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The demand of increasing capacity at minimum cost has lead organizations to revamp old equipment instead of building new ones. This paper presents the case of a Slab-Caster revamp at a steel plant in India. While the aim was to ensure necessary replacements for meeting current technical standards and optimizing time and budget the plant also achieved an increase in the plant capacity.
1. Introduction
1.1 Concept of Revamp

In Longmans Dictionary, the literal meaning of “Revamp” is indicated as the action of arranging something in a new way so that it appears to be better although often there is no real improvement. Simple dictionary says – to give renewed strength or effort to machinery or equipment (Jean Scheidecker; 2007). The aim of revamping a machine is to install a production capacity at a lower capital cost without compromising with the quality of production. The planning of revamp also takes care of future improvements which help in deferring the overall investment plan and distributing it over a period of time. Revamp project management requires a close co-ordination among involved agencies.
   The mangers responsible for operation and maintenance of a production unit understand that revamping is a challenging way of increasing the capacity at minimum cost. When the output requirements i.e. customers voice is properly heard and the revamping scheme is tailor made, capacity gains may go up to 100% of the original (Mark Brouwer and Jan Mennen; 2004).

   For maintenance and reliability, any equipment has its own requirement for a revamp. Each revamp is unique, involve key specialties and provide opportunities to enhance new technologies to replace conventional items. A major revamp can be more economical than the purchase of new equipment (Yong Wang, Dennis Ducote, Paul Pham; 2010).
   By adopting revamping concept, the organizations save on account of building new equipment and at the same time meet the demand of increasing capacity (A N Sen, L Miller, P Base, A Dutta; 2003). During revamp planning, components are identified under “revamp” and “replace” categories to ensure necessary replacements for meeting current technical standards also. It is quite apparent that revamps are gaining momentum mainly due to cost economics (Arvind Kumar; 2009).
   In Steel Market in Europe, investors are focused on revamping older equipment to meet increasing requirement of the end customer industries — high-strength steel for the automotive industry (ANDRITZ; 2008). Similarly, in Indian market also, many manufacturers have started following this strategy. 

   This study describes a case from the Indian Steel Industry where a steel producer planned to produce steel slabs as the raw material input for its existing rolling mill for making steel plates. The equipment to be used for the production included a Slab-Caster. While the project team at the works discussed installation of the new equipment, the other alternative solutions offered included hiring of the main equipment set, or purchasing used equipment which could be then revamped. In today’s economy, it is quite difficult to justify a project on productivity benefits alone. Equipment revamps are pursued by customers seeking to improve operating conditions, enhance quality, consolidate production and reduce maintenance or any combination of these (Dewey M Humes, Matt J Korzi, Willium H Emling; 2010). Hence, the final decision was taken to install a revamped machine since the cost-benefit analysis suggested the revamping expenses at approximately 50% of total value required for the procurement of new equipment. In order to ensure stable operation of the Slab-Caster, it was possible to implement many technologies during this revamp (SM Lee, J Y Hwang, SH Lee, G Shin; 2009). For such technological advancement, support from technology supplier was also required. The expense required for support from technology supplier was also possible in the same budget.

   This paper details the features that lead to machine revamp, process and results of revamping of the Slab-Caster, analysis of results and plans for future action to enhance the quality and productivity by improving the operational and maintenance standards.
1.2 Steel Scenario in India

Since ancient days, Indians are known for their knowledge in the field of metals. In all the ancient books, references are available about goods made up of different metals viz. copper, silver, gold, iron, steel etc. In ancient India also, we had the knowledge of extraction of metal from its ore and then applying it in our daily life in different forms utilizing its property of malleability, ductility, physical strength etc.
   With the evolution of new technology, production & working on metal started in a different and more economical way, however, the basic principle remained same. Depending upon the availability of resources and infrastructure, different countries of the world developed their own set up for production of metals. Metal and alloys like Iron and Steel became one of the major things used for several applications. 
   It was in early 20th century when Indians also started thinking of applying new technologies for production of steel. The first major steel plant was set up at Jamshedpur. After independence, government of India also established a complete frame-work for setting up several production units for production of different types of steel. Apart from government plants, some private groups also took initiative in setting up steel plants. To meet the requirement of developing infrastructure in India, demand of steel is increasing day by day.
   The world is producing approx 1400 million tonne of steel every year. With China producing approx 570 million tonne, ranked first. India is at fifth rank with just 57 million tonne (Table 1).
Table 1: World Crude Steel Production - 2009

	Rank
	Country
	Production

	1
	China
	576.8

	2
	Japan
	87.5

	3
	Russia
	59.9

	4
	United States
	58.1

	5
	India
	56.6

	6
	South Korea
	48.6

	7
	Germany
	32.7

	8
	Ukraine
	29.8

	9
	Brazil
	26.5

	10
	Turkey
	25.3


Source: Annual Report 2009-10, Ministry of Steel, Government of India
	Out of about 57 million tones of steel produces in India, about 28 % is produced by public sector (Figure 1). These public sector companies are the steel plants under SAIL i.e. Steel Authority of India Limited and RINL i.e. Rashtriya Ispat Nigam Limited. 

   Major private sector companies produce approx 29 %. These are the steel plants producing above 1,000,000 tonne steel per year and above. The main private sector units are Tata Steel, Jindal South West, Jindal Steel & Power, Essar, Ispat etc. 
	Figure 1 : Indian Steel Industry – Public & Private Sector
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   Other private sector produces approx 43 %. Other private sector units are small steel plants producing below 500,000 tonne of steel per year and a major group of these steel plants are based on induction furnace steel making route. 
   The data in Figure 1 is based on the production scenario in 2008-2009. All the companies in public sector and private sector are executing expansion plans. These companies have either added or planning to add more production capacities. The expansion plans in Indian Steel Sector is almost uniform and public and private sectors are expanding in almost similar proportion. Even then, because of more number of players in private sector and induction of many new players in the capacity of about 1,000,000 tonne steel per year, soon, the private sector will have much more contribution in total steel production in India. With the present plans, India will become the second largest producer of crude steel in the world by year 2015-16 (Annual Report 2009-10, Ministry of Steel, Government of India). 
   Steel plants in India adopt different processes for production of steel. Depending upon several factors like availability of raw material, size of production unit, type of product etc. the process for production of steel is selected. The public and the private sector steel producers in India are expanding by installing new facilities for higher production and also by improving their existing facilities to produce more. An overview of major steel making process is given in the next section of this paper. 
1.3 Steel Making Process

Before the case study of revamping of equipment in steel industry, it is necessary to understand “steel” and its manufacturing process. A brief mention of steel and steel making, as below, helps in understanding the purpose and criticality of the equipment under revamp.  

   Steel is an alloy of Iron and Carbon. Iron is a metal which is extracted from its iron ore. Iron ore is present in nature in mineral form. Different processes of extraction of Iron, extract it either in liquid form or in solid form. The solid form of iron or the liquid form when solidified is normally not suitable for any consumer use because of its brittle nature. To make it usable, this iron is then required to be alloyed by controlling its carbon constituents and by addition of other metals like nickel, chromium, manganese etc. This alloyed form of Iron is known as steel. So it is clear that for making steel the main raw material is iron, either in liquid or in solid form.
   After alloying, the steel develops the properties of malleability & ductility. This helps in shaping the steel without breaking it and hence utilizing it for several consumer applications. Nature of consumer application governs the type of alloying e.g. for stainless steel utensils, we need steel to be alloyed with chromium metal making it stainless steel and for building structure, the steel can be simple carbon steel.   

   Basically, there are two processes of steel making

1. Oxygen Steel making (Basic Oxygen Furnace route) and 

2. Electric Steel making (Electric Arc Furnace route)
Oxygen Steel Making
Oxygen steel making is a process in which oxygen is blown in liquid iron.

   Iron in liquid form is available when it is extracted from Iron Ore by a metallurgical process in the equipment called blast furnace. This liquid iron is then taken to a vessel called basic oxygen furnace. Now, oxygen is blown in liquid iron kept in the basic oxygen furnace. This blown oxygen reacts with Carbon in liquid iron and comes out in the form of CO and CO2 hence reducing the carbon percentage in the liquid. Combination of carbon with oxygen results in an exothermic chemical reaction which results in generation of heat. This heat is utilized in mixing and dissolving other element in the liquid. During this process, unwanted elements like sulphur, silicon, phosphorus etc also comes out in the form of slag. With reduction of carbon, Iron converts into Steel. 
   This steel is poured into big buckets known as ladles. Ladles are then taken to ladle refining furnace where steel refining and final adjustment of alloys is done. The ladle refining furnace has the provision to heat the steel also by electric charge to make up the temperature reduced due to other processes. The steel then goes to a degasser where unwanted trapped gasses are removed from steel by processing it under vacuum.

   Now the steel is ready for solidification and taking specific shapes required for rolling. This is normally done in a caster. Based on the shape produced, the casters are also designed and defined as Slab-Caster, billet caster, bloom caster, round caster, beam blank caster etc.    

Electric Steel Making
The main difference in oxygen steel making and electric steel making is, in oxygen steel making the main raw material i.e. iron is required in liquid form whereas in electric steel making the raw material can be in solid form. In electric steel making, the heat energy required for melting and processing of steel is given using electricity, whereas in oxygen steel making it is done chemically.

   In electric steel making, the solid raw material i.e. iron in the form of scrap, sponge iron (DRI) and pig iron is taken to a vessel called Electric Arc Furnace. By applying electric arc on the solid raw material, the raw material is melted. Based on the carbon content of this liquid, some amount of oxygen is also blown, is required.    
   This steel is poured into big buckets known as ladles. Ladles are then treated in the same fashion as in case of oxygen steel making.
   There are other processes also for making steel like energy optimizing furnace and induction furnace. These processes are either not very common or used in industries for smaller capacities. These steel making processes are following same routes for refining of steel, degassing and casting.
   The steel produced by above processes need to be shaped to convert it to a consumer product. The shape of solidified steel depends upon the process of casting. This paper deals with the revamp of a Slab-Caster.  
1.4 Slab Casting
For producing steel for consumers, normally, the final process is rolling. Before rolling the refined steel is solidified in certain shape, also known as cast product. Before 1950, the only practice was to pour the liquid steel into stationary moulds to form ingots. In 1950s, when continuous casting was evolved, it allowed to achieve lower-cost production of steel sections with better quality, as well as providing increased control over the process through automation. This process is used most frequently to cast Steel (in terms of tonnage cast). The liquid steel ladle after refining and degassing is taken to the Slab-Caster (Figure 2). 
Figure 2: Slab Casting Process
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   The steel is poured into an intermediate container known as tundish. The temperature of steel is 1550oC - 1600oC. Below the tundish is a mould which is made up of copper plates. These plates are water cooled and steel slides in between these plates. The arrangement of copper plates decides the shape of cast product. For the start of the cast, a steel chain, called dummy bar is first inserted in the mould from the bottom. When steel is poured in the mould, it is poured on the head of this chain and while solidifying, the steel is attached to the head of dummy bar. Now, the withdrawal system starts pulling the dummy bar out and with dummy bar the cast product also comes out. The mould oscillates up and down to ensure no sticking of steel on copper plates. When the steel comes out from the bottom of the mould, a solidified shell is formed but the core is still liquid. This cast product follows a curved path supported by rollers where continuous water spray is done to cool the product. These rollers are assembled in sets called segments. Once the cast product comes out of the machine, it is fully solidified and can be cut in required length.
   When steel of the ladle is finished, a new ladle comes on the top and the buffer i.e. tundish compensates the ladle replacement time and casting maintains its continuity.
   A similar Slab-caster as described above was required to be commissioned in a private sector steel plant in India. This steel plant is one of the major producers of steel in India and growing to increase its contribution in Indian Steel Industry.
1.5 Jindal Steel & Power Limited (JSPL) 
JSPL is one of the major private sector steel producers in India. JSPL, a company of Jindal Group, has three major production units in India, one in Chhattisgarh, one in Orissa and one in Jharkhand. Chhattisgarh unit is the world largest coal based sponge iron plant. The unit is capable of producing more than 2 million tones of steel per year. About 1 million tonne are produces in the form of non flat product and about 1 million tonne are produces in the form of flat products in a revamped mill. In the field of non flat products, the unit is capable of producing one of the biggest beams and one of the longest rails in India. In the field of flat products, the unit is capable of producing one of the widest plates in India in its plate mill which is also a revamped machine.
	Figure 3: Indian Steel Industry – Major Private Sector Contribution
[image: image3.emf]Indian Steel Industry - Major Private Sector Contribution

2.49 %

JSPL


	The chart in Figure 3 shows that JSPL contributes about 2.49 % of total steel produced by major private sectors in India. 
   The data is based on the total production figures of year 2008-2009.  
   With stabilization and addition of further facilities in its Chhattisgarh plant and installation of new facilities in Orissa and Jharkhand, in near future, the JSPL group will be having a much higher contribution in the total steel production in India.


   In its steel plant in Chhattisgarh, as the slabs were required to feed the rolling mill for production of plates, the project team had to commission a Slab-Caster to meet the requirements. Slabs having thickness 215 mm, 250 mm and 280 mm with width of maximum 2600 mm were required for rolling in the plate mill. These slabs are so far the biggest sizes produced in India.

   Components of an old slab caster were procured form Europe and it was decided to revamp it to suit the production requirement. Revamping of old second hand equipment was planned with induction of certain new parts to meet the current technical standards. The equipment-revamp was accomplished in early 2007, soon after which the Slab-Caster was taken into regular production. The machine produced sufficiently good slabs in terms of quality and quantity and became the back bone of the main production process of the steel plant. In 2009, the organization realized that further improvement could be possible in the machine if experts can analyze the present performance and recommend improvement plans for which the technological suppler was also contacted. 
2. Decision for Revamp
Any proposal for capacity installation should fulfill certain economic criteria. When the projected investment is expected to provide the desired return without any major risks within a given time frame, the project may be funded from the capital budgeting allocations. In case of JSPL, with the inputs from plate mill and operation and maintenance team of the steel making unit, it was estimated by the project team that the production capacity of the Slab-Caster should be 800,000 tonne per year. The cost of installing a new machine was estimated and at the same time concept of installing revamped equipment was also explored. A set of Slab-Caster component was found available in a European steel plant. This caster was dismantled few years back and components were lying in a warehouse. The European owner was ready to sell these components and made an offer to JSPL project team. Based on this offer, including the revamp cost, the project cost of a revamped machine was also estimated. Estimated project cost of a revamped Slab-Caster was 50%-55% of the cost of project with a new machine. With normal operation, the payback period for a revamped caster was about 16 months. In worst case scenario, it would have gone to 20 months whereas for a new machine the payback period was quite high. Hence, decision was taken to revamp the old equipment with a provision of enhancing the performance in future.

   “Revamp” decision was taken because of the following reasons:

· Cost of revamping was quite lower than cost of a new equipment.

· Time required for revamping project was lower than that of a new installation.

· There was the scope for technical up gradation of old equipment to achieve current technical standards

· It was possible to formulate a future plan for additional technical enhancement in stages.

· Expanses required for additional technical enhancement could be deferred for another set of revamping in future.

· Technology supplier was available to support the revamp process in limited budget.

· Technology supplier was also ready to supply the components which were to be replaced or procured as new during this revamping. 

   When we compare similar projects in India wherever new Slab-Casters were installed, the time required for project commissioning varied from 20 – 26 months and the cost of installation varied from 2500 – 3500 million rupees. Against this range of time and budget, the Slab-Caster project at JSPL was executed in lesser time and at lower cost.
   The revamp decision taken by JSPL was cost effective. However, the challenge to commission the Slab-Caster with all necessary features was to produce required quantity and quality of steel slabs.  The configuration of the revamped Slab-Caster in the steel-making procedure has essentially to maintain the overall desired quality and production level. It was required to collect data on production requirements to get the understanding of the “voice of customer”. Based on the “voice of customer”, the “voice of engineer” highlights the technical specifications of the machine. Then, the project team identifies the available old equipment components for revamp and specifies the components required as new. Revamp strategy imply condition monitoring, defining work process, identifying component criticality, arranging resources and achieving accuracy in set up. The performance results of Slab-Caster after revamp set the targets for future improvements by performing a Root Cause Analysis on observed variations. Implementation of the methodologies adopted, help in deriving a Standard Operating Procedure and the standards for maintenance to improve process and its reliability. 
3. Process of Revamp

1. Understanding the Customer
The organization at JSPL has separate units like iron making, steel making, rolling etc. Each unit has its own operation, maintenance and project team. Slabs of specified sizes were required to feed the rolling mill for production of plates and hence, Slab-Caster was an essential requirement to be included as the part of steel making facility and the project team of steel making unit was responsible for commissioning it. Based on the input from rolling mill unit, the operation team of steel making unit specified the slab quality requirement. This information was transferred to the project team for further processing. The interrelation of project, operation, maintenance, steel making and rolling is shown in Figure 4.
Figure 4: “Information Flow” and “Customer-Supplier” Relation

	[image: image4.wmf]Project

Team

Supplier -- Customer

Operation

Team

Maintenance

Team

Rolling Mill

(Plate)

Supplier -- Customer

Quality requirement of slabs

Technical requirement of Slab-Caster

Specification of Slabs

Rolling Mill Unit

Steel Making Unit




   As per the relation shown above, it is clear that it was the responsibility of the project manager of the steel making unit to evaluate the alternatives and plan the appropriate facility to meet the requirement of final customer i.e. rolling mill. 
   The decision was to be taken to achieve essentially the following:
a) Support organization’s mission

b) Effectively utilize people, equipment, space and energy

c) Minimize capital investment

d) Be flexible and promote ease of maintenance

e) Provide for employee safety and job satisfaction.
   After getting the requirement of the project, the project team of JSPL started its job by understanding the complete Slab-Caster, identifying its major parts, specifying the available equipment to know whether all the parts were available.
1. Quality Function Deployment
Once the decision was taken to revamp the old slab caster, it was necessary for the project team of steel making unit to understand the requirements of operation and maintenance team and analyze the old equipment and then identify the items for “revamp” and “replace” categories.
   It was important to translate the user based definitions of quality into product based definitions. One method of translating the voice of customer into design specification is quality function deployment (QFD). QFD is a method used to identify critical customer attributes and to create a specific link between customer attributes and design parameters. It helps in answering three primary questions:

a) What attributes are critical to our customers?
b) What design parameters are important in driving those attributes?

c) What should be the design parameter targets for the new design?
   QFD provides a cross functional approach which uses a planning tool called “House of Quality”. Customer feed back is used by the QFD team to make engineering, marketing and design decisions. Each step in the QFD process involves building up a section in the house of quality matrix thereby simplifying the presentation of a large amount of data.
   QFD is a customer-driven quality planning tool. This tool is utilized for translating customers’ needs into technical requirements of the product. It is a process analysis approach to quality planning that begins with the identification of customers’ expectations and ends with the transfer to operations. Now a days this approach has been accepted world wide and the technique is used effectively in determining engineering characteristics, parts characteristics, key process characteristics and production requirements (Jitendra Sharma; 2009).
   The process of developing the House of Quality involves:

a) Establishing critical customer attributes for the product based on their expectations and gives them weights according to their importance. This specifies the voice of customer.
b) Establishing critical design parameters that drive system performance. Here product features are defined in measurable terms.

c) Establishing the relationship between the customer wants and the design parameters. Each cell in this matrix shows a relationship (either strong/weak or positive/negative) between the customer attributes and design parameters.
d) Identify the inter-relationships between the various design parameters to establish trade-offs.

e) Focusing on customer perceptions of the company’s existing product compared to its competitors. It corresponds to WHAT column.

f) Focusing on the internal assessment by filling in the engineering assessment section.

g) Analyzing the matrix and choosing priority items. 
   In the case of slab caster revamping decision, customer attributes i.e. the voice of customer can be tabulated in the form of quality requirements and corresponding voice of engineer can also be identified. 
	Sl. No.
	Voice of Customer
	Voice of Engineer

	1
	Capacity of Caster
	Casting speed
Sequence Casting

Re-stranding time

	2
	Slab Internal quality 
	Caster alignment
Mould cooling 

	3
	Slab external quality
	Mould dimensions
Caster alignment

Oscillation stroke

Oscillation Frequency

	4
	Slab size accuracy
	Mould dimensions

Caster alignment


   In case of a Slab-Caster, the components contribute to the quality and quantity of the produced slab. It was necessary to understand the component wise effect of slab production. The engineering team of JSPL, having sufficient knowledge of slab casting technology and support from the technology supplier helped in identifying the criticality of each component of the Slab-Caster and later on to plan the revamp strategy also.
   The above relation can be represented in the form of house of quality also as shown in Figure 5.  
Figure 5: Quality Function Deployment - The “House of Quality” shows the requirement of Slab- Caster.
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Based on the above analysis, recommendations made for planning the revamp of Slab-Caster.

	Sl. No.
	Voice Of Customer
	Voice of Engineer
	Components of Slab Caster
	Revamp recommendations

	1
	Capacity
	Sequence
	Ladle Turret
	Must.
Not available with the old set.

Procure new.

	2
	Capacity
	Sequence
	Tundish Car
	2 nos Must.

Not available with the old set.

Procure new. 

	3
	Capacity

Internal quality

External quality

Size accuracy
	Cast Speed

Sequence

Alignment

Cooling

Size
	Mould
	Revamp old.

Re-machine copper plates.

Revamp cooling jacket. 

	4
	Capacity

Internal quality

External quality
	Cast Speed

Sequence

Alignment

Size

Oscillation Stroke

Oscillation Frequency
	Oscillator
	Not available with old set.

Procure new, preferably hydraulic.

	5
	Capacity

Internal quality

External quality

Size accuracy
	Cast Speed

Re-stranding

Alignment

Cooling

Size
	Strand Segments 
	Revamp.

Re-machine all rollers.

Cladding on all the rolls.

	6
	Capacity

External quality

Size accuracy
	Cast Speed

Sequence

Re-stranding

Alignment

Size
	Withdrawal
	Revamp.

Procure missing parts.

	7
	Capacity
	Cast Speed

Sequence
	Auto Cutter
	Not available with old set.

Procure new.

	8
	Capacity
	Cast Speed
	Roller Table
	Not available with old set.

Procure new.

	9
	Capacity

Size accuracy
	Re-stranding
	Dummy Bar
	Not available with old set.

Procure new.


   After categorizing the components of the Slab-Caster into “Revamp” and “Replace” categories, a planning was required to formulate the revamp strategy for maintenance of old equipment.
1. Revamp Strategy

Requirements of installing a slab caster included civil and structural work for building and machine, some new components which were not available with the old set, auxiliaries like water system, lubrication, hydraulics and electrical etc. These items were any way required to be procured new but now the emphasis was on the available old equipment. Considering the core components of the Slab-Caster, QFD resulted in the following scenario.
	Sl. No.
	Component of Slab-Caster
	Category - REVAMP
	Category - REPLACE (NEW)

	1
	Tundish Car
	
	√

	2
	Mould
	√
	

	3
	Oscillator
	
	√

	4
	Strand Segments 
	√
	

	5
	Withdrawal system
	√
	


   Project team formulated a maintenance plan for revamping of moulds, segments and withdrawal system. Revamping involved “Organized problem solving” by applying 7QC tools also.
1. Revamp Results
After revamp, Slab-Caster was operated to maintain a certain level of performance. These outputs where monitored using Statistical Process Control (SPC) tools, measured and were found to be within acceptable limits. 

   The main parameters which required to be measured were:
1. Casting speed : 1.00 m/min (for low carbon steel grades)
Casting speed is the speed at which the slab is withdrawal from the Slab-Caster.
2. Slab-Caster Yield : 97% 
Percentage of usable slab produced from the total quantity of steel poured in the mould.
3. Variation in size (width) : -7 mm , +10 mm
Width of the actual slab produced against the standard size.  
4. Sequence length: 9 heats cast in a row.
Number of liquid steel ladles poured into the mould without stopping the casting.

   These parameters from the technology supplier helped the project & operation team in identifying the natural variability of these attributes i.e. the acceptable limits and control strategy for assignable variations when they exceeded the limits.
   Once the Slab-Caster started producing, based on the above parameters, the required adjustments were made. To improve the performance of the Slab-Caster the operation team started checking the capability of the process and narrowing the bands of variability of different parameters. It was observed that the Slab-Caster was able to achieve the figures as shown in Table 3. 
Table 2: Comparison of Standard Values against Actual Values Recorded During Operation
	Sl. No.
	Parameters
	Unit of Measurement
	Standard Value
	Actual Value

	1
	Casting Speed
	m/min
	1
	< 0.8 

	2
	Slab Caster Yield
	%
	97
	> 97 

	3
	Variation in Width
	mm
	-7, +10
	> -7, < +10

	4
	Sequence Length
	nos
	9
	>  12


   The recording of above result confirmed that the revamped slab caster was performing at required quality standards. The biggest challenge was to increase the productivity to fulfil the requirement of the plate mill. In the process of increasing productivity and stabilisation, JSPL experienced certain issues which were addressed and solved by the operation and maintenance team carrying out fine tuning in the operational parameters and maintenance practices of the Slab-Caster (K K Sinha, S C Srivastava, S C Airy, Joy Dutta, 2010).

   As indicated in Figure 6, after one year of commissioning of the caster, the improvements resulted in an increase in production of the Slab-Caster.

Figure 6: Production trend of JSPL Slab-Caster 
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   The several ways adopted for increasing productivity were improving machine availability by decreasing operational delays, stabilising maintenance practices resulting in reduced maintenance down time, increasing cleanliness of steel and hence reducing rejections of produced slabs because of quality issues etc.
Figure 7: Production trend of JSPL Slab-Caster
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   The main improvement was to increase the caster availability by reducing the number of stoppages in normal operation. The idea was to increase the sequence length and for achieving this, a number of improvements were done in tundish area. The result is shown in terms of achieving the sequence length of 16 max (Figure 7).
4. Inference

1. Conclusions

The equipment under study was commissioned in mid-2007 with production of 800,000 tonne of slabs per year with a production yield of more than 97%. The comparable casting speed achieved was more than 80% of the rated value. For all other performance parameters, the revamped machine performed satisfactorily producing slabs meeting the mandatory quality standards.
   The methodology adopted in this project concludes: 

1. Revamping is a strategic decision. With a right action plan, revamping contributes the highest return on investment compared to other options.

2. Evaluation of technology upgrade to improve quality, hence, performance is a factor of revamp. A unique element of revamp is to replace conventional items, a revamped machine having major features of a new machine, performs as high as a new installation.

3. Plans for improvements in future results in distributing the total investments over a period of time eliminating huge investments at one go.
   Steel industry in India, aiming to achieve the production level of 125 million tonne by 2013, is working on several expansion projects in public and private sectors. Quite a significant capacity enhancement is routed through the concept of revamp. Either the existing production units are undergoing revamp plans or steel producers are procuring old equipment from other parts of the world and revamping it to suit their requirements.

   Revamp concept is backed up by the fact that when there is a high demand of new production equipment, due to limited number of equipment suppliers, the completion schedule is always get effected. In such cases, availability of revamped equipment fulfills part of the demand.
1. Limitations
Every revamp has some limitations. Like in case of JSPL Slab-Caster revamp, the major limitations were:
1. Identification of the features available in the latest technology vis-à-vis the existing revamped machine needs to be conducted. Best Practices to be adopted. 

2. Project team members to acquire language skills to translate technical drawings and specifications documentations. 

3. Planning the implementation of all advanced features by appropriate capital investments.
   Similarly, for any other revamp, it is necessary to identify the key features of any equipment in the latest technology. If possible, most of these features need to be installed in the revamped equipment. When the equipment is very old, from a country having different language, it is necessary to get most of the related technical documents in known language.
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