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Introduction
This report will include a detailed description of the operation of the Pickle Line in Tata Steel Strip Products UK, Llanwern. The report will discuss the effectiveness and efficiency of the line and offer some recommendations. The report will also discuss the possible improvement methods that could be used in the area. 
The main purpose of the pickle line is to remove hot mill defects and scale from the incoming strip. This is achieved by the use of hydrochloric acid. The Pickle Line process also removes the poor shape from the coil, adds scale breaker to the surface of the coil which allows the acid to attack the strip much more rapidly. Another job that is done on the pickle line is trim the strip width, checks the strip for any defects and then oils and packs the coils to customer requirements. 

Pickle Line Process
Entry Section 
At the entry section the coil is checked if it is correct. If any defects are found then those defects can be cut out at the entry section of the line. The coils are then loaded into VDU and finally the tail end of the coil is welded to the front end. 
Exit Section
At the exit end of the line the strip is trimmed and a coating of oil is added to the strip in accordance with the customers instructions. Then the strip is coiled before being banded. Once the coil is secured with a band it can then be weighed to find out its true weight after the pickling process. The coil is weighed on a weighbridge. After this the details of the coil are put into the VDU and on the outer lap of the coil for further processing. It can then be processed further or be packed to customer requirements. 
Pickling and Acid
Pickling the strip is designed to remove hot mill scale which forms on the strip. The scale is known as iron oxide. This is achieved by passing the strip through 4 acid tanks. The tanks are separated by weirs which stop the tanks from merging. The tanks are sloping 5 degrees from east to west, with the strip moving in the opposite direction. This is done to cause the optimum use of the acid and is called cascading. After the strip has been through the acid tanks, the acid is then washed off. Water sprays are used to rinse the strip. These are situated in the PLC controlled 5 stage rinse section of the line. The strip then passes through a set of edge wipers and dryers to dry the strip. Hydrochloric acid (HCL) is the acid that is used. The acid is heated to between 72-90ºC. Steam is injected through pipes to heat the acid. Heating the acid is vital as if the acid was not heated there would be no reaction of the acid to clean the strip. When the strip leaves the rinse section it will have a uniform appearance, if this is not the case then the strip has not been pickled enough. For example if the edges of the coil are darker, in this case the operator must inform the section leader who will contact the acid attendant to add more acid if required. It is imperative that no acid, oil or grease is left on the strip after the rinse section as all 3 substances would leave marks on the strip and would not be accepted by the customer. Any acid spills must be washed immediately with emergency showers provided on either side of the acid tanks. There are also emergency eyewash stations either side of the tanks. 
The Acid Process
The steel strip goes through the scale breaker unit, which cracks and breaks up the iron oxide that is on the surface of the strip. Then the loose scale particles are pushed off in the acid bath section where the scale is also dissolved by the acid. This leaves the surface of the steel clean for further processing. The concentration of the acid gradually increases from tank 1 to tank 4. In the first tank the concentration of the acid is about 2.5% or less, and in the last tank the concentration of the acid used is about 10-14%. The acid concentration is constantly monitored through the automatic sampling system and fresh acid is used if the concentration dips below. The acid attendant also manually tests the fluid in each tank every four hours to ensure all are in spec.
Scale Master
The purpose of the scalemaster is to level wavy edges that are there after coming from the hot mill. The scalemaster also breaks the surface of the coil to allow the acid to attack the strip much quicker which is more efficient. The wavy edges are removed by stretching the strip through a set of 5 rolls. The proper term for this is elongation, a typical elongation setting is 1.2%. When the set of 5 rolls become worn they will start to leave marks on the strip. If this is the case the rolls must be changed immediately. Before changing the rolls its vital that you remove the air supply that is going to the rolls. The air supply to the rolls is there to keep the rolls clean. Worn rolls may be sent to the workshop for repair. 
Welding
 The primary purpose of the welder is to join the tail end of the strip to the front end of the strip. This is achieved by means of electric flash butt shear in the gap welder. The tail end of the strip will move through to the other side after it has been cut and the front end of the next strip is positioned to the other side of the welder. Then the welder shear will move into line and when both ends of strip are in position the shear will cut the ends to give a perfect presentation of ends to be welded. The scrap from the shearing will fall down to a scrap bin in the basement below, this bin is to be emptied regularly. After shearing the entry and exit welder dies will move together and the strip will be centralised automatically or may be done manually if the operator isn’t happy with the centred strip. The reason for centralising the strip is to allow for a good weld and to let the weld travel through the line without catching or snagging. Next the ends are clamped to a pressure of 1000 psi, if this is not achieved then the limits have not been made and you are unable to weld. Whilst the weld commences it will start to flash, due to the weld consisting of an electric arc. This causes heat and sparks to be generated. The sparks are a fire risk, and you shouldn’t look at the weld whilst in progress, correct PPE must be worn. There is an automatic sprinkler system in place in the pickle line and also fire extinguishers at the side of the welder pulpit. The welder operator will decide on the correct setting for the welder by inputting data to the welder via computer in the welder pulpit. 
Pickle Line Process flow diagram can be found in the appendix of this report.
Improvements 
[bookmark: _GoBack]One of the first steps when investigating possible improvements that could be made is to identify the value of the process or product. Once the value is identified, one must then look at what affects this and what waste is in the process. James P Womack states “The most important task in specifying value, once the product is defined, is to determine a target cost based on the amount of resources and effort required to make a product of given specification and capabilities if all the currently visible Muda were removed from the process. Doing this is the key to squeezing out the waste.” This is referring to the highest amount of value being produced when all of the waste is eliminated. The value when considering the pickle line is a high quality of steel at the end of the process and in tolerance of the customer’s specific requirements. Waste can come in many different forms, but on the pickle line we are considering the loss of yield, poor quality and time when we look at waste in the process. 
Yield 
“Yield refers to the percentage of non-defective items of all produced items, and is usually indicated by the ratio of the number of non-defective items against the number of manufactured items. Yield = the number of non-defective items / the number of manufactured items.” (ASPROVA, Yield 2019)
 
To improve the yield percentages on the pickle line one would need to improve the valuable output with reference to the input. The current yield percentages are displayed in the Appendix. 
The ways one could improve the yield of the line would be to improve the flow of the line by reducing stops. In order to do this the operators who make the welds in the steel strip and the cuts to the front and tail end of the strip need to be more accurate. An improvement in the operators would mean less stops and also less cuts being taken so less material being wasted. If an operator is able to make an accurate cut with the shears first time then the stop would be shorter and the yield would increase. The only way one could achieve this would be to improve the knowledge and the skill of operators by improving the training structure within the company. 

Poor Quality 
 When discussing poor quality on the Pickle line we are looking at scale, water marks, poor side trim and over pickled steel. All of these aspects affect the output of the line and how much profit is brought to the company as a result. There is a cost of poor quality and this is highlighted in the Tata Steel Six Sigma Green Belt Training Manual in which it states “Cost of poor quality is a six sigma tool that we use in the workplace when it comes to quality. Essentially we split the COPQ into 4 separate costs, Prevention costs, Appraisal costs, Failure costs and Waste costs. If we look at these costs further, the Prevention costs would be investment from the company to keep failure and appraisal costs to a minimum. Examples of these would be Training costs, FMEA, quality system audits, poka yoke process improvements, DOE costs and more. Appraisal costs are costs due to the conformance of the product to the customer’s needs. Examples of these costs would be approvals, incoming materials testing, in process inspection and tests, gauge and equipment calibration, maintenance of test equipment, product quality audits and more. Failure costs are primarily the defects on our product. These costs consist of things like, scrap material, retest cost, reworks, failure analysis, lost customer and more. Waste costs are primarily the inefficiencies in production which add no value for the customer. These costs are comprised of unnecessary handling labour, unnecessary floor space, unnecessary cycle time, unnecessary assembly labour, labour spent waiting for parts and more”. 
From investigating the number of coils or tonnes lost due to poor quality one can conclude that on average the pickle line loses 32t every week on its yield figures. Of which about 20t is attributed to poor quality. Therefore, with pickled coils valued at about £300 per tonne the cost of poor quality on the line would be £6000 to the company every week. 

Recommendations
After considering the information discussed in the report it is clear that the need to improve on the loss in profit due to poor quality should be a priority. This will also improve the yield on the line which is also discussed in the report. 
The first recommendation would be to improve the training of the operators to ensure a higher standard of operation and also a standardized method of working so quality is more consistent. This would be a cost to the company, a prevention cost, but there would be a significant improvement in the yield and losses due to poor quality so the money would be made back in those areas and continue to improve the profits in to the future. Introducing a new updated training manual for specific jobs and areas, as well as updating the current Safe Working Procedures that are being used. 
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(Above: Pickle Line Process Flow)



(Above: Pickle Line Yield Graph)
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