
formation during
rolling

a) Itreduces the
strength of steel.

c) It causes defects
like blow holes

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
Degassing

b) Vacuum Argon
Decarburizing

¢) Vacuum Arc
Degassing

A RH De-gasser has

a) No snorkel b) One snorkel c) 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 ¢) 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 b) Arcing

treatment c) Fe-alloy addition

d.

All of the above

CaO/ SiO,

d. brass

It causes slag
inclusion in steel

d. None

d)

d)

d)

d)

d)

d)

d)

d)

d)

It makes the
steel brittle

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 metal forming are

1. Roliing 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 DO,
Output
Metal by passing between rolls to give - — S
it the desired shape. —(]
B rollers
Draft

Difference in height or thickness of the

materal beforerolling (H) and height or

thickness after rollingh) is called draft I
H

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

Spread

Difference in width of material after

rolling (b) and width before rollingR) is
called spreadh(B). It indicates how

much the metal has spread during rolling.

Elongation

Difference in length material after rollin§ @nd length before rollind-( is called elagation (-
L). It indicateghe increase in length during rolling
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Reduction

Difference in are@efore rolling f) and area after rolling] is reduction A-a). It indicates bw
much the cross section areastbeen reduced during rolling.

Coefficient of Reduction

Ratio of area before rollingA) and area after rollingg) is called coefficient of reductio\(a).
It indicates how many times the aressltbeen reduced during rolling.

Rolling Constant principle

It states the volume of material will remaame before and afterling. It is useful in finding
input ard output sizes.

Badc terminology used for measuring mill efficiency

Mill Availability

It indicates the availahty of the mill for rolling. In this the planned shutdown and capital repail
are subtracted from the total calendar hours.

Mill Availability= Calendar Hours(Capital Repairs+shutdow92100

Calendar Hours

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

Mill Availability is expressedn percentage

Mill Utiliz ation

It indicates the utilisation of available mill faslting. In this the planned delays subtracted from
the available hours.

Mill Utilization = Cdendar Hours (Planned Repair + Total Delavi)loo

Available Hour

Available hours= Calendar How¢Planned Shutdown + Capital Repairs)

Mill utilization is expressed in percentage

It is a measure of effectivdilization of time available

Hot Hours

Hours during a day or month or year during which rolling attuabk place. Its unit ifiours.
Yield

It is the ratio of useful output to input exssed as peentage Yield="*"x100
Input
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It is @ 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:. Hot rolling is a metalworkingprocess in which metal iseated above the
recrystallization temperature to plastigaleform itin the working or rolling operation.

This process is used to create shapes thghdesired geometrical dimensions and material
properties while maintaininthe same volume of metal. The hot metal is passed between
two rolls to flatten it, lengthen it, reduce the crssstional area and obtain a uniform
thickness. Hotolled steel is the most common product of the hot rolling process, and is
widely used in tB metal industry either @ end product or as raw material for subsequent
operatios. Hot rolling breaks the grain structures and destroys the boundaries, giving rise to
the famation of new structures with strong boundaries having uniform grain sesactur

Hot rolling improves:

Toughness and strength
Ductility

Resistance to vibration and shock

= =2 =4 =

Formability
1 Weldability
Hot-rolled steel products are classified into four groups:
1 Flat
1 Long
1 Seamless
1 Specialty
Typical applications of hotrolled steel are
1 Automotive structural parts shas frames
Tabular products such as pipe and gas cylsder
Machine stuctures such as saws and springs
Agriculture equipment
Metal buildings
Guard ras

= =2 =4 A
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Cold Rolling: Metal forming process in which the shape and structuresef st altered through
drawing, extruding, hammering, pressingling, spinning, and/or stretching at temperatures
below the steel's recrystallization point (usually room temperature).

Cold rolling is a technique where a metal strip or sheet is passeedmetwo rollers and then
squeezed and compressed. The level of strain presenhieterthe prperties and hardness of
the finished material

This process is widely used farrgace finish and higigyuality dimensional accuracy, which can
help prevent nmiarial damage and corrosion

Thetypical applications of cold rolling are in the production of:

Filing cabinets
Metal furniture
Computer cabinets
Water heaters
Exhaust pipes
Steel drums

=A =4 =4 4 -4 A

Through cold rolling of steel, the strength and hardness of the alaterienhanced
significantly, which in turn improves the corrosion resistance of hietaaany wag. This is
brought about by the addition of more tension and energy to thegbhrodu

Recrystallization temperatureis the temperature on rolling above whigk 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.

The difference between the two is the temperature at which they are processed. Hot Roll i
processed above theceystdlization temperature. Itgrains reform after the rolling process

and it is left ina stresdree state. Cold Roll is processed below thecrgstallization
temperature. Its grasnremain flattened and elongated, leaving the material in an anisotropic
stae and full of cold work.
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FACTORS

HOT ROLLED
CHARACTERISTICS

COLD ROLLED
CHARACTERISTICS

Layout Orientation

Thematerial characterigts
is identical in all directions

Care must be exercised in
layout. The grains of the
material are deformed during
therolling process and stay
degformed. The material will be
stronger with the grain than

when machined

against the gin.

Price Less Expensive More Expensive

Strength Weaker Stronger

Weldability Excellent for welding Weldable, but the material will
take on the propertiesf hot roll
wherever it is welded

Machinability Experiences no warping | The removal of too many

residual stresses during
machining will throw the
material out of equilibrium and
cause deflection and wrapping

Dimensional tolerances of|
stock

Fair. Deviations from the
stated size are present due
surface scale and thermal
shrinkage

Good.lt is not as accurate as
ground stock, but better than
Hot Roll.

Surface Finish

Fair to Poor
The surface of the material
will be covered with carbon
scale

Good.
Not as good as ground stock,
but much better than Hot Roll.

All SAIL integrated plants have hot rolling mills whereasyoBbkaro, Rourkela and Salem

have cold rolling mills.
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Long and Flat Products

During rolling when the input is prems from both directions peepdicularly (from top
bottom and also from both sides) tlength inceases to keep the volume of the metal
constant. This is calleldng product rolling. If the metal is pressed from tegottom the
spreads takes place alsotbe sides, it is calleffat product rolling .

l }

Flat products

Long products

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,hite Burnpur is a long product plant. Bhilai and Durgapur
produce bothong 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 Struturals (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 -4 4

Durgapur Steel Plant
1 Semis (Bboms, Billets, Rounds)
1 Merchant Products (TMT Bars, Rebjars
1 Medium Stucturals (Beam, Joists, @hnels, Angles)
1 Wheel and axle
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Rourkela Steel Plant
1 Sems(slabs)
Plate Mill Plates, Special plates
HR Plates, Coils
CR Caoils and Beets
Galvanized plain and corrugated sheets
Silicon Steel Sheet & coils
HFW Pipes(ERW) & SW Pipes

= =4 =4 4 -4 -

[ISCO Steel Plant, Burnpur
91 Structurals(Beam, Channels, Angles)
1 TMT Bars, Wire Rod Coils Products

Alloy Steel Plant, Durgapur
1 Alloy and Stainless steel &is, Blooms, Billets, Bar®|lates
1 Stainless and Hadfield Manganese steel plates

Salem Steel Plat
1 Hot rolled carbon andt&inless steel flat products
9 Cold rolled stainless stesheets and coils

Visvesvaraya Iron and Steel Plant, Bhadrawati
1 Semis, Bas

Different confiquration of rolls used in rolling mills

Mills are designed in different types of configurations, with the most basic beinglagivo
nonreversing, which means there are two rolls that only turn in one directionnwdtegh
reversingmill has rolls that can rotatin both directions, but the disadvantage is that the
rolls must be ®pped, reversed, and thénought back up to rolling speed between each
pass. To esolve this, théhreehigh mill was invented, which uses three rolls thatiate in

one direction; the metal is fed through two of the rolls and then returned through the othel
pair. The disadvantage to this system is the workpiece must be lifted and lowered using al
elevator. All of these mills are usually used for primaryimglland the roll diameteramge

from 60 to 14@m (24 to 55n).
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Various rolling canfigurations Key: A. 2high B. 3high C. 4high D. 6high E. 12
high cluster & F. 26high Sendzimir Millcluster

To minimize the roll diameterfaur-high or clustermill is used. A small roll diameter is
advantageous because less roll is in contact with the material, which results in a tfoevantb
power requirement. Theroblem with a small roll is a reduction of stiffnessjethis ovecome
usingbackup rolls. These backup rolls are larger and contact the back sheesofialler rolls. A
four-high mill has four rolls, two small and two ¢ge. A clwster mill has more than 4 rolls,
usually in three tiers. These types of mills are commonly used to hot roll wide plates, most ct
rolling applications, and to roll foils.

Roll deflection during rolling
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6.3  Applications of Rolled Products of SAIL

Hot Rolled Coils, Sheets

Used for construction of tanks, railway cars, bicycle frames, ships, engigemilitary
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 where they undergo
further processing. Hot Rolled Chequered coils and platebesng produced for usingi

floor as antiskidding.

Plates

Steel plates are used mig for the manufacture of bridges, dams & windmills, steel
structures, ships, large diamefapes, storage tanks, boilers, railway wagons, and pressure
vessels. SAIL ao produces weath@roof 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 products of the cold rolling mills include cold rolled sheets and coils, vaniclhised
primarily for precsion tubes, containers, bicycles, furniture ,whitegoodsistry and ér

use by the automobile industry to produce car body panels. Cold rolled pradeicitso

used for further processing, including for color coating, galwagiand tinning. Galvanized
Sheets are used in roofing, paneling, industrial sheeting; air condition ducting and structural
applications. Electrolytic ih Plates are used in containers for packaging of various products
including edible oils, Cola, Fruit ines, Pickles and confectiary items.

Railway Products
Rails are one of the mainlied produ¢s by SAIL. It is used primarily to upgrade and
expand railway networks.

Structural s
I-beams, channels, and angle steel are used in mining, constructtannefs, factory
structures, transmission towers, bridges, ships, railways, and other infrastructure projects.

Bars and Rods
Reinforcement steel and wire rods are primarily used by the construction industry.

SemtFinished Products

Semitfinished produts (blooms, billets and slabaje converted into finished products in
SAI L6s pplaotar]sosiessgr extent, sold to4Ralers for conversion to finished
products.
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Alloy and Stainless Products

Alloy and special steel products with alloyed edets including chromium, nickel, vanadium
and molybdenum are primarily used for sophisticated applications, including in the
automobile, railway, aerospace, power, nuclear,submarines and defence industries.Spec
alloy steel bittets and bars made for ek are used in shell makingclal and spade plates
are critically applied for armour dnammuniion vehicle application only. Corrosion
resistance cold rolled stainless steel coitsl asheets are usedrfaliverse applications
including household utensil automobile trims, elevators, fuel, chemical, fertiliser, LPG
tanks, atomic power, boilers, heavy engineering, dairy and food processing equipment, co
blanks, building and interior decoration, and pharmaceutical equipment.

Speciality Products

Specialty products include electrical séts, 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 materiate heated to a specified temgtere and
soaked for given time depending upon size ofuinglab and their metallurgical
requirements for which it is planned to be rolled. Ideallis @imed to equalize the surface
and the core temperatures of the slell-soaked slabs are discharged from the furnace at
dropout temperature of 11ABOCC. The furnace discharge temperature is also to
compensate heat losses in downstream operatiornareby it depends on it.

Types of Reheating Furnaces:

In Primary mils Soaking pits are used whicheaprimarily batch type furnaces and at
present not in opation .In secondary (finishing) Mills, continuous reheating furnaces are
used. Continuousee at i ng furnaces are mainly of t
Beamtype. These 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.
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6.6  Rolling of Flat Products
Layout of a typical Hot Strip mill is shown in figubelow:

Reheating
urnace

Sizing press

= % Roughing Mill
) '/”
Edger Roll ~ 7 )~
&, ¢ Cooling zone

Finishing Mill 21 Coller
&£
4
Reheating Roughing Crop Finishing Cooling
furnace stands shear stands water spray
A A
s ™ - N
ol 0RO O vodRROOR
OOO%C))O
Hydraulic Delay Finishing Run-out
descaler table descaler table Coiler

Process installatianshown in the figure above and operations performedrigféyb
described below:

PROCESS:

Reheating

Walking Beam Reheating Furnaces are having 6 z@Rezheating zone top & bottom,
Heating zone top & bottom and Soakiagne top & bottom). 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 slabs and discharged-28a®00based on

the grade of the steel and tHarmed dimensin.

Descaling:
Layers of scales (oxides of iron) are formed on the surfadbesslab during its heating

inside the furnaces. The scales are removed by using high jeresster jet. The descaling
unit consists of headers fitted with ates for spraying water both at top and bottom
surface. Descaling is a very important precondition for rolling for defect free products.
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Roughing:
The major reduction to the input material is given at Roughing mill group to get the desired

thickness forFinishing Mill group. Main reduabn in thickness is achieved at Roughing
mills and compatavely smaller draft is given at Finishing mills. . For example, if strip of 2
mm thickness igo be produced from 220 mm thick slab, typically, thickness will be
reduced from 220 mm to 280 mm at Roughing stands (continuous or reversible) based on
the strip width .Final drafts are given at Finishing mill & the planned dimensions.

Finishing:

Final required dimensions of the end products are achievedshifigiprocess. Finishing
temperatee of the strip(which is temperature at the last finislsitagnd is a critical
parameter, is maintained and not being allowed to decrease belovfiedpemperature
for particular grades of steel . This is donedbi@ve the metallurgical 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 desired lowjy temperature. It is very much important for
getting the desikt metallurgical properties of thetrip. The number of the water banks to be
operated is deded by the targeted cooling rate of the strip to achieve the required coiling
temperature.

Cailing:
The Strip moves over ROT and gets coiled in coilers. The eod taken out 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 rolled products. Weighment of
the coils, inspection and sampling for both chemaradl physical testing is done beé
processing and dispatch.

Equipments:

Reheating Fumace:

Re-heating furnaces of hot Strip mill are mainly of two typessher type or walking bea

type. The walking beams are hydraulically operated and the moveohestdbs inside the
furnace is carried out by a set of moving & stationary beams. In pusher type furnaces the
movement is achieved by pushing the slabs one after another. The combustion system i
mainly of recuperative type with heating from top and bott&acilities of skewed skid
systen are there in the furnace to compensate for temperaduegions.
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Descaler:

The surface of slab moving through water hydraulic descaler and they ro&r/strip is
impinged by highpressure water jets. At many placa mill stand with 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 generally having one stand, two stands and-stauitis with 4high
configuration. These stands can be revegshonreversing or combination types. Universal
type rowghing standsare equipped with vertical edgers for controlling spread of material in
lateral drection. Rolls of roughing stands are cylindrical and are cooledyshypvater.

Finishing Stands:

Finishing Stands of Hot strip mill normally have75stands in <4igh construction
(combination of work rolls and back up rolls). These stands are in tandem and strip passe
through them on continuous basis. Roll force, galp can be controlled through feifent
mechanisms such as roll bending, pair crossing,stofting ard varying crown of rolls.
Cooling of the rolls is achieved by spraying water/waiemixture over backup and work

rolls.

Coilers:
The coilers are sed for coiling 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 plate as well as
those for pipe manufacturers from the reheated slabs.

Edger NG Side guide Cooling table
s = Z8 pa
A
Side guide
Fumace PlateMill

MAJOR Parameters and factors affecting roled products and their control:

The following major factes affect thequality of rolled products

a) Temperature:

The desired temperature at variousgstaof rolling needs to be maintained for attaining
product within dinensional tolerances and properties.

b) Roll conditions:
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Roll change schedule has to be strictly adhered to and roll cooling conditions need to be
monitored continuously. Shape and dimensional tolerances also depend on the abowv
mentioned conditions.

6.7 Rolling Of Long Products

Long products have to be hot rolled only, to facilitate the dargdwction © be made in
passes. The mills can be basically classified into primary millssaadndary mills. Primary
long product mills manufacture semis mailipoms and billets. 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 tlaigh rolling method on twigh reversing mills or on
threehigh mills or, increasingly today, using the universal rgllimehod. The universal
rolling method has proved superior to the conventional methods duketdollowing
advantages: Closer rail tolerances, better surfacéyaat less roll wear.

Rail mill

Structural Rolling Mill

Rolling mills having facilities for rolling the billets, blooms, slabs and beam blanks. Input
materials are heatl in reheating furnaces (Walkingeam or Pusher Type) to desired
temperature (1100 to 13%). The Rolling is done through Rolling Stands (Reversing or
Continuous) to achieve the desirghape and dimensions. Brand marking on finished product
is done atihal stands.
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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 product to be rolled and
mill availability. High productivity is achieved mase of thicker size rolling.

PROCESS
The processes of rolling of long products banbasichy classified into following heads.

Reheating:
The reheating of inputs is done ittake the material plastically deformable and pliable for

rolling to givethe desired 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 pseitinOutput of
intermediate riiing is sentto finishing mills.

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 redugitren in these 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 output shape is made in these stands. In case ¢
TMT bars thermemechanical g#atment of bars is done afferishing mills area.

Cutting and stamping:
The finishel bar is ctito desired lengths as per customer requirement.
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In secondary mills stamping of slanumber and other details are done on the rolled products
in hot conditon. These are required for identification and traceability of product and
correlation with test results of destructive tests.

Finishing:
The finishing is done after the bar has been cooled to ambient temperature. Finishir
activities at different mills rmy involve all or few of théollowing steps:

i Straightening either by rollestraighteing machins 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 iscarried out by the producer and/or by customer deputed agency and/or by thir
party to inspect the products and ensure no defective products are sent to custom
Depending on the specifications, customer requirement the inspection may be for all br few
the parameters like Dimersi, Straightness, Squareness, Surface Quaignding, olour
coding and stamping are done.

Dispatch:
The products are sent to required destinatiolmagrily by rail and in some cases by road.

The activities involve documéattion (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 dispatch.

Equipments
Reheating furnaces:

The heating of inputs is done in rehirgtfurnaces.

Primary longproduct mills use batch type furnaces (Soaking pits) ébeating ofingots.
Finishing mills use continuous furnaces (either pusher type or walking bgzeh for
reheating of inputs.

Stands:

Equipments in which rolling isahe are called stands. They may consist of all or few of the
following componentsi Rolls, housings, bearings, chocks, couplings with drives,
manipulators, tilters, screw down mecharssifihe stand may have horizontal rolls or vertical
rolls or combinatiorof both types of rolls.

Accessories of stands:
Accessories of stands consist ofinta roll coding arrangements, guards, guides, tackles
and grease systems etc.

Automation:
Most of the rolling mills have Level automation and controlled with PLC rf@chieving
best output and reduction in down time.
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Drives:
In most of the mills reversible electrical drives of high ratings are required to drive the rolls.
In certain cases the drives give their output directly to rolls through spindles.

Shears / Cuting Saws:
Shears areaed to cut sections (Blooms/Billets) in primary mills. g saws are usketo
cut products of finishing mill to desired lengths, cut crops and samples.

Straightening machines:

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

End finishing equipments:
Ends with squee cut and good surface finish required in some finishiedyets is achieved
by milling or cold cutting with carbide saws.

Online testing equipment:

In some finished products online ndastructive testing is done by ultrasotgsting 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 equipreéntsire vey important
for integrated functioning of mill.

Defeds of hot rolled longproducts
Defects due to which hot rolled long products are rejectedomdyoadly classified as:

a) Rolling defects: Defects induced during the rolling prosesre classified as rolling
defects.

b) Steel defects:Defects resulting from steel making practices and getting carried
forward during the process of rolling to the end product may be classified as steel
defects.

Rolling defects:
Some defects of hot rollgnare:

Fins and oerfills, underfills, Slivers, Laps, Fire cracks and rolanks, Rolledin scale
Buckle and kink, Camber, Twist, Shear distortion, Out of square, Bdgeiseridgebuckle,
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 having high carbon and high alloy are hot transferred. All ingots and
continuous cast slab btooms are chargadto soaking pit furnaces.

The soaked material is traesfed from soaking pito cogging mill by cranes. The scarfed
bloom is taken to bloom shear fdiscarding hot top and bottom end. The sheared bloom is
ready for finishing rollingeither 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 depends on the grades and final property requirement.

The stainless steel slabs received from Alteel Plant, aréeated in a walking beam
furnace in Salem Steel Plant. t&f this the slabs areansferred to steckel mill for hot
rolling.

Slabs are rolled in 4 higroughing mills to get required-Bar 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 shot blasting. After exposing the
surface, defects are removed by grinding to the allowahi¢hd®efective pdions are
discarded by gas or saw cutting. Ultrasonic féstectors are usedrfmspection of Rail &
pipes.

Surface inspection and dimensional chetkat rolled coils are done before coiling and
disposition.

Testing

Samples are clacted 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 done agy are taken upf cold rolling.

Heat treatment for Long Products

This isdone at the finishestage of processing dependimgmechanical property

requirement.
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SPECIAL PLATE PLANT (SPP)

Special Plate Plant (SPP) of Rourkela Steel Plant caters toetts of Defence & Space
requirements. Special Plate Plantghe only unit in India producing various grades of
guenched and tempered special steel plates, Armour Plates & Components for Defence i
larger dimensions. All these steels are weldable.

6.8 Cold Rolling

COLD ROLLING MILL (CRM)

Purpose of cold reduction is to aete, a reduction in ghthickness, a desired surface finish,
desirable mechanical propes, dose dimensional tolerance and producing as per customer
requirements. These thickiseseductions are achieved through mpéiss rolling in a
reversing mill or tandem mill. Apart from such mills, a cold rolling mill complex may
include other facilities for prand postolling operations. The sequence of operation and
material flow in aypical cold rollirg mill complex is shown in Figure 3.1.

Pickling line Continuwous cold strip mill

— @&WW > @ old rolled

Continuous annealing line

praoduct

Fecailing line

Box annealing ST -
— U ] Skinpass mill
Cpen coil annealing
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Hot RIIIed Strip

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
1 ! ’

'

Galvanised Plain| | Galvanised
Plain/Corrug

ated sheets

Tin Plate CR Caoil CR Sheet/Slit :
Coil Coill

(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 produced

Pickling Lines

During the hot rolling process, a layer of scale (Irordeg) is formed on thstrip surface,

which must be removed prior to further processing. Tmsokal of scale is performed by
physically breaking foscales by mechanical means &thchemically treating the surface

of hot rolled strip with an acid. The prc
by dissolving it in acid. Hydrochloric and Sulphuric acids are most commonly used for
pickling. Pickling rate with hydrochloriecid is 2.5 to 3imes higher than with sulphuric

acid under equivalent Batoncentration andrigperature conditions.

110



Cold Reduction:

After pickling, the main cold dbng operation, i.e. cold reduction, is performed dold
reduction mill where picldd 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 reversing directions;
or
fIn a continuous tandem mill where the strip is engaged in dewtaads
simultan®usly, enabling higttension force to be applied.
Cold roling in multi-stand tadem mill is widely used because of high speed of operation.
The roll arangement in each stand ishiggh, 6high and even 20igh. The 26high miles
are usedor 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 strip temperature
during rolling.

Cold Reversing Mill:

This is a 4Hi reversing mill which make 25 passes to trice thicknesslt consists
of a single stand with reelsdated on either sidaf the mill. Steel strip is passed back and
forth till the required thickess is obtained.

Coller Uncoiler/ Coil\_ / Uncoiler
Coiler ~

5555555

@ (b)

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

111



Tandem Mill(TM)

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

N Backup roll
. Work roll

_Backup ro , r|

AL T 7777 i 77

(b)

Schematic thgrams of 3.2(a)-tigh mill, (b) 6high
mill. and (c) Zhiah mill

Each stand of tandem or reversing mills consists of a set of independently driven pair of
rolls, which come in direct contact with the strip and create a converging gap fotinmpar
deformation ¢ the strip. These rolls are called work rolls. CompagatiVarger diameter
backup rolls support these work rolls. When the mill is having one paiook rolls and a

pair of backup rolls it is called-digh mill. To impart further riglity, 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 callechigh mill. A mill in which each work roll is
surrounded by a cluster of backup anttimediate rollss called Zhigh mill or Sendzimir

Mill. Schematic diagram of these mills arenewn in figure 3.2.

ROLL SHOP

All Integrated Steel Plants have Roll d&is/Roll Turning Shop , which does
grinding/finishirg of Rolls.

These depts supplié&ork 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 Finished product of all Mills is dependent upon quality of finishing of Rolls.
All rolls are changed afteertain Tonnage rolled which is different for all mills.
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ELECTROLYTIC CLEANIN G LINE

Electrolytic Cleaning is required in case material rolled witthtpgrcentage 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 cause the loss.
Now these CR coils are to be annealed in protective atmosphere so as:
1. To improve the medmical properties.
2. To increase ductility, particularly teestore the normal odlitions of steel after cold
working.
3. To relieve the internal stresses.
4. Toremove chemical neaniformity.
5. To change the micretructure of steel from the dosted structure of cold worked
steel to the eqtéxed structure.
Annealing is done in either of the following two lines:
1. Hood (Batch or Box) Annealing Line (HAL)
2. Continuous Annealing Line (CAL)
Whichever method of annealing is used, the steel is maidtainder a protectes (non
oxidizing) atmosphere usingydrogen and nitrogento prevent oxidation fosteel while it
is at high temperature. For cleaner and brighter coilsetimes, Hydrogen is used as
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 development of continuous and open coil annealing.
The main reason fots wide use is thavide range of annealing cycles can badapted to
suttoCst omer s6 requirements.

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

f

T
(b)

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

Skin Passing:

After annealing, the coils are given a further light rollingheut strip lubricéion. This
operation is called a&kin passingor tempers rolling. It is a ©ld reduction method and the
steel surface or skin is hardened by cold workingpkeg 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 where temper rolling is carried out is normally a single staigh4

mill.

Both single ad double stand Skipass mills are present in BSL & RSP.

Following are the mia advantages of Sk Passing.

a. Imparts different surface finishes to the strip required fompag, coating
enamelling etc.
b. Gives a flat surface to the strip.
Imparts the desed 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 is improved, and the coil is oiled with rust preventive oil.

o

The skin passed coils ar¢éhe packed and dispathed to stock yards or Customers as
CR coils
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Sheet Sheeng Line (SSL):

Some Coils are sheared into different lengths in Sheet Shearing lines andosent
Customers as CR sheets. SSL consists of one uncoiler & a Flying Shearstoeets

of different lengths. Online inspection is done in most of the cases.

CR SLITTER
In slitter CR coils are slitted lengthwise and also to remove side trims to obtain uniform
width throughout the coil as customer requirement.

CUT TO LENGTH LINE (CT L)
In CTL slitted coik are sheared to the desired length as perroesteiequiement.

Coated Steet

SAlL6s family of <coat ed thsdtdpped and blecteotyticatiyr o d |
applied coatings. The protective coatings adgberior corrosion resistance to the many
other desirable properties of steel.

Electrolytic Tinning Line (ETL) Complex at RSP:

Here the Coating of tin is done by employing the principles of electrolysis in a acidic
medium.

The continuous Electrolyti€inning Line produce a shining tin coated surface in a variety
of coating thckness. The tin plat shearing lines are equipped with sensitive pin hole
detectors and an aunatic off gauge detection system.

Continuous Galvanizing Lines at RSP and BSL:

Gdvanizing Lines in both RSP & BSL are Sendzimer type CoptistHotDip Galvaniang
facilities for Online Oxidation Furnace for removing oil, grease,-me Reduction
Furnace for annealing in protective atmosphere, Jet Coating for better control on Zinc
coating thicknessChemical Treatment to prevent atmospheric corrosion arehriBig
facilities.

There are also muitoller corrugating machines which produce corrugateeish

Shipping Section:

All Cold Rolled products like CR Coils/Sheets, ETP & Ge/@re packed, weighed, and
despatched through Road or Rail Wagons in Shippintiddec

6.9 Major Cold Rolling Defects

Holes, Scale Pits/Scabs, Scratches, Roll Imprints / Roll Marks, Coil Breaks, Orange peel
effect, Wavy edge, Centre buckle, Pinch, Bguor Oxidation, Watestain /quench marks.
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6.10 Introduction to Pipe Plants and Silicon Steel Rant
PIPE PLANTS (PPs)
Rourkela Steel Plant has two Pipe making mills

ELECTRICAL RESISTANCE WELDING PIPE PLANT (ERWPP)

The ERWPP in RSP is modernizedthre year 2005 with high frequency welder and is
named as HFW pipe plant. It ieslgned to produce IS ,ASTM and API grades pipes up to
grade AP{5L-X70 of diameter rangingfron™0 t o 18066 (219.1 mm t
diameter with wall thickness from.8 mm to 12.7 mm. Ae IS grade pipes are used for
transportation of water, wiry, sewerage ,asttc.1S 4270 grades pipes produced at ERWPP
are used for structural jobs,afewells etc. ASTM grades pipes are also produced to cater
few orders.API 5L pipes are exclusively usedor transportation of gas and petroleum
products.

Hot rolled coils (from Hot Strip Mill of RSP or from out side sources like BSirg the
main input material for ERW Pipe Plant. This input material is cold formed to a tubular
shape by gradual t@mation and then welded by the combination of heat agskpre.

SPIRAL WE LDED PIPE PLANT(SWPP)

This mill meets the demand of handling bulk trantggan of crude oil from shore to

Refineries, slurry transportation, water suppig @ewerage disposal to civil engineering
pilings.. SW Pipe Plant has the capaaf producing both IS and API grade pipes in the
range of 160 to 720 (406.4 mm to 1828.6 n
14.2 mm.
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Hot rolled coils (from Ho Strip Mill of RSPor from out side sources like BSL) are the main
input mateial for ERW Pipe Rint and SW pipe plant. This input material is formed to a
tubular shape bygradual deformation and then welded by the combination of heat and
pressure in ERWipe plant .The HR coils are formed in spiral form and welded with filler

Pipe Manufacturing Process
& tordtit— Welded Pipe

Electrical steel is an iron alloy which may have from zero to 6.5% silicon (Si:5Fe).
Commercial alloys usually have siliconrmtent up to 3.2%higher concentrations usually
provoke brittleness duringotd rolling). Manganesend aluminumcan ke added up to
0.5%.

Silicon significantly increases the electrical resistivity of the steel, which desr¢he
inducededdy currentend narrows thhysteresis loopf the material, thus lowerig
thecore lossHowever, the grain structure hardens and embrittles the metal, which
adversely affects the workability of the material, especially when rolling it. When alloying,
the concentra&n levels ofcarbon sulfur, oxygen andnitrogenmust be keplow, as these
elements indicate the presencecafbides sulfides oxidesandnitrides These cmpounds,
even in particles as small as one micrometeriamdter, increasbysteresis lossesghile

also decreasingnagnetic permeabilityThe presence of carbon hasmere detrimental
effect than sulfur or oxygen. Carbon also causagneticagingwhen it slowly laves the
solid solution and precipitates as carbides, tissilting in an incrase in power loss over
time. For these reasons, the carbon level is tkePt005% or lower. The carbon level can be
reduced byannealinghe steel in @ecarburizingatmosphere, such agdrogen

The silicon mill Complex is designed to produceGuld Rolled NorOrierted electrical
grade Silicon Steel of various sizes and grades in the ddCoils as well as Sheets.
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6.11Rolling of Special steels (Stainless Steel)

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

Bell Annealing Furnace [BAF]

Annealing, Shot blasting and Pickling

After annealing coils are shot blasted and pickled to remove the scalartioerfcold
rolling. In order to remove the residual scale sticking to théaser pickling proess is
carried out.

Strip Grinding

Coils which require repair grindingg processed in the line using coarse emery belt to
remove the surface defects (slig, 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 rolling stainless steel at Salem. This mill istad@®mill having
two work rolls suported by eighteebackup rolls. Coolant oil is used during rolling which
hdps in strip coolingand also lubricating #hvarious moving parts.

Skin Pass Mill (SPM)

Skin passing is done for stainless steel coils using Mirror polish rollspmua the shape

and have a bright surface and uniform thickness

Sheet Grinding and Polishing Line

Sheet grinding and polishing machine is used to produce special finishes and hairline finish
on stainless steel sheets.
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Chapteri 7

GENERAL MECHANICAL MAINTE NANCE

7.1 Introduction

Maintenance can be defined asdbactivities which r@ required to keep adility in as

built condition, so that it continueso have its original Productive Capacity. The
responsibility of the Maintenance fction is to ensure that production plant and equipment

is available for productive use at minimum cost for the scheduled hours, operating at agreec
standard.

Therefore, the function of Maintenance Engineering of SAIL are entrusted with the
maintenance oplants to care of agular and thorough supervision of the conditions and
functions of all operanal equipments in theght time so that effects of deterioration can

be spotted early enough, before major costly breakdowns and damages occur to the
equipments.

Maintenance management

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

Manufacturing operations and maintenance management systems are now becoming highl
collaborative as will, offering feedlck loops where information and processes can be
exchange@nd acted upon.

It is important to have lib maintenance and operations groups working ofaselether to
optimize both operations and maintenance processes. This will be sdefgein achieving
the top two goals of minimizing downtime and maximizing asset utilization.

Every company wants to produce as much product as possible, at the lowest cost, with thi
highest return, at the best efficiency rate and, of course, withouhgutimeir assets tthe
ground.There is also a trend in manufacturing to ®an lowering produan costs
without invesing in people and processes. In addition, theréo@s much emphasis on
reliability engineering and not enough on planning and schredéls organizations gain a
better understanding for maintenance management they are beginning to realize that it is nc
only maintenance but total asset management that will lead them to success. As this tren
continues, t he concegtme mtf0 Awadidretdd ela nrcedp:
management 0.
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Stage 5

Cperationgl Excellence
Strategic
Asget
Management
i Equipment . 5“9'{4
| etandardization Engineered Relapiity
TR |
el Vendor i
IL!ﬂ:Tu. Reliability KM
Analysis
- Stage 3
{ Maintenance/ .
External OPl Crganizalional Excellence
Y| Integration |2enCNMarking
Asset Assat Strategies! Fallure Slage 2

Integrity SRCM Analysis Froachive Manlenance

Condition Base Craft Skills

Maintenance Enhancemeant Equipment History
Preventive L Stage 1
Maintenance el Plarnad
Mainfenance

Work Identification/ Planning | Work Execution/ Turnaround
Prioritization & Scheduling | Review Management

Figure 1. Asset Healthcare

DIFFERENCE BETWEEN MAINTENA NCE MANAGEMENT & ASSE T
MANAGEMENT

We have deeloped a table that depicts thenctional Excellence Model (Maintenance

Management) and Asset Management Excellence Mod@&y. compamg the two, one can
very easily see what the difference is between the models.
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Functional Excellence Model

1.

Operations owns production,
maintenance owns equipment.
Maintenance excellence means
efficient service (e.g. repairs) to
production. A customer sace mode
dominatel by operations. Most work
is inside planning time horizon
Repair efficiencys the best measur
of maintenance performance. No tir
to do it right, but hope there is time
do it over.

Production runs
have time tourn equipment over to
maintenance as scheduled.

Goals are set by functional manags
resulting in contradicry and sel
defeating reward/recognition
practices. Most measure are laggin
indicators, demonstrating past resu
Purchasing excellence mearas/img
the lowest cst of items available.
Pressure is on individuals to dottee.
Nogaugesorm|l s of A b ¢

IAsset Management Excellence Model

1.

Operations owns equipment and i
responsible for equipment health.
Maintenance is a partnership with
operations to identify and work wa
to improve equipment health.
Breakdowns represent an
unacceptable management systen
failure, and require failure analysig
equipment and process.
Production insists on and participg
in assuring prevention and
improvement activities.

Goals are developedgalown in a
cascaded fashion. Furants share
lagging irdicator goals (e.g. maomy
production), and have unique lead
indictor goals that support activitie
(e.g. % of PMs performed to
schedule).

Purchasing anthventory
management 6s hi
service level and mean time betwsg
failure for purchased parts.

Each piece of equipment has an
operating performance specificatig
and gets the attention necessary f

The benefits of a successful Assetridgement Strategpclude:

Accurate analysis of equipment maintenance, repad replacement rewls.
Increased availality of production systems and equipment.

Fewer failures of production systems and equipment, resulting in fewer unplanned

outages.

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

reprocessing product.

Lower costs for system and equipment maintenance, spare parts inventory, and

capital replacement.
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7.2  Maintenance Objectives

Maintenance is an integrpart of an Organgtion in its entirety and therefore, Maintenance
Objectives should be establisd within the frameworkof the whole so that overall
organizational or corporate objectives and needs are adequately fulfilled.

The Maintenance Objectiveseatio:

a) Ensure maximum equipment availability for meeting APP targets;

b) Maintain plant equipments and facilities at an economic level of repairs at all
times to conserve these and increase their life span:

c) Provide desired services to opgrgidepartments at imum levels:

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

e) Ensure operational readiness of all stagdequipments;

f) Eliminate hazardous environment and to ensure safety of workmens.

ASSIGNMENTS OF MAINTENANCE :
The assignments of Maintenance are likely to be categorized in two big groups, one not les:
important and vital than the other. These are:

a) Theactual maintenance atesit

b) The theoreticaind organizational assignment of Maintenance.
ACTUAL SHO P MAINTENANCE :

An outsider usually sees thahop activities of the maintenance with their obvious results of
maintained and repaired equipments. These are:

)] Attending continuousunning equipments such as air compressors,
central lubrication or hydraulic stations.

1)) Cleaning of equipments.

iii) Short term checking and servicing of equipments.

iv) Lubrication of equipment

V) Long term inspection and maintenance.

Vi) Planned repair during Shutdos

Vii) Capital and Mpor repairs.

viii)  Physical elimination of weak points in Designd Materials.
iX) Unplanned repairs due tor@kdowns.

X) Emergency Manufacture of small spares on shop.

ORGANISATIONAL AND ADMINISTRATIVE ASSIGNMENTS OF MAINTENANCE:

MaintenanceOrganization group must ensure availability of equipments and services for
performance of their functions at optimum return on investments (ROI) whether this
investment be iIMACHINERY, MATERIAL, MEN and MONEY.

These are:

i) Management of Men:

This includes men power @hning, selection, training, evaluation and placement.
Additionally it aims atcreating sufficient andapable staff groups like Design Department,
Maintenance Planing Department, Consumption Cell, Hydraulic and
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Pneumatic & Lubricatin groups, Repair shops etc. to meet day to day maintenance to
guide, control and evaluate activities of maintenance and services.

i) Management of Machines:

Maintaining inventory of equipments, elaboration and application and development of short
and lang term equipmenthecking and servicing, planning of major and Capital Repai
Plans, Breakdown anhDelay Investigation red Analysis, Standardization of equipments
come under this ¢agory.

iii) Management of Material:

Inventory, Spares and Consumable gateation, implementation of manufacture and
repair of Spares, indenting of spares, consumables and tools etc. come under this category.
iv) Management of Money:

Management of Maintenance Budget, implementation of an accounting system for
evaluating cosbf manufacture ancepair as well as follow up of the cost of expenditure on
account of maintenaeacomes under this cagiary.

7.3 Types of Maintenance Systems

Any Organization Wiich is involved in machinery, plant, equipments and facilities must
have aclearcut maintenance policy.
Broadly the following methods are used for carrying out maintenance activities.

a) Breakdown maintenance

b) Preventive Maintenance

c) Planned Maintenance

d) Predictive Maintenance

Breakdown Maintenance:

This is evat based and caetl out when breakdown of equipment takes place bringing
down production. This idirefighting and should be aided at all cost. Cause of such
breakdowns must benalyzed and action must be taken formeaurrence of the same.

Preventive Maintenance:

Preventive maintenance system refers to those critical systems, which have to reduce th
likely hood of failures to the absolute minimum. This is an endeavor to forestall unplanned
down time of Machines. It consists of Planned & Coordinategection, adjustents,

repair and replacements in maintaining equipméresventive maintenanaé a machine or

a running lire can be carried out both during operation as asedhut down.

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

Result : Minimum operation down time, better overall maintenance planning ,
emphasizes weaknesses in equipments and accessories and reduces maintenance cost .

Planned Maintenance

Planned maintgance is carried out with forethought, control and recdalsa pre
determined pla. In the planned maintenance system the emphasis is the machine needs an
the eypected requirements from the machine. It has to be centered around thal origin
recommendations made and prescribed by the original equipment manufacturer (OEM). The
maintenance manager has to use all his experience and expertise to super impos
refinements and improvements on manufacturers recommendations.

Essentials of Plannddaintenance
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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 the most important ingredient. A sound inspectidermyf®rms a strong base

for a good maintenance system. It must be carried out by sincere and experienced hands
that the right problem can be detected at the right time by the right people to take timely
corrective actions. One shid also look for stattory violation and unsafe working
conditions. The frequencies of inspectican be finalized depding upon the severity of

the working condition and its importance in the prdotucenvironment.

Planning and Execution:

Maintenance planning is esselitidbased on past experience, equipment condition and the
recommendations of the OEM. There can be both Long and Short term planning for
executing any repair. Men, Materials and supporting services have to be planned to carry
out anyplanned execution ofgglipments

Documentation:

Details of Maintenance activities and all atdd requirements witheference to men,
materials, services should be documented both before and»aftertien. This is required
for future references and building up of a sooraintenance history.

Feedback

The behavior of machines / equipments should be recorded from time to time immediately
after the repair so as to note the improvements/ changes in performance if any which will go
a long way in impoving and fine tunin@f future Maint@ance practices.

Investigation:
Suddenror gradual failure of guipments, repetitive failures must be thoroughly investigated

and the reasons edtified. This will help in prevention of unscheduled equipment
breakdowns. Mthods such as Root Cause Analysis (RCA) etc. are adopted to determine the
causes of failures and necessary actions are taken faeoaomence of the same in future.

Predictive Maintenance:

This is a technique to determine tb@ndition of in servie equipments irder to predict
when maintenance should be performed.sTdpproach offers cosawng over routine or
time-based Preventive maintenance because tasks are pmifonty when warranted. Most
Predictive Maintenances are performed while #opipment is in service, there by
minimizing disruption of normal system operations.

Adoption of Predictive Maintenance (PdM) in the maintenance of equipments can result in
substantial cost savings and higher system reliability.
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Reliability Centered Metenance or RCMemphasizes the use of predictive maintenance
(PdM) technques in addition to traiional preventive measures.

In recent years, the trend is for implementatiopreidictive maintenance activities, but it is
done without fully embracing a@nunderstanding 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
longer enough. While important,ébe measures are orthe first step.The results to cost
savings must be quantified and ther@iprease in revenue cagity.

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

Monitoring is just part of the proced3espite all of the improvements in reliability
engineering and prective technologs, this simple concept is still poorly understood
acrossindustries. Large capit@xpenditures are made to support monitoring, but far less
attention is paid to the analysis of the data acquired through process monitoring.

Competent indiiduals analyze data to convert data to information.

Companies must ensure the people performing analysis are competent, adequatel
resourced, and have the necessary controls within their processes to accomplish th
established obje¢iwes.

Traditional P& practices ofta take process for granted. Methods for acquiring data,
amalyzing data, reportinghformation and managing the information are rarely reconsidered
as opportunities for improvement. However, the new economic environment is forcing
everyonea reconsider conventional wisdom and accepted truths.

Technologies of Predictive Maintenance

To evaluate equipment condition Predictive maintenance utilizesdNsinuctive testing
technologies, such as infrared, acoustic (parigdigirgeand airborneiltrasonic), Vilsation
analysis, Sound level measurements; @nlalysis ad other specific onlintests.

Vibration analysis:

Every equipment in motion causes vibration and can be characterized by the frequency
amplitude and the phase of the wave. Whemaahine is operating normally, the pattern of
vibration is recorded as vibration signature. The deviations are registered on a vibration
analyzer and this lead to corrective action.

Ultrasonic:
The technique is useful to survey wtlickness of metallicvessels, pipingtc to detect
cracks and to determine extent of Corrodierosion at vulnerablareas.

Infrared Detection:
Use of infrared picture or thermograph is used for heated spot detection. This is particularly
useful when temperature are highdaronditions cannot be known of happenings inside the
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Furnaces, Vessels, Ladle walls and pipe lines including heat building up in  Electrical
cables etc. .

Eddy Current:
This is useful in the inspection of defects of fmoagnetic pe tube of heat exclingers or
otherunits.

Oil Analysis:
By analyzing the oil samples ofeéhlunning equipments, formation regarding deterioration

of components can be established. It is a long term programme but can be more predictiv
than any other technologies. Thencentration of metallic particles shows the extent of
wear in the equipments and this calls for timely action before any break down takes place.

Latest techniques of maintenance adopt a proactive / precision maintenance approach.the
philosofy behind thikind of technigge i s: 0 fi x it once and f |
Main constituents athis technique are:

1. Opeating context of a particular equipment/machinery

2. Coll ection of historical dat aof equipmn

3. Performance of special testhuas bump test, phase, lubricant,thermography etc.
Advantages and Disadvantages of proactive maintenance:
Advantages:

1. Equipment life is extended

2. Equipment reliability is improved

3. Reduction in failures

4. Downtime reduction

5. Reduced ovefamaintenance
Disadvantages:

1. Increasd cost of instruments and services.

2. Additional skill is required for operating insuments.

3. A change in mindset and philosophy isided.
The need of hour is to shift towards short CGT (Cleaning, Greasing & Tightening) regime
from conventbnal PPM schedule.
Benefits:

U Adjusting maintenance needs to higher production requirement.

U Reduction in maintenance downtime.
U Optimum utilization of manpower.

U Increased frequency of cgt ensures greater reliability.

7.4 Latest Trendsin Maintenance:

Computer Managed Maintenance SysteniCMMS) is adopted in some @iur SAIL units

is of immense value in terms of Equipments documentation, Maintenance planning
(Schedule, Inspection and Lubrication), Costs, Material requirement, Management
Information System .

The advantages are :
i) Instant communication to all levels of managetaen

126



i)  Optimisation of available resources of men and materials
iii)  Improved planning and scheduling
Iv) Ready accessibility to job backlogs
v) Improved invatory control due tonstant access &iock data

vi) Overall improvement in system and time manageimfor purpose of
implementation.

CMMS Moduleconsists of the following:
1. Equipment classification

2. Maintenance Planning ,Execution ,Monitoring, Evaluation and History
3. Captive Shoschedule and Manufacture of spares for optimum utilization

4. Material planning / Purchasiry Stores Control System

Condition Based Maintenance System (CBMS):

Condition Based Maintenance has been described asesprabich requires¢hnologies
andpopl eds skills that i ntddigns, andicaters (Rignostica v a i
and performance data, Operator logged data, maintenance history and design knowledge) 1
make timely decisions about maintenance requirements ofregqotp .

The goal of Condition Based Maintenance is to optimize reliability and availability by
determining theneed for maintenance activities based on equipments condition. Using
APredictive techni gue snioring and obdservaihsp gt icam e c
used to project forward the most probable time of faitun@ enhance the abilitf the Plant

to plan and act for prevention of the same.

Preventive maintenance jobs that are taken up are not only limited to time based frequencie
but baed on conditions also. While regular inspection, monitoring of parameters like
pressure, temperature, current .etdetects many job requirements, maintenance
organizations are adopting modern methods of Condition Monitoring atdeatader
PredictiveMaintenance (Pd)

7.5 Lubrication
Introduction: -

A common featug of mechanically engimeed system is relative motion of one component
with respect to another. Friction results in energy dissipation. The most standard approach i
to use lubricabn in the hydrodynamic range. The friction may then be considerably
reduced.
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Origin of friction is very basic imature and extreme care is required to reduce it to a low
level. It is considered as a system property with a pairaienals being specéd. A few
important thumb rules apply:

1. The friction force always acts indirection opposite tohiat of the relative velocity
of the surfaces.

2. The friction force is independent of the apparent geometric area of contact.
3. Rolling friction is always much Issthan the sliding friction

Wear is progressive loss of substances from the operating surface of a bodgus @ re
relative motion at the surface. For dry metals in sliding contact it is important to note that:

1 Wear rate is indpendent of the appartearea of conta.

1 Wear varies with load applied.

BASIC OBJECTIVES OF LU BRICANTS

The basic objetves of lubrication are to reduce friction and control wear in machine
elements which are in relative motion. In addition to these:

1. Toremove the heat genezd at the inter face (contact) area.
2. Flush out contaminants by carrying them to filter.

3. Resist formation of depds on surfaces.

4. Inhibit aeration (air bubbles) and foaming of lubricant.

5. Dampen noise.

6. Act as a sealant.

7. Protect surfags against corrosion.

The lubricant ould be a solid, sersolid, liquid or mist form. The usef a particular type
of lubricant depends on the nature of application. Liquid lubricants find greater usage as
compared to other forms of lubricants.

Greases

Greasas defined as aolid to semi fluid product of base oil & thickening agerdely used
because of its unique property to adheréh® contact surface. The liquid phase may be
mineral or synthetic oil or a mixture of two. The thickening agent soreetatied a gelling
agsmtmaybeametal i ¢ soap, mixture of sedsagescateredh e
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for by petroleum oil greases. The most common greases are made from metallic soaps
Among soap based greases calcium grease first appeared, followed by sodium; sodiun
calcium, lithium & complex greases. Some additives are likecadiants, antwear, anti

foam, rust inhibitor,corrosion inhibitor are added in grease to improve its performance
according to application.

In selection of grease tgrarature is an impon factor. Petrieum greases are inexpensive
and adequate for temperaturbstween-30°C and 108C. Some special greases may
withstand a temperature above 4D®on soap based greases in particular silicone grease &
calcium suplphonate, poly urea basedseful. For low temperature applications, synthetic
greases have proved successful.

Advantages of grease:

1. Less frequent application as it is easily retained in the system akdgk is
minimum due ¢ less flow abity.

2. Better rust prevention characteristic compare to oil.
3. Lubrication of inaccessle parts.

4. Provides better sealing action by preventing lubricant loss and ingress of
contaminants.

5. Requires simplified housing design.

6. Simpler seals couldigo be very effective due to the physical property (flow ability)
of the grease.

Disadvantages:
1. Does not performsaa proper coolant.
2. Cannot flesh away contaminants like liquids.
3. Requires higltorque to its semi sl nature.

4. Heatgeneration is high due to high viscosity value

Grease nomnclature is according tthe thickner (soap) type, additives & its consistency in
NLGI scale from 000 (fluid) to 6 (very hard). NL&Ilis the normal grease us€dlLGlI-
National Lubrcation Grease Institute)

Lubricating Oil

Oil is a liquid which is lighter than water and insoluble in it. Ligatchormal temperature
of a viscous consistence and characteristic unctuous feel, lighter than water and insoluble i
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it. Oils derived from vegtable sourcesra generally termed atty oils and oils from
animal souces as well.

Today petoleum is the biggest economical source of lubricants knownireral oils.The
normal working range for use of mineral oil-20° C to 90C. For every 1€C rise over the
maximum temperature limit maximum life is reduced by 50%.

Synthetic oils have high and low tempeira operations and fighting fire hazards gave way
to its development. Sonalvantages are over mineral oll

1. Wide tempertaure range.

2. Prolongedlife

3. Less oxid#on

4. Minimum loss in consumption due to low volatility.

Oil lubrication systemsare widely used in rolling mill gear box, Bearings of turbine & large
fans of sinter plant.

Lubrication methodologies

Every lubricating point has a specifigbricant requirement, lubricant schedule, working
environment and manner of lubrication. Therefore lubricationlogbphies differ
accordingly as 1) Manual and 2) Automatic Lubrication systems.

Further either of the system can beegarized as 1) Singl@oint lubricaton and 2)
Centralised lubrication system.

Manual Lubricati on

Manual Lubricationcan be done either at individual lubricating points or into a particular
point from where it is centrally distributed to different points through a network of

pipelines. Here, the lubricant is manually pumped from a mobile/dedicated can/tank and the

flexible discharge hasis connected either directly onto the grease nipple or into a fixed
point from where it gets distributed into the netlu Manual lubricatia is preferablen
mobile systems where connecting hoses and pipelinegeéetlubricating pointand a
fixed pumping station is not always possible or economical. It is also preferred where the
lubrication schedule is not frequent. The main disadvantaigesnual lubrication systems
are that the number of lubricating points that can be lubricated from a centralap®in
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limited since the high pressure necessary will not be possible manually. Also, when it comes
to lubricating indivdual lubricating poirst, given the shex number of bearings in a large
scale industry as well asome lubricating pointbeing inaccessible, the chances of some
bearings missing out on lubrication are high. Moreover, it is very difficult to adequately
maintain the quantity ofubricant and the frequency of lubrication into individual
lubricating points.

Automatic Lubrication

Automatic lulsication systems negate manual involvement in the lubrication process. Here,
a pump driven by a motor pressurizes tHeittant stored in a servoir into a fpeline. The
pressurized lubricant with the help of vasodistributors and pipiles reach the respective
lubricating points. The advantage of automatic lubrication systems over manual is that large
number of lubricating points can be fidated from a single pumping system due to the
high pressures that can be attained. Moreover, the quantityramfdobcan be controlled.

Automatic lubrication may be of single point or centralized lubrication system.
The centrlzed lubrication sysms are of 3 tygs

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 pipelines to lubricating points through single line matgrdevices or distributors.
From the distributors, the lubricants pass through one lubricating point to another
progressively; that is only after one point is lubricated does the lubricant proceeds to the
next. The disadvantage hesehat if there is &log in the pipng of any lubricating point, all
subsequent lubricating pas remain un lubricatke

Dual Line Lubrication System

In the dual line lubrication system the pumping system is similar to single line; but here, the
entire lubrication is dividethto two phases or cycles. The first cycle takes care of half the
number of target lubricating points and secoralf hargets the remaining half. This
changeover is done by a change over valve (COV). Here the lubrication is nospragre

but parallel thais jamming ofany one pipeline will not stop the lubrication of other
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lubricating points. Alsosince a single system will take care of both the cycles individually,
lubricating points of the order of 380 points spread over very large distances @n b
brought into the network. Also, the necessary lubricating quantity, pressure and frequency
can be maintained bed on requirements.

The advantage of a twlme system is that it supplies an exact metered quantity of lubricant
from one pump station ovéarge distancesrhe metering devices are operated by two main
lines, wheeby here the lubricans simultaneously the control medium of the system. The
two-line system can be combined with secondary progressive metering devices, thereby
increasing the tal number of lubrication points that are served by a-lta@® metering
device.
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Dual line grease lubrit@n system is extensiblused as automatic system in steel plant.
HYDRODYANAMIC LUBRICATION:

It signifies that such a lubrication mechanism is due to motion. The shape of twaesurfa
being separated by the lubricant film and their relative motion is such that a pressure is
generated in the bricant film which takes up the external load. Usually in hydrodynamic
lubrication thickness of lubricant film (film tbkness) is significantand the pressar
generated is not adequate enough to deform the sultmedly.

HYDROSTATIC LUB RICATION :

It signifies that the lubricant is supplied at such high pressures that it separates the surface
in relative motion, simultaneously taking up théegnal load and hydrodynamic action may
or may not be present.

OIL MIST LIBRICATION

It consists of a mixture dafil and atomized oil being supplied to the bearing housing under
suitable pressure. Oil mist is formed in an atomizer.
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7.6  Bearings & Bearing Housings

Beaings are machine element and are designed to overcomienfrio provide ease of
rotation & transmit the load. Generally bearings are made of Gunmetal. One way to reduce
friction is by adding lubricant and other way is to utilize rollingneénts. Friction is
reduced as things roll easier than they slide. Bearings are designed to support shafts ar
allow free rotation on applied loads. There are three basic type of lRadslloads are
applied perpendicular to the shakial loads are jplied pardel to the axis of rotation.

Combinationload is encounteredhen the bearing simultanusly subjected to radial and
axial load.

Bearings can be categorized as:
I. Plain bearings

Many applications require oscillating, linear movements and mregagcommodating
misalignment. Spherical plain bearings, rod ends and bushings in various designs and witt
different sliding contact surface combinations are suitaBleshings are also referred to as
journal or sleeve bearing. The plain bearing is cyltadrin shape ahdesigned to fit tightly

in the housing and on the shafheadvantages of plaibearings include:

1) Smaller outside diameter (as compared to rolling elemennhbea
2) Quiet operation and absorption of shock loads
3) Repetitive back and forth motion and low cost
4) Can take more misalignment compared to rolliegnent bearing

Bronze, Babbitt, PTFEare various low coefficient materials used in plain bearing
construction. Some plain bearings aremtenance fredybrication not required).

RADIAL SPHERICAL PLAIN & ROD END BEARING
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These bearings find appditons in hydraulic cylinder clevis, large size valve. These are
available in maintenance free & requiring manatece types.

i. Rolling element bearings:These are also called as afmication bearings & more
complex than plain bearings. Its major compdseme: innerace, outer race, rolling
elements & cage.

Inner/Outer rae and rolling elements oy the bearing load, the type, size, and
numbers of the rolling elements directd]|

The cage is added to maair even spacing between each rolling element and to ensure
equal distribution of load. Steel & brass cage is mamm. Some cases plastic is also
used.

Seals and shields keep lubricants in and keep contaminants out. While increasing the
size and quantityof rolling elements increases the overall load carryingazty.
Bearingseals are mostly founchasingle and double row ball bearings. Bearing shields
are made up of steel and are affixed toc
shield doesiot make contact with the inner ring.

DIFFERENT BEARING TYPES

There are many types of bearings, each used fiarelift application either singularly or in
combinations. These include ball bearings, roller bearings (spherical, cylindrical, taper roller
& needle roller) &hrust bearings (ball or roller).

BALL BEA RINGS

Ball bearing is a common beag found in electric motor & centrifugal pump. These
bearings are capable of taking both radial and axial loads and are usually found in
applications where #hload is light to medium and is constant in nature (ie not shock
loading). Deep groove & angular contact type &vo variety of ball bearing designated as
BXXX & 7TXXX.
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ROLLER BEARINGS

SPHERICAL ROLLER

Roller bearings like the one shown are normalbgd in heavyluty applications such as
conveyer belt plgys, gear boxg industrial fans wherthey must hold heavy radial loads.

In these bearings the roller is a cylinder, so the contact between the inner and outer race |
not a point (like the ball daring above) but a line. This spreads the load out over a larger
area, allowing the roller bearing to handle mmgeceater loads than a ball bearing. However,
this type of bearing cannot handle thrust loads to any significant degree. Spherical roller
designated as 2XXXX.

Spherical roller bearing comes with plaon taper boreTaper bore bearing is uevith
adapter or withdrawal sleeve for easy mounting & dismounting. Adapter sleeve are
designated as-PXXX.

Double row spherical roller of diameter above 5 is used in converter trunion bearing
in single piece of split type.

CYLINDRICAL ROLLER BEARING

Cylindrical roller bearings generally are single row bearings with a cage-ddjggcity
bearings, double row bearings, mutiiw bearings, single, dolédand multirow full
complement bearings (without a cageg split beangs are other varietieBearings with a
cage can accommodate heavy radial loads, rapid accelerations and high speeds. Full
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complement bearings incorporate a maximum number of sadied are therefore suitable
for very heavy radial loads at moderate speeds.

Four row cylindrical roller bearingare generally used as roll neck bearing in rolling mills.
NEEDLE ROLLER BEARING

A variation of roller bearing design is called t
needle baring. The nedd roller bearing use
cylindrical rollerslike those aboe but with a very
small dameter. This allows the bearing to fit in
tight places such as gear boxes, cardan shafts
rotate at higher speeds & also has a more
carrying capaity.

THRUST BALL BEARINGS

Ball thrust bearings like the one shown are mo
used for lowspeed non precision applicatior
They cannot take much radial load and are ust
found in low precision farm equipment. Thrust b
bearing designated as 5XXX

ROLLER THRUST BEARING

Roller thrust bearings like ¢hone illustragd can
support very largethrust loads. They are ofte
found in gear sets like car transmissions betw
gear sprockets, and between the housing anc
rotating shafts. The helicalegrs used in mos
transmissions have angled teeth, this can caus
high thrust load that must be supported by this t
of bearing. Roller thrust bearing designated
8XXX
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TAPER ROLLER BEARING

Tapered roller bearings are designed to suppagelaadial and large thrust loads. These
loads can take thierm of constat loads or shock load$apered roller bearings are used in
many gear boxes, where they are usually mounted in pairs facing opposite directions. This
gives them the ability to takdéarust loads in both directions. Taper roller designated as
3XXX in metric size & in inch size 9XX/9XX.

Four row taper roller bearings are used in rolling mills rolls.
BEARING DESIGNATION SYSTEM

The designations of most rolling bearings follow a systernntizgy consist of a basic
designation with or without one enore prefixeand/or suffixes

Common $Sffixes-

C- Plain bore

E- Internal design

K- Taper bore

W33- Oil groove with hole

Z- Metal seal on one side

Z7/27Z- Metal seal on both side

2RS Soft seal

MB- Machined Brass cage

Internal Clearance: Gl&ss than normal, CGgreater than normal, Ggreater than C3 & G5
greater than 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 typese some of the most common. Essentially further types of
bearings usually takall or some of the characteristics of the above beaamgi®lend them
into one design. Some tife special bearings used in steel plants are slew bearing, CARB
bearing,
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This bearing can take radial, axial & tilting loac

. Slewing bearings are gemaly manufactured ir

_/ \ i very large diameters & fixed by bolting. These
\,,___,_./ found application in blast furnace clay gun & t

hole drill machine, Caster ladle turret & hea
cranes Plain & gear (internal & external) are tv
varieties.

CARB Bearing It is a single row spherical roller bearing which ¢

take axal movement. Tis bearing finds applicetn
- S
(/A

in beam blank & slab casters.

Mounting and dismounting of Bearings:-

Bearing is an extremely accurate component parts which fit together with vess clo
clearances. The bore and the outside diameter are manufactured within close tolerance. T
fit with respective supporting membérshe shaft and the housing manufacturer tolerances
limit must be followed.

Three basic mounting methods are used, thecehdepending on factors such as the
number of mountings, daring type andize, magnitude of intégrences and the possible
availabletools.

1) Cold mounting/dismounting: -

Mounting of a bearing without heating it first is the most basic and direct mgumithod.

Force of sufficient magnitude is applied against the face of the ring having the interference
fit. This method is most suitable for cylindrical bore bearings up to about 70 mm bore and
for tapered bore bearings up to about 240 mm bore.
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For dismounting of plain bore bearings mechanical/hydradering pullersk press should
be used. ect hammering should be avoideditaway damage the bearing.

For mounting/dismounting of taper bore bearings adapter sleeve nut to be tightened/loosel
by C spanner.

2) Temperature mounting: -

Temperature mounting is the technique of obtaining an interference fit by first introducing a
temperature differential between the parts to be fitted. The necessary temperature
differential can be obtained in onetbt three ways:

a) Heating one part (mosbmmon)
b) Cooling one part

c) Simutaneously heating one part and cooling the other.

Heat mounting is suitable for all medium andgk size straight bore bearings with
cylindrical seating arrangements. Normally a bearing temperature °6f &5ove shaft
temperature (not to exceed 220 provides sufficient expansion for mounting. As the
bearing cools, it contracts and tightly grips ®feaft. It is important to heat the bearing
uniformly and to regulate hda accurately, since exces h e at destroys
metallugical properties (softens the bearings). Never heat a bearing using an open flame
such as a blow torch. Heat mounting reek the risk of bearing or shaft damage during
installation because the bearing can be slide easily on to the shaft. Appropriate eleetric healt
bearing mounting devices include induction heater, ovens, hot plates and heating cones. C
these, induction heate and ovens are the most convenient and induction heaterthe

fastes devices to use.
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Hot oil baths have traditionally beersed to heat bearings, but are no longer recommended
except when unavoidable. In addition to health and safety considesatie environmental
issues about oil disposal are also involved.

In case ofhot oil bath both the oil and the container must be absolutely clean. Oil
previously used for some other purpose should be thoroughly filtered. An insufficient
guantity heats ahcools too rapidly. Thus introducing the risk of inadeglyaor unevent
heating the bearing. Is also difficult in such a case tietermine when the bearing has
reached the same temperature as the oil.

Sufficient time should be allowed for the entlyearing to reach the correct temperature.
The bath should cover the bearing.

3) Oil injection mounting/dismounting: -

Oil injection method allows bearings and other components with an interference fit to be
fitted in a safe, controllable and rapid mannieris based on injection of oil between
interfering surfaes.The matingsurfaces are separateg & thin film of oil injected under

high pressure, thereby virtually eliminating the friction between th&imen dismounting
bearings mounted on cylindricabie, the injected oil can reduce the required pulling forces
by up to 90%. Subsequently, the physical effort required when using a puller to remove the
bearing from its seating is significantly reduc@ul Injection Method to dismount bearings
mounted orntapered bore, the interference fit is completely overcbsnéhe injectedoil.

The bearing is therjected from the seating with grefarce, making the use of a puller
unnecessary

This method canot be
the design of mountingSpecial oil injection tool is
required.

142



After mounting of bearings the axial float of the bearing should be as per OEM
recommendation.

Storage and handling

Keep bearings in their original unopened packages until immediately prior to mounting to
prevent the ingress of contaminants and corrodB@aringsare coated witta rustinhibiting
compoum and suitably packaged before distribution. For open bearings, the preservative
provides protection against corrosion for approximately three years. Thiéi@unadinder
which bearings and seals arerstb can have an adverse effect on their performance.
Inventory control can also play an important role in performance, particularly if seals are
involved. Therefore a "first in, first out" inventory policy isoenmended.

Sealed bearings, the lubrication propertieshaf grease witlwhich they are filled ma
deteriorate with timeLubricant deteriorates over time as a result of ageing, condensation,
and separation of the oil and thickener. Therefore, sealethggahould not be stored for
more than thregears

Large rolling bearings should only be stored lying down, preferably with the support for the
whole extent of the side faces of the rings. If kept in a standing position, the weight of the
rings and the flbing elements can give rise to permanent deformationusectne ringsra
relatively thin walled For the same reason, if large and heavy bearings are moved or held in
a position using lifting tackle, they should not be suspended at a single point;arathne

or other suitable aid should be dsé spring between the hook of the lifting tackle and the
sling facilitates positioning the bearing when it is pushed onto a shaft.

For ease of lifting, large bearings often have threaded hole in the ringritweghich the

eye bolts can be screwed. As the hole sizdéimited by the ring thickness, it i®nly
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 positioa shaft, it is advisable to provide
three pont suspensions for the housing and for the length of one sling to be adjustable. This
enables the housing bore to be exactly aligned with the bearing.

BEARING HOUSING

Bearing accommodate the bearinghmtit & also contain the lubricant within it. Also to
redrict the axialmovement locating ringare mounted within it. For oil lubricated bearing
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housing is different than the grease lubricated bearing housings. Bearings housings hav
different types ofseal according to the application like falipber, labyrinth etc. Bearing
housing generally split type. Single piece type housing is also used in some application.
Take up type bearing housings are used for adjusting the equipment. Flanged housings al
find application.

Common grease lubricated bearing hogsindesignated sa SN/SNA/SNEXXX. Oill
lubricated housings are designated as SOFNAOK.

Bearing housings are usually made of grey cast iron. Cast steel housings are used in specia
applications.

Same ball/roller bearings which are greasedefled with housing ready to mount are
called bearing units.

7.7 Power Transmission and Power Drives

POWER is transmitted from the prime mover to a machine, from one machine to another,
or from one member of ¢hmachine to anotheby means of intermediate mechanisms
called drives.These intermediate mechams are necessary instead of directly coupling the
machine to the prime mover, due to thkkowing reasons

1. Theoptimal speedsof the prime mover or that die standard motors may be different

from the velocities required to operate the machines. The prime mover s usually have
higher angular velocities, while the operating members frequently require a large torque
with relatively low velocities.

2. Thevelocity of the driven machinemay have to be frequently changed or regdiate
whereas the speed of the prime mover ghdad kept constant for its use to the full
advantage.

3. In some cases, several machines may have to be operated from only one prime mover.
4. Sometimes the machines are not coupled directly to the prime movershaft d

to the considerations of safety, convenience and sraantce.

MECHA NICAL DRIVES :
1) by modeof power transmission:

Transmission by
a) friction and by b) mesh

a) Transmission bifyriction may be further classified as:
1 With direct contact, e.qg. frictiodrive

1 With a flexible connection, e.g. beltives
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b) Transmission bypneshmay further be classified as:
1 With direct contact, e.g. toothed and worm gears

1 With a flexible connection, e.g. chain drives

The velocity ratio in toothed wheel gearing is lirditenly by size of the drive and in belt
drive, by the mimnhum allowable ec of contact on the smiat pulley.

From staight shot conveying systems to heaty power transmissiah belt and chain

drives are integral to their reliable operation.

Aln todayds world there are many factors
vs. chain drives. Many of these fars were not as important or not even considered just a
few years ago. [#eds, accuracy, safesgnvironmental and even noise factors now take a
high prominence in the modern decisimaking proces® along with the ageld factors

such agower, directio of rotation, how many axes are to be powédrg the drive device,

etc. Belts have improved a lot in recent years; so have chains and their method of
lubrication, we notice that belts are the preferred method in most modern applications for
precision dries.

Belts are friction and can handle high speeds snypothl

Speeds of 00 RPM are better suitedfor belts. Also, the fact that belts are a friction
technology means that in the event of an overload, belts will slip and avoid system damage.
For applicatbns in conveyor transmissions or to develofte, chains make better sense.
AConveyor s ardeunderBs0RPM dn thevdriver. Chains can be used with

a wide selection of sprocket ratios to achieve the desired spedthe demand for torque
gives chamns anadvantage due to mechanical ratios and the needdositive drie . 0

Chains are excelleribr a range of speeds and loads, plus chain length is easy to adjust by
specifying the number of links required.

fiThe chain selection process is fairly straigtfforward. Key things to know are
horsepowerRPM, intensity of shock load, temperature and exposure to potential corrosive
conditions.

Both belts and chains will produce some sort of contaminant during their operation. Chains
have grease, oil, and metarpculates. Belts will shed material over time as well.

The primary dif ferentiation between théwo is in maintenance Chains require routine
lubrication and more frequent replacement. In w@svn environments, the potential for
spread of grease and aibntamination is elevated and the mainteeanequirements
skyrocket.

KEYS AND COUPLINGS:

Keys: The most common function of a key is to prevent relative rotation of a shaft and the
member to which it is connected, such as the hub of a gear, pulleyigank.

An extensive use of keys is largely due to their simpledapendable design, comience
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 aeedtdhaft & pulley safe.

The major disadvangges are:

Keyways not only make the effective cresection of the part smaller but also involve
considerable stress concentration. Failures of shafts and axles are very often caused by hic
local stresses ari®y in the areaof keyway. One key cannot transmit large torqudse
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greater accuracy required andcomplicated load conditions made the development of
SPLINES made integral with shaft.

Becausethey can transmit greater loads at varying speeds and inopast IBut they have
uneven load distributiondbween the splines and they need special cutting and measuring
tools.

Couplings:

They are necessary to connect one shaft to another or to couple a drive shaft to a drive
shaft. Shaft couplings are used inaniaery for several purposes:

Beyond the basic purpose of holding togettwo shafts, couplings caomplish the
following:

T Reduction of shock loaddetween shafts.

1 Defense from overloadlf a system is running too hot or too fast, a major
mechanical catasiphe could occur. Some couplings help previet need for
costly repairs by disconnecting or slipping when a certain level of torque is
surpassed.

T Shifting vibration of turning parts. Vibration is key in industrial machinery; it is
like a heartbeat forhe enire meclanical system. Some couplings can alter the
vibration output thereby reducing thereunt of repair required.

T Mechanical flexibility and allowance for misalignment Couplings can facilitate
operations even when shaft misalignment and movearerniresent.

G couplings, also known as gear couplingsre a specific type of coupling that is often
used in hightorque, highhorsepower siuations.A G coupling does not typically include a
grid, which is &ind of net that is sontienes located within a coupling system. Compared to
universal joints, gear couplings can typically withstand more torque, while universal joints
cause lower Wrations. The basic structure of a G coupliagwo hubs with external and
internal teeth and a oner two-piece sleeve

Rigid couplings. These are perfect when misalignment is not an issue and when thrust loads
are high.

Floating shaft assembliesThes allov shaft connections across long distances. For
instance, if you havan engine that needstcop er at e a f an | ocated
no place to mount supports for the connecting shaft, a floating shaft assembly is a gooc
solution.

Slide coupings. These are used in circumstances wheraesaxial movement is needed
and thermal shaft expansion must also be accounted for.

Shear pin couplings.These are ideal in systems that tend to overload or become jammed.
When the pin inside the coupling breakheequipmat can no longer run. This prevents
damage by stopping thgsgem as soon as loadsdome dangerously high.

Disconnect couplingsThese are similar to shear pin couplings in that they can disconnect
quickly according to the situation at hamsconnect couplings may be used in both-low
and highspeed applications.

These are only a few of the varieties of G couplings available today. One thing holds true
for all of these coupling systems: They will last much longer with proper maintenance.
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Split Muff Coupling Gear Coupling

Rigid Coupling Sleeve Coupllng
T . . \\‘\\ \
. '«‘
Fluid Coupling Unwersal Coupling Jaw Coupling Bellow Coupling
Flexible Coupling Constant Speed Coupling Diaphragm Coupling FLUDEX Coupling  Bushed Pin Type Coupling

UNIVERSAL JOINTS

A universal joint is a positive, mechanical conitt Spider Yoke
between rotating sifta, which are usually not parall
but intersecting. They are used to transmlit motion
power, or both.

The simplest and most common type is called the
Camdan joint or Hooke joint. It is shown Figure 1 It
consists of two yokes, one on each shaft, conneci
a crossshaped intermediate member called the sp g6 1 - single Universat Joint
The angle between the two shafts is called the

operating angle

A basic characteristic of th€ardan joint is the nonuniformity of motion transmission

through the joih The angulawelocity ratio between input and out put shafts varies
cyclically at two cycles per revolution of the input shaft.

Oldham Coupling

Oldham couplings consist of threeembers. A floating member is trapped by &pthced
grooves between the two outer members which connect to the drive shafts as shown.
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Oldham couplings can accommodate lateral shaft misalignments up to 10% of nominal shaft
diameters and up to 3 arigumisalignmaets.

Lubrication is a problem but can in most applicatibasvercome by choosirggcoupling

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 universalrns

b. High lateral misalignments possible

c. High torque capacity

d. Ease of dismantling

Disadvantages:

a. Limited angular displacement of shafts

b. Need for periodic lubrication due to relative sliding mmotio
c. Possibldoss of loose members during disassembly

7.8  Technology d Repair of Steel Plah Equipments

All industrial equipments are subjected to wear and tear, stress, corrosion, ageing including
mishandling and mabperation. Systematic carecdaattention is required not only to keep
equipments in good working order but various technological methods are also adopted to
increase the service life of equipments.

Engineering technologies such as Machining, Welding, Fabrication, Fitting & Assembly,
Forging, Cashg, Heat treatment, Balancing etc. are adopted for bothuiaetaring and

repair ofspares and equipments. In order to cater to these needs, Captive Engineering Shog
have been established with all these facilities in our integratecpiiats.

The various facilities available withe engineering shops are :

Machine Shop:

Machining is an important method of shaping metal parts and especially of finishing them to
close dimensions. Machine Shop consists of light and heavy Maghiedbns equipped

with lathes, planers, Horizontal and Vertical Boringahines, Gear cutting achines,
Slotting machines and Grinders for manufacturing and repair of equipment spares like
Shafts, Liners, Gears, rolls etc.

Simple lathe tools and operatis are schematically shown below:
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Balancing

Unbalancein a rotor is theesult of an uneven distribution of mass, which causes the rotor
to vibrate. The vibration is produced by the interaction of an unbalanced mass component

with the radial accetationdue to rotation, which together generate a centrifugal force.

Sincethe mass component réga, the force also rotates and tries to move the rotor along
the line of action of the force. The vibration will be transmitted to the rotor's bearings, and

any point on the bearing will experience thoscke once per revolution.

Balancing is the process of attempting to improve the mass distribution of a rotor, so that it
rotates in its bearings without uncompensated centrifugal forces. This is usuallyydone
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addng compensating masses to the rotor at prescribed locations.deaso be done by
removing fixed quantities of material, for example by drilling.
Forging Shop:
Forging is a manufacturing process of shaping metal through hammering, pressing
rolling. Forging can be categorized accoglito temperature at which it is ppermed.
Basically there are two types of forging:

a) Cold forging b) hot forging.

Welding / Fabrication Shop:
Welding is a materials joining process by using high heat thhs e parts together and
allow them to cool causing fusion. A filler matdris added to the jot to form a pool of
molten material that cools to form a joint. This is a highly versatile process used for day to
day and regular repair of plant equipneenthe main Welding processes are :

a) Oxyfuel Gasweldingi Use the heat produced by a gas flame for melting the base

metal and if used, the filler metal. Pressure may or may not be applied.

b) Arc Weldingi A fusion welding process wherein union of work pieeg@rodiced
by melting the surfaces to be joined with the heat energy eokdiom an A.C. or
D.Csource.

c) Resistance Weldingy A group welding process, which produces union of metals
with heat obtained from resistance offered by the work to the flow exfradal
current through the park®ing joined.

TYPES OF WELD JOINTS

There are five basic types of joints for bringing two parts together for joining. The five joint
types are not limited to welding; they apply to other joining and fastening technigues a
well.

(a) Butt joint . In this joint type, the parts lie in the same pland are joined at theedges.

(b) Corner joint. The parts in a corner joint form a right angle and are joined at the corner
of the angle.

(c) Lap joint. This joint consists of tavoverlapping parts.

(d) Tee joint. In a tee jint, one part is perpendicular to the other in the approximate shape
of the Il etter O00T. 060

(e) Edge joint. The parts in an edge joint are parallel with at least one of their edges in
common, and the joint is rda atthe common edge(s).
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BUTT JOINT CORNER JOINT

LL‘LF‘ JOINT
EDGE JOINT

TEE JOINT

welded joints

Some Different Edge Shapes and
Symbols for Edge Joints
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Bevel-Groove Square-Groove U-Groove
Fabrication Shop

Welding, forming and fitmg are the three basicqeesses used mainly for fabrication of
metal structures / equipments. This is very important for repair /manufacture of steel plant
equipments and structureBabrication Shop is generally equipped wRiofile cutting

machines, Plate Bending machines, Shears, Welding machines of different types, Hydraulic
presses, facilities for heating & Material handling etc.
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Fitting & Assembly Shop Fitting & Assembly is animportant ingredient of a Repair
shop activity. Small and big equipmentsieed overhauling and repir after rendering
long service.

Huge repair shops under different units of SAIL cater to such needs which are equipped
with material handling facilities, ytiraulic Press, Heating arrangement, Portatdehines,
besides necessary tools and tackles and trained manpower.

Besides the above facilitieldeat Treatment section,Hydraulics and Pneumaticssection,
Gears and gearbox repairsection,Tool room facility, Instrument Section Inspection,
Chains and Sling Testingsections, &. have their importarcin the Engineering shops of
our steel plants.

Inspection & Measuring Instruments :
Inspection is an important wing of Engg. Shops where Measuring Irestigrplay vital role
in determining dimensionakccuracy of spare parts repaired / manufactured not only in
these units but also in all maintenance units across the steel plant.
Some of the commonly used measuring instruments are :
- Measuring tapes of ddrentlengths,

- Scales,

- Callipers (for inside & outside sizes),

- Slide/Venier callipers for mesuring length, inside & outside diameter, depth),
- Micrometers (for measuring outside & inside diameters),

- Dial gauges (for outside & inside diameters),

- Geartooth verniers for measuring gear tooth vitahensionsegtc.

Foundry & Pattern Shop :

The Shop produces ingot moulds and bottom plates vitally required for Steel Melting Shops.
They also produce Iron castings, Steel castings andfétamus castings toneet regular
requirements of spares for stetng.

In addition to Engineering Shops, departmets like Crane MaintenanceHeavy
Maintenance Engineering, Design, Field Machinery Maintenance, Loco Repair Shop
Electrical Repair Shopome within the ambitof Maintenance Orgarisation.

TECHNOECONOMICS
Maintenance costs:
Production unit of any magnitude cannot afford undesirable downtime. The concept of
maintenance costs deals with two aspects:
1 Costs actually related with maintenarerctivities.

2 Costsrelated with downtime of production units.

In maintenance activities, consumable products usedarrying out maintenance have
direct impact on costs. Labor costs involved in carrying out maintenance related works viz
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repair; reclaimations, erectioresting, inspection et have adirect or indirect impact on

maintenance costs. The aim of maintenance crew is to:

1 Control maintenance cost by salvaging, generating in house spares, proper assembly ¢
in house repairs and reduction of daime of equipments.

1 To ensure implementation of preventive mainteeamplanned maintenance, shut down
maintenance, odification & design maintenance to achieve maximum equipment
availability.

1 Daily planning of maintenance jobs, prioritizi€gexecution.

1 Periodic maintenancef routine, preventie maint@ance activities including condition
based maintenance.

7.9 Availability and Reliability of Equipments

Availability is a key performance indicator, which indicates the effectiveness of
maintenance in a wkr Availability canb e def i ned &ET QPERATINGt i o
TIME 0t oNER AVAILABILITY TIME 0 .

1 Net operating time=et available timeunplanned downtime

1 Net available time= total timglanned downtime

Few other important aspects to take care are:

Mean time between failus§ MTBF)

Mean down tne (MDT)

IN THIS WAY WE DEFINE AVAILABILITY AS RATIO OF

MTBF to MTBF+MDT

Thedown time in a plant comprises of:

Reporting time, inspection time, tool and man power arrangement, troubleshooting time,
logistics time, atual repair timespares procurement time, test run time, handireg tme

etc. SODOWNTIME SOLELY DOESNOT DEPENDJPON SKILL OF WORKERS OR
SEVERITY OF DEFECTS.

RELIABILITY stands for trust.

Reliability is the probability, that a machine when operated under a giventiconduill
produce tk desiredutput for given period of time.

A high reliable machine may have less availability; again a highly available machine may
have less reliability and high maintainabilitf/AINTAINABILITY i s basicall
degree of ease innmait enanc e o.

Total Quality Management (TQM) in Maintenance Organization:

Total quality management M) is the continual process of detecting and reducing or
eliminating errors in manufacturing, streamlinspply chaimmanagemet, improving the
customer experience, and ensuring that employees are up to speed with training.
Total quality managemergims to hold all parties imolved in the production process
accountable fothe overall quality of the final product orses¢iDoi ng busi ness
Global market calls for reduction in production cost with improvement on quality. Quality
means fAFitness fon wueest achid thaowlgydbideatmasiand
characteristics of a product or service. With the ongoing competition in the global scenario
it has become imperative to produce quality. Quality of Maintenance, like the quality of
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product must be éggned and built into the system, process or pethof maintenance.
Total quality of maintenamcdepends upon wellesigned plans, systems and procedures,
use of proper tools and test equipment, adoption of correct technical practices and the
creation ¢ conducive environmd for good maintenance.

Achievement of consistent quality output over a period of time should be the main objective
of the Maintenance function. Keeping this in mind, many of SAIL steel plants have adopted
ISO-90012000, the Quality Hallmark of International scenario into their m&nance
organizations.

710 Dobés And SBfesn 6t s &

DOS
1) Monitor oil contamination level regularly.

2) Oil tank temperature should be kept within specified limit to maintain desired viscosity
and prevehdamage of oil seals

3) Be caréul while opening pumps or valves, cylinders containing compressed spring.

4) Keep fire extinguishers, sand, water nearby place of cuttglding hydraulic pipes.

5) Before starting hydraulic pumps ensure opemhguction line vhre.

6) Periodically clean water filters providedimlet line of heat exchangers.

7) Keep away from ngaired pipe line flanged joints at the time of testing.

8) Always Depressurize a pressure line in steam/water/hydraulic/gas system before
opening.

9) Use gas maskbther safety appliams while working on coke oven gas pipe
line/valves.

10)Always take electrical shutdown of electrically operated equipments before start of
maintenance job.

DONTS

1) Never take up maintenance work in running equipments.

2) Never open hydraulicpipe connections without depressurizing the |oige or
component to be removed.

3) Never fill oxygen in place of Nitrogen in pressure vessels such as hydro gas
accumulators.

4) Never touch pump coupling without proper electrical shut down.

5) Never use cotton wesin hydraulic compaeent or fpe line repair job.

6) Never plug drain line of pump or valve.

7) Never allow welder to do welding job with wet hand or with wet hand gloves

8) Never apply sand paper to clean spool of hydraulic valves. Lapping gasbe used
to clean rusts in spools.

9) Never go alone in gas proaesa/conveyor belt area./ tunnels .
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SAFETY

Whenever system troubBhooting/maintenance is carried out; safety should be the
foremost consideration. So, it is better to have a systematic shutdoeedpre like one
given below
1. Take proper shutdown of equipments.
Lower or mechanically secure suspended load.
Depressurize the pressure line.
Where ever necessary stop valves should be closed.
Isolate the electrical control system.
Drain out accumulatounit.
Discharge both ends of intensifier.
Always check and record condition of rope ladder befwme.
. Always use tested tools and tackles.
10 Always balance load on either side of rope during rope changing in cranes.
11.Use CO monitor in gas areas.
12.Use safetypelts while workingm height.

©® N A~ WD
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Chapteri 8

HYDRAULICS

8.1 Introduction

Transmission & control of forces & movements by means of fluids is dajlédhulics.

Fluids under pressure can be used for Power Transmission. Fluids means gases (air) ar
liquids (oil or water etc). The system which uses a8 working medium is called
pneumatics and whic uses oil/water is called Hydraulic system. However water as a
medium for Hydraulics is rarely used in present day applications.

Velocity of the fluid is the average speed o§ifluid particles past a givepoint, measured

in meters/second. Velocity is an important consideration in sizing the hydraulic lines that
carry the fluid between components. Low velocities are desirable to reduce frictional losses
andturbulence.

Laminar Flow: If fluid particles ae moving parallel to the flow path, then it islled
laminar flow. It is always desirable to have laminar flow, so that energy losses are
minimum.

Turbulent flow : - If the path of fluid particles is haphazl and not paralleb the fow path
then it is cded as turbulent flow. This is not desirable and to be avoided at the design stage.
Lot of energy will be wasted as heat in turbulent flow.

Flow rate is the measure of volume of liquid passing througfivan point in unit time. It is
generally measuckin Ipm (liters per minute) or gpm (gallons peinute). Flow rate
determines the speed of the actuator and therefore is important for consideration of power.

Pressure

Force is the effort required to doettwork. It is basic#y a reflection of the resistace
caused to the flow of the fluid. Pressure means or measured as the force exerted per un
area, generally measured in psi, or kg#,am bar or MPa (1 Mega Pascal =10 bar)

Atmospheric Pressure

At sea level the whole column of atmospheric air exarweight or force of 14.7 pounds for
every sqare inch of the surface area i.e. a pressure of 14.7psi or 1.03kghumis called
atmospheric pressure.

1 Atmospheric Pressure = 1.03 Kgfeni bar =14.7si

Flow & Pressurare inte-related. Flow is rgponsible for causing the motion of piston in a
cylinder. It is the movement of hydraulic fluid caused by a difference in pressure at two
points. When we open the kitchen tap the pressure difference @retive water tank at
height and tap) pushes thater out, or causes the water to flow. In a hyticassystem flow

is usually produced by the action of the hydraulic pump. If the pressure is not sufficient to
take the load on the cylinder, it will not move
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GENERAL POINTS
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Oil is most commonly used hyaulic fluid, because it acts as lubricant for all
moving parts of hydraulic system.

Generally the weight of hyd. oil is around-58 pounds/cubic feet. One foot of oll
causes a pressure of 0.4 psi. A 1@olumn of water causes a pressure of 1 kg/sq
cm.

There must be a pressure drop across an orgsteiction to cause flow. If there is
no flow, there is no pressure drop and vice versa.

Force exerted by a cylinder is dependent on pressure of oil sugleston area
Speeddf the glinder is dependerdn piston area and the rate of fluid flow into it.
Fluid velocity through a pipe varies inversely to the square of inside diameter.
Friction in pipes results in pressure drop

Air is compressible, where ad is incompressible practically.

Pump only trasfers the fluid. It is the resistance to flowigthdevelops pressure.

It is the atmospheric pressure which is responsible for pushing of oil from tank to the
suction chamber of the pump.

Flow takes the pgh of least resistamc

Flow dways takes place fro higher pressure to lower pressure.

Resistance in series flow adds up.

Rate of flow is directly proportional to the pressure difference.

As a the diameter of the pipe increases the pressure drop decreases

cal 6s Law

PRESSURE APPLIED ON A CONFINEDWJID 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 ) thentigives a pressurePF/A. This pressure will beniform in the entire
confined fluid at rest.

F
A [///[//
p
P=F/A
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Hydraulic Press (BRAMAH PRESS)

Since pressure in the confined fluid is uniform throughout and by applying this pressure on
large areas largéorces can be developed. This is the stgripint for development of
Hydraulics (see the fig bmw).

If two cylindrical chambers which are connected and fitedt h pi st ons of a

a Force F° acts on pi st wweaP iothe canfiredfluid This i t
pressure will be uniform in the entire fluid in double cylinder arrangement, and develops a
force F = P x A proporteomttethefaca af the pistons.| Therebseno

energy creation and work done will be same by both the pistons. The displacdemgtks (

of travel of pi st ypnoportidnal,to the arg¢as av thé distors.e il h v ¢
the leftside small piston travels a large distance, the right side big piston will travel only a
small distance)

The length of pistorravel
is inversely proportional to

area.
do/d| = Ai/Ao Fo/Fi = AO/ A
Workdone Wi = Fi.di
Wo= Fo. do
Bernoulli ds Principle

This is nothing but law of conservation of energy. If the flow rate is constant, the total
energy at any point of continuous path of flowing fluid is same as at any other point. (Sum
of motion energy, pressure energy, and potential energy is constant.). TaHenpvessure

or flow velocity at any point in the circuit, this principle is used widely.

ADVANTAGES OF HYDRAULIC SYTEMS

Due to limitaions of other power transmission system such astriglalc electro
mechanical and pneumatic etc. hydraulic powerstrassion is preferred. Large forces can

be transmitted to long distances with high pressure stability and quick response. There ar
multiple application possibilities which are suitable for use where large forces with
infinitely variable speeds are to ba@plied in given directions. Hydraulic equipments give
smooth operation for longer period with very less maintenance cost. Normally oil
contamination control and leakage control may giveliie to hydraulic components.

Other advantages of hydraulic s are:
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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 depending on different requirements we can get exact speed, force and
position of user,

3. In built Over lo ad protection- in case there is over load(pressure) in pipe line or by the
user, there is provision of relief valve set at a certainimamx pressure to take care of
it,

4. Suspension of loador long period- by providing a load holding devices for example
pilot operated nometurn valve in pipeline, load may be suspended for a longer period,

5. Flexibility in design- As per needs of production, scheme of hydraulic circuit may be
changed easily only with addition of a few components,

6. Easy maintenance Its mairtenance is easy. Only oil contamination control, following
some standard practices and keeping the system cool, will fulfill major paofio
maintenance work. For these purposes monitosinget parameters and inspections of
pipe lines, religiously is reessary

7. Variable Speed Controls - We can get infinitely variable speeds and positions as per
need of users.

8. Stalling of loads- The loads can be stalled to zero speed without any damage to the
equipments

9. Heat is atomatically carried awaypy the fluid

10. Minimum wear rate®ecause amponents are hricated byoperatingmedium

11.Energy storage through acuoulator, ideal for power failure reqeiments

RELATIVE DISADVANTAGES OF HYDRAULICS

i) Compressibility of hydraulic fluid needsto be considered.In the ca® of a fluid
containing no air bubbles the vabe reduces by 0.7% when the pressure is increlaged
100 bar. Up to 150 bar the ropressibility can be neglectedut beyond that, especially
when delivery rateare high, it can have an adverse effect onahetfoning of the systa.

If there is any air trgged in the fluid it is more campressible and can give rise to
disturbances such as noiseébraion and jerky motions at pressures as loB@bar.

i) Fluid viscaity is sersitive to temperature and preare. Viscosity decreases as the
temperature increases. The viscogitgssuréoehaviorof hydraulicfluids is of importance
when operating pressures are higher. Although the increase in viszosiiglow up to a
pressuref 200bar,it candoublewhenthe pressure reaches aral 400 bar.

iii) Pressureand flow losses in pipes and control devices need to be considered
meticulously whilearriving at system pressure requnent of a hydralic system

iv) Leakage problens need to be attended properly.
8.2  Components of Hydraulic System and their Functions

RESERVOIR: The tank which stores the working medium (oil), supplies to pump, takes
back the return and drains oil in a hydraulic system and protects the medium from external
contamination is called Res®ir. It also allows the oil to cool through its walls and allows
contaminants to settle and air to separate. Generally in many chsasetcooler, return

filters, air breather( a dese@ which allows air to move in and out of a container to maintain
atmospheric pressure), level indicator, level switches (float switches). 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 entering thegpgtrough suction line.

159



SUCTION LINE : The pipe line connecting tank to pump generally with a shut off valve
(preferably with interlockimit switch) in between is called suction line. Wotht opening

this valve, pump should not be started. Generally se loy rubber bellows is provided in
this line to take care of minor mismatch between the tank and the pump and to take care ©
the vibrations of the pump.

PUMP: The element which transfers oil/fluid from one point to another point or which
gives flow is @led pump. Pump only gives flow, but the resistance to flow develops
pressure. In hydraulics only positive displacement pumps are usttesegpumps there is
positive sealing between sigrt and delivery. For every revolution of pump, a fixed amount
of oil is transferred from suction to delivery irrespective of load conditions. Practically there
will be minor internal leakages which are negligible. This fixed amount of oil transferred is
called Displacement of pump. The displacement (cubic cm per res) wiultiplied by
speed of the electric motor driving the pump, gives Discharge of the pump (flow of the

pump)

L 1:

]

POSITIVE DISPLACEMENT PU MPS

Centrifugal pumps (non positive displacemenpdy are not generally used in hydraulic
systems. In this type ofupmp, 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 ant
Vane types

A positive displacement pump should neverskarted without opening the suction valve.
There should be sufficient oil level in tank so that air does not enter the pump. If &r ente
the pump, it will run with high noise and it wilbbe damaged very soon. This is called
aeration. Even though sufient oil is there, aeration can occur due to any loose pipe joints
in suction line. Pump delivery line is always followed by a check valve, relief valve (safety
valve), pressure gauge, and shut off valve (These are required for pressure setting an
isolaing).

CHECK VALVE/NON -RETURN VALV E: It is a valve which allows flow in one
direction only. Generally provided after the pump in mosthaf cass to take care of
reverse rotation of pumpt,is also used in many places of the circuit as a bypass etck Che
valve and nofreturn valve are same.

160



SOME CHECK VALVES

PRESSURE GAUGE It is provided to know the pressure at any position at any instant of
time and for setting of various valves, pressure switches etc. The pressure gauge witl
glycerin filled dialis preferred in the hydraulic system to take care of the damage to the
gauge due to vibration and variations

SAFETY VALVE/ RELIEF VAL VE: Both are same and it is the most important
comporent of Hydraulic system. It limits the maximum pressure in théesysso that
elements, hoses, cylinders, pipes etc does not burst due to high pressure. It also protects t
equipment and system from over loading. When the system pressure increases beyond tf
set point, the safety valve opens and relieves the excdasstailk. This is provided at many
points and at different settings to make the system literally foolproof.

RELIEF VALVES
ACCUMULATOR : It is areservoir of pressurized hydraulic fluid.istorage of energy by
means of spring or compressed nitrogenddeaight. It is basically a pressure vessel. No
welding is allowed 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 as it may mesult i
explosion. You should never open a pressure line with accumulator in line. Always isolate/
preferably drain the accumulator before starthejob.
Accumulator is used (a) for smooth ftioning of Hydraulic System without pressure and
flow fluctuations(b) as an emergency power source for essential operations in case of
power failure. (c) for holding pressure for long times in a circuit (d) a big pump can be

lj!ﬁ‘:,—-'l:hingin(;\ral\m
]

gas charging point
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pressure vessel

ladder «— body

L piston diaphragm
B
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ACCUMULATORS
DIRECTIONAL CONRTOL VALVES : Distributor/Master valve / DC valve are all same.
If a pump supplies oil directly to a cylinder, it is not possibt cawvenient to control the
load or to change thdirection of motion. Hence a DC valve is provided in betweenpgpum
and the load cylinder to stop/start /reverse the motion of the load. DC valve can be activatec
by a lever, cam, solenoid, pedal, pneumatic/hydraulic pressure depending on the design an
requirement. Most commonly used are solenoid operated and thewvang two/ three
positions. If you are using a two position valve the cylinder will travel in between the
extremes only. You cannot stbipe cyinder in between .There are many varietieslof
valves depending upon the requirements

DC VALVES
FLOW CONTROL VALVES : To control the speed of the actuator /load, the amount of
oil flowing into the cylinder is controlled by means of these valves. Generally these are
provided before the cylinder or in branch circuits where flow is to be controlled. Simple
needléglobe valve can also be used as flow control valve in some cases.

FLOW CONTROL VALVES

SEQUENCE VALVE: These valves are used to makeltiple actuations, connected
through a common syste work in a sequence of requirement. In other words these valves
provide serial operations based on pressure setting. In a simple punching machine, the job |
held in position by a clamping cylinder at low pressure and then a hole is punched by
another cylinder at a high pressure. Now these two cylinders are alwagoperated in
definite sequence only. This sequence can be achieved by electrical/mechanical or by
hydraulic means through a valve calledquene valve. Hydraulic sequencing is most
commonand versatile. A DC valve supplies oil to cylindeand througta sequence valve

to cylinder-2. (After cylinder-1 is operated completely, pressure will buildup and then
sequence valve gets opened and oil goes to the cyli2det a higher pressure. The
sequence valve is tuned and set to achieve the sequencellnibg similar to a safety
valve but not same.
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SEQUENCE VALVE APPLICATION

PRESSURE REDUCING VALVE: In some hydraulic systems many ogers ae
working at same pressures ,but a fewnodrs do not require full pressure and can work

at a lower presure .And since the system has to run with a common power pack which
supplies a constant system pressure, then all these selected cylinders are supplied oil at
lower pressure through a valve known as pressure reducing valve. In pressure reducin
valve, the output pressure cannot go beyond a particular limit. This setting will be lower
than the safety valve setting. Pressure Reliefevalmd IPessure Reducing valve are not
same and shodinever be confused. This valve is also known as Pressure Regwklire.

APT s - "
PRESSURE REDUCING VALVE

FILTERS : All hydraulic elements work under close tolerances and they are precision items
with mirror surface finish .Contaminants and dust are the single largest enemy of the
hydraulic system as they cause malfuming and jamming of valves and fast wear out of
elements. The contaminants are internally generated in the system and some aktextern
the system. Working medium is to be regulaidlyaned from these contaminants. Hence oil
filters are used in stion line, pressure line and return line and before an important
precision valve/pump as per the need. This will improve the performance of the system. The
coarse filter used in suction line of pump sometimes is called STRAINER .Hydraulic
systems are mosgeliable, if the contamination is kept under control, and breakdowns can be
minimized.

In a filter the hydraulic oil is allowed to pashrough a porous medium (like paper, wire
mesh, gnthetic fiber etc) so that the dust particles and other contatsiaae retained and
only clean oil goes ahead into the system. Filtration can be either online or offline.

In online filtration the oil is passing through a strainer or a suction filter before it enters in
the pump. After the pump the oil pasderough the pressure filters and then after passing
through the dc, flow control valve and actuators, before flowing back to the tandil the
passes through the return filter
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Offline filtration (mostly portable) systems are also used for up keepiagsystem
depending on the criticality. Electrostatic Liquid cleaners are also used nowadays. These ar
very simple to operate and cheap. Generally Return line filters are provided with parallel
bypass valves(check valve) to take care of clogging temjyorar

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

Main flow filtration
Control

O OO O &S WM -

Bypass filtration
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FILTERS

PRESSURE SWITCH: These are provided in the system for safety and efficient toqera

or for achieving a particular logic sequentée pressure switch can be either plunger type

or bourdon tubeype. In plunger type pressure switch the hydraulic oil under pressure
pushes small plunger which in turn makes/breaks an electrical contact. In the bourdon tube
type pressure switch with the change in the pressure of the system the bourdon tube expan
or contracts as in the pressure gauge thus making/ breaking contacts with the micro switch/
switches Contact Manometer is a pressure gaugeeldtitrical contacts, which does almost

the samegb, but they are less reliable and less robust.

P
PRESSURE SWITCHES

LEVEL GAUGES AND SWITCHES : Generally the reservoir is provided with low level
and high level float switches, so that they give alarm of low oil level/ high level and can be
used for interlocking purpose. Float switch operates due to buoyancy (aeodrally the

low level switch is interlocked with the drive of pump, so that when there is no oil due to
any reason, the pump will trip @ill not allow the pump to start.
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LEVEL GAUGES AND SWITCHES

FILTERING -CUM-COOLING CIRCUIT: In hydraulics, more than 80% of problans
are due to contaninated fluid. Thus, it is important to keep system fluid very
clean. Particulate containation and water contamination in hydraulic fluids can have
serious adverseffects on the fluids' physicd and chamical properties. Oilgets heated
during operaton of systens. As a reallt, the oil needsto be cooled to retin its
viscosity.Heat loadfor the cooleris considereds 40%maximum) and25% (minimum) of
the kW rating of all the running main pumps. Capacityof heat exchangers are usually
expressed in Kat/hour (1kW= 860 Kcal/hour).

For the above reasons it is required to have a cooling cum filtering system which is nothing
but a combination of pump, heat exchanger and the filtersasadary system which runs
parallel to the main system. Filters have already been discussed and in this part we will
learn a bit about thedat exchangers

HEAT EXCHANGER: Heat exchangesithe device which takes away heat from one fluid
(fluid to be coded) and in that process heating up the cooling fluid. Heat Exchangers
require periodical maintenance. This can be of many types
1. Based on working principle  a.) Recuperative Heat Exchanger
b.) RegenerativeleatExchanger
c.) Evaporative Heat Exchanger
2. Based on construction a) Shell & tuketype

b.) Platetype
i.) Brazed type
ii.) Gasket type

In general the tube in shell type heat exchangers and plate type heat exchangers are most
commonly used
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Outhet

HEAT EXCHANGERS

In shell and tube type heat exchangerscthaing fluid flows in the bunch of tubes placed
inside the shell while the fluid to be cooled flows, in a revdmstion, in the shell, in the
leftover gaps between the tubes.

In the plate type heat exchangers the two fldlde/ in the opposite direction in the
honeycomb shaped recess between the plates which can either be separated by brazed pla
or by gaskt joints

ACTUATORS: Generally the hydraulic cylinders and hydraulic motors are called
actuators. These actuators do the actual job aidifowering/pushing/rotating /holding etc.
Hydradic motor replaces many applications of electric motors along tvélgear box due

to many advantages like speed control, over load protection etc. Hydraulic motors are
almost revers to pumps. When these are supplied with oil at pressure, they will give rotary
output. Generally gear/vane /piston motors are in use.

Geneally two types of Hydraulic cylinders are commonly used viz.

a) Double acting cylinders, which can be used for pulling and pushingargists of
piston, piston rod, body, covers, edasteners, eye etc. Basically a sealed piston with rod
reciprocates inside a cylindrical body under the pressure of oil.

b) Single acting cylinder. These types can only push/load. The single acting cylinder
cannot retract due to hydraulic force. It retracts due to weight/spring/ load. Hydraulic jacks
andclamping devices in a goggle valve are generally single acting type.

PISTON U-SEAL
PISTON WEAR RING
PISTON U.SEAL

ROD WEAR RING
ROD U.SEAL
ROD WIPER

CYLINDER HYDRO MOTOR

Hydromotors are used widely in mobile equipmefuis winch applications and wheel
movement and nowadays very freqtlg used for the conveyor belt drive.
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SEALS: The component which prevents the motion of the fluid in the undedimection is

called seal/packing. This can also be defined as the component that separates two fluid:
The functions of the seal are

a) To seal the hydraulic fluid in a closed chamber,

b) Maintains pressure,

c) Stops dirt/water/contamination from entering the system,

d) Sepaates two fluids,

e) Performs any combination thfe above functions.

In simple terms a seal stops internal dieexal leakages. Cost of the seal is a small fraction,
but determines the efficiency of the system.

Leather, cork, rpes are the oldest seals, which are widely used in the earlier days. Then
natural rubbers, synthetic rubber (Elastomers), PTFE, PolynetR®OM etc are used
nowadays. In higher temperature applications, Viton seals preferred. Seals should be
handled delicately, and sharp tosteuld not be used.

PIPES, FITTINGS, CLAMPS: Generally pickled, flushed seamless carbon steel pipes are
used in lydraulic systems. But nowadays the stainless steel piping is more preferred becaust
of their resistance to the extelr@onditions. For maintenance convenience and ease of
laying, pipe joints are provided at suitable places. For small pipes union janisdrand

in bigger pipes flange joints are used. There is large variety of pipe joints of different
standards and designs are availableeGhould be taken that different fittings do get

mixed up. Also, while doing maintenance on fittings, thrgpe/seat design/size etc should

be matched. Otherwise lot of problems will result. Pipes should be properly clamped a
supported; otherwise the joints get loosened during working due to vibrations. Pipe clamps
are made of wood/ Aluminium/ synthetic maa¢s. WWooden clamps are to be avoided due

to environment protection. Aluminium clamps are used where high temperatures are there
Synthetic amps (polypropylene) are commonly used nowadayile laying hose pipes,

the layout should be smooth, and thépdd not crisscross/twist/entangle and rub each
other.

'

PIPE CLAMP PIPE FITTINGS

WORKING MEDIUM
Hydraulic power system may be operated with fluids produced from different base fluids:
1) Mineral oil. 2) Vegetble oil. 3) Synthetic oil. 4)Water

Mineral oil - Most hydraulic systems use hydraulic fluid based on mineral oil. Since base

oils do na have all the characteristics which a high perfance hydraulic fluid should
have, different types of additiveseadissolved in base oil to improve the properties
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Vegetable oil- These fluids are biodegradable and so are beird o®ore frequently in
installations that are subjected to strict antipollution regulations( Food Processing Industry)
Synthetic oil -Thesefluids are most commonly used in systems where there are special
demands on hydraulic fluid such as fire hazardous zones (furnace area)

Water - Pure water is seldom used as the fluid imraylic system. It can be used as
emulsion adding oil in it or adgay water to oil.

Fire resistant oil - i) HFA Type (5% oil in95% water emulsion)
i) HFB (60% oilin 40% water mulsion)
iii) HFC (60% glycol in 40% water). Offetsighest degree of fire resistance
iv) HFD (anhydrous synthetic fluids)

Following are the important properties which hydraulic fluid should possess:

a) Oxidation Staility b) Protection from Corrosion c) Anti Weadl) Viscosity &Viscosity

Index (viscosity index should be high #uat viscosity variation with temperature will be
less), e) Demulsibility (ability to resist formation of emulsionewhmixed with water) f)

Anti Foaming Characteristics, g) Thermal and high pressure stability, h) Good Lubricant,
i) Compatible with Sda and Hoses, and Metals, j) High Flash Point (the minimum
temperature at which oil just takes fire and do not burn continuously) & Fingspohe
minimum temperature at which oil catshire and burns continuously).

OIL CONTAMINATION CONTROL

Oil contamination is number one enemy of hydraulic system. Therefore, oil contamination
control is the first requirement of any hydraulic system to get a trouble free smooth service.
It enhances the life of different components. To keep oil clean is partdadtiz system
maintenance. It is just not possible to keep oil free from contamination in any industry due
to various reasons. What we cdn is to monitor oil contamination level regulatby
cleanliness determination metteand take corrective stepsluding changing of filters. If
situation does not improve, tank oil should also be changed as hydraulic valves especially
proportional and servo valves are very dirt sensitive.

Sources of oil contamination

a) With the oil filled in the oil tank itself.

b) Dueto wear and tear of internal parts of components such as pump, control valves,
cylinders.

c) Due to wear of oil seals;iings.

d) Due to wear binside of pipelines.

e) Due to generated debris afteelding of metallic pipes.

f) Throudh piston rods of hydraulic cylders.

g) Through ambient atmosphere.

h) Due to poor upkeep of filters and reconditioning system.

i) Due to use of cotton waste in revisioning or repairing of hydraulic components.
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SOME CONTAMINANTS

Filters should be provided in oil filling line, recotidning line, pressure line after pump
with clogging indicator, pilot line and return line. Periodically pressure differences across
filters should be monitored otherwise in case of highsure difference filters wall may
collapse and oil may pass withdiltering or flow rate will reduce.

There are two methods of determination of oil cleanliness class: NAS1638 & ISO 4406.To
decide oil cleanliness class required for different applications, the faljotable may be

used as guide line

System type/Rang of application Needed Cleanliness Clas|
According to standards NAS 1638 | ISO 4406
Heavy duty servo system, High pressure Syg 4-6 15/11

with long service life

Proportional valve 7-8 16/13
Medium pressure system 7-9 18/14

Low pressure system 0-11 19/15

It is to be remembered that a fresh drum of oil is not the cleanest one. In fact it may be of
class 10 or 11. So by replacing the oil is not the solution for making the system clean
Ingress of water in the oit Sometimes the heat exchanger mayehmternal leakage and
owing to this water may get mixed with oil. Water in oil can cause serious problems for the
system and can be eeidtly observed by the colour of the oil, which beesmvhitish with

foam. Because of the water in the oil the intepmthponats get rustedWaterin hydraulic

oil has a number of other negatigiects Water Depletes some additives and reacts with
others to form corrosive bgroducts which attack some metals, reduces lubricating film
strength, which leaves critical $aces vulnerable to wear and corrosion, reduces
filterability and clogs filters

OIL LEAKAGE CONTROL
Qil is life blood of hydraulic sysim, hence leakages should be prevented. Major pasfio
mineral oil to be used in our country is imported for whioh kave @ pay heavy price.
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Besides loss oil leakage may damage the soil and hence ground water and plant life
Consequently it damages animal life and human life also. Leakage in fire hazardous zone:
may result in fire which may damage property besidegagssary production delay due to
burning and damage of especially electrical wires and equipments. It is therefore necessar
to control ol leakage to the extent possible. For this regulmpéction followed by
corrective measures such as tightening oééoconections and pipe supports, changing of
even partially damaged aiings(orings), hoses and corroded steel pipes is necessary.
Hydraulic hoses in fire hazardous zones should be periodically changed even though thes
are not damage

SOME BASIC SYMBOLS
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8.3 Block Diagram of Hydraulic System
Every hydraulic system can be traced back to a commsic bacuit containing only the

main function as under

User

Distributor /
Controller

Energy Source

<

Hydrauic Cylinders /
Hydraulic Motors

Pressure Control Valves
Flow Control Valves

Direction Control Valves

Pressure Relief Valve

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 connected to it. In zero position of the
manually opeated direction control valve the hydulic fluid, circulates almost without
pressure from the pump to the tank 2. The dc valve is speinigred. When the dc valve 4

is operated into its lefwitching position, (parallel arrows) fluid reaches the pistomndieat

of cylinder 5. The piston rod travels outwards. The dpeethe outward travel depends on
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the pump flow and the cylinder size
(piston area). The force available at the
piston rod is dependent on the piston area
and the maximum system pressurdieT
maximum system pressure and thuse th
loading of the hydraulic system is set at
the pressure relief valve 3. The actual
pressure avable, determined by the
resistance to be overcome at tisen) can

be read at the pressure gauge 6.

Generally pump is
always followed by a
Relief valve and then
a NON RETURN
VALVE(CHECK
VALVE).

This is a typical
circuit where check
valve is not required.
Symbd of check
valve




