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Introduction
This project will be carried out on the cold rolling Temper Mill 1 at Trostre Tinplate Works, in the Trostre area of Llanelli. The purpose of the Temper Mill is to further increase the strength of the sheet rolled steel and give it a uniform finish as well as restraining the Yield Strength of the steel produced. The project aims to speed up production time and also make operations safer to production team members who at the moment are entering the line by removing safety guarding in order to align the steel between a set of thickness reducing ‘work’ rolls. These criteria will be met by installing a feed up table on the Inter-stand of the Temper Mill. All images of work can be seen further on in this report and also in the presentation.  
Trostre Tinplate steelworks opened its doors in 1951 and has been producing tin plated steel since then. Over the years, many new production lines have been introduced as many production lines have seen a decrease in steel and therefore have mothballed. TATA Steel Trostre now run only 1 Temper Mill as opposed to 2 in its earlier years. It is a line that is used regularly, on the majority of coils that are produced in the factory and it is therefore vital that production time is kept to a minimum and the standard of the product is top quality. The Temper Mill slightly reduces steel thickness and adds strength and flatness to the strip before being sent further on to Coil Inspection Lines, Coating/Tinning Lines or the Shear Line.
To ensure both of these objectives are met, engineers at Trostre Steelworks have settled on the idea that a new design feed-up table on the inter-stand on this production line will make a change for the best. Double Reduction Mill and Temper Mill Head Mechanical Engineer, Andrew Davies has decided this plan will go ahead, whilst drawings for the manufacturing of the workpiece has been designed by himself also. The authors role in this engineering project will be to work out efficiency of the new workpiece by comparing down time, repair costs, scrap costs etc, as well as taking part in the actual instalment of the equipment. 
The equipment being manufactured needs to be precision made, and due to not having the latest machinery and enough fabricators/ machine operators with enough spare time in Trostre, the workpiece will have to be manufactured by an external company. The decision was made by engineers in Trostre to enquire with 3K’s Engineering, also located in Llanelli about manufacturing this piece for the company. As it is very local and TATA Trostre have used this external company many times, the price is likely to be lower than anywhere else. The author can also visit the company to examine progress throughout construction with permission from bosses at TATA and personnel at 3K’s, which can help determine whether deadlines are being met and if there will be any extra costs or changes to overall efficiency.




Literature Review and Background Research 
At TATA Steel, safety is the main objective for all tasks in the workplace, whether that be on a breakdown, production or workshop tasks. The overall objective of installing a new feed-up table on the Temper Mill is to minimise time that production team members are stepping inside the mill whilst live electrically and mechanically to align the steel strip. From the image shown below, you can see there is a significant drop to the base of the Temper Mill, this is where production workers will stand/lean to align the steel.
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In the centre of the photo above is the temporary table, which works fine. The drop is either side of the table which is roughly about 13ft. This is a risk which needs to be eliminated for the safety of production members that work on this line every day and night, night possibly being more dangerous due to fatigue in early hours.
The primary issue with the inter-stand table was that it was in a fixed position, unable to be moved even slightly. This then meant that roll shop production members would have to measure refurbished rolls that had a diameter that would have enough clearance from the table when being set. Alternatively, if they could not find a pair of work rolls that would fit, they would have to grind another pair of rolls, increasing the cost of refurbishments and down time. According to the latest annual statistics report last year, the average cost of having a production line at Trostre on stop for an hour costs TATA Steel £18,000. After thorough research and communication with internal engineers and external contractors, the author found figures and durations to regrind a set of work rolls. The findings can be seen below;
A turnaround period for regrinding a pair of Temper Mill work rolls takes roughly 12 hours, permitting transportation and machinery is all in good working order and traffic conditions are all good. The cost of regrinding 1 roll costs TATA Steel £600. That cost covers the price of transportation to Texture Technology Limited at Port Talbot with the company Owens Group Limited of Dafen, Llanelli. Whenever the Temper Mill runs there are 4 work rolls in the line, with 2 backup rolls in each stand also. If a pair of work rolls need to be changed on the Temper Mill it takes roll change car operator on average ten minutes to regrind a pair. This operation can take place up to 15 times a shift, taking a minimum time of 2.5 hours in a 12-hour period, meaning that 18% of the shift duration is spent changing work rolls, this is [image: ]before the line is isolated/cleared locally and restarted. 










Mentioned in the paragraph above were the work rolls and roll change bogey. The rolls sit on the bogey and are pushed into the ‘pods’ located in the drive side of the stand by means of a hydraulic cylinder.
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This image above shows the set up of Stand No.2. The gap in the middle is where the work rolls are located by the roll change bogey. The larger back up rolls can be seen above and below the gap for the work rolls.

Regarding background research for this mechanical project, TATA Steel’s methods of steel production are aimed to be kept confidential. The author required authorisation to use the photographs in this project, however, certain methods, drawings and photographs must be kept fully confidential. The author is allowed to mention that carryover tables on most mills and production lines in the works work very similarly to this one being mentioned in the project and consist of most of the same set ups, materials and components (varying on size). Online resources were not used as TATA Steel wanted to follow the methods used on other mills rather than research or enquire different methods.





Project Specification and Testing Plan
The list of deliverables set to be met were minimising the risk of lacerations to production workers, falls to production workers and reducing the time for adjustment as much as safely possible whilst trying to keep to a minimal cost. The CAD drawings designed by Total Engineering Solutions Ltd, Rhondda Cynon Taf, can be seen on the following pages as photographical evidence. The author is permitted to use these drawings as they are not designed by TATA Steel, therefore they are not confidential to the company.
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TATA Steel did not take into consideration a budget as safety is number one priority. The only part of the project where the company aimed to reduce costs within this project was the time in which it would take to produce and install the carry over table. Due to it being more time efficient, it would mean that more coils could potentially be rolled on the Temper Mill each shift. Due to COVID-19 being an ongoing issue in the workplace, the main focus is to keep staff well and when possible and safe, install the assembly in minimal time with an adequate and competent workforce. The Temper Mill can roll enough coils before the maintenance so that the dependant lines like the Double Reduction Mill and Electrolytic Tinning Line will not have to wait for production on the Temper Mill, therefore making no profit loss for the company. In fact the company is currently still making profits due to high demand for product from our biggest customers such as Heinz. The material chosen for the structure of the assembly is steel however the wear plates are nylon as they will not mark the strip and when needed are quickly machinable and cheaper than most metals.




















Project Planning
The Gantt chart which can be seen in the appendices is the timing plan the author prepared before beginning with any input into the workplace project. As you can see in the image, the project meets all time limits well until the installation aspect of the project, this is due to falling behind with some maintenances and currently battling to keep producing tinplate during this difficult COVID-19 lockdown across the UK. The item cannot being tested until fully installed. All parts are correct and precisely machined and fabricated, however, certain aspects of the working of the product, such as cylinder stroke, can only be assessed when in the Temper Mill. There is no reason that it should not work as it should, but this will only be made sure of once put into full working operations in the steel production line. 
Workplace planning enabled the author to produce the Gantt Chart. The information was sourced from meeting which took place every 2 weeks (permitting work conditions enabled so). During these meetings the author would be briefed with up to date information on the progress being made at 3K’s Engineering Company Ltd and well as the available time periods in which we had opportunities to fit the product when delivered. The Gantt chart was made in order of preparation. This meant that one draw back would stop all progress being made on the project, however nothing could be carried out elsewhere. So when the item was not installed, it meant no testing and evaluations could be made of the product.
The author also made a criteria analysis sheet to determine the importance of several aspects of the design. This can also be seen in the appendices.











Project Solutions
The three project solutions discussed within bi-weekly meeting are the following. 
1- Get by with primary equipment; 
The method of aligning the strip by hand has been used since the plant was opened, not only on the Temper Mill but many other lines, for example, the Five Stand used to have a method of hand feeding the strip into the first set of work rolls. The author’s father used to carry out this job and has informed the writer of this report that although he was not injured during his time at Trostre, others were as it was not a safe procedure. So, the primary equipment was simply a stationary table with which an operator would have to hand grab the steel strip over the gap between the work rolls of Stand 1 and place in on the table. Unfortunately, the author does not have a photograph of the original table as it was removed during the author’s holiday. The method was decided to not remain in place due to the hazard of lacerations to all production workers, and also the risk of falling over the edge of the table. Thankfully this has not occurred at Trostre, but has in other TATA Steel plants. 
2 – Try a table which could be adjusted by bolts (currently in place)
This method was meant to start as a ‘make do’ structure however it seemed to make a big increase in reducing the risk of laceration. An already used image of this mechanical structure can be seen below; 
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The milled slots in the steel plate allows the plate to be moved but kept aligned by the bolts to close to gap between the work rolls and table. This method was very cost effective costing no price as the steel was spare and was machined by on-site Vinci machinists. Andrew Davies designed a drawing using CAD software for the Vinci machinists to follow and for reference if a spare was needed. The drawing can be seen below;
[image: ]
This table is still currently in use, although the carryover table seen in the next method has been designed and manufactured, it is still awaiting installation during the next possible and safe maintenance available. 

3 – Design a new screw adjustable carryover table
The author attended meetings with head engineers, including Andrew Davies and decided the best method would be to design a new, safe to use table which would minimise the risk of falls and lacerations even further, but also to reduce the time to adjust the gap between the rolls and the table. The risks were assessed and it was decided that the cost was irrelevant and safety was by far the priority, as always. 








Design and Implementation 
It didn’t take much deciding to go along with the third solution. It was by far the most efficient option and also the safest to operate and adjust. The screw thread allows the table to be adjusted closer to the work rolls after a change from behind guarding, eliminating all potential risks of falls and lacerations. The final product was produced on time by 3K’s Engineering Company Ltd and has been in safe keeping in the spares bay of the Temper Mill for some weeks. Standards issues such as breakdowns, low manning and product demand has unfortunately prevented the carry over table from being installed on time, but due to it not being a critical piece in order to carry on with production, it has not made an impact on cost of the project. The image below shows the carry over table in the spares bay awaiting installation after the COVID-19 period, which has made a big impact on the number of maintenance staff throughout the company. 

[image: ]




Analysis, Results and Evaluation 
Unfortunately, this project will not be completed by the set date due to the impact of COVID-19. The workforce was made significantly smaller in an attempt to reduce the risk and possible spreading of the virus. The plans put in place during this challenging period are as follows;
· The Days Mechanical/Electrical crafts teams will be reduced to half the number, one week half the team will be present at work, adhering to Health and Safety measures put in place the Government and TATA Steel, whilst the other half are on call from home for situations such as a large breakdown.
· All non-essential workers such as apprentices and office based staff have been ordered to stay/work at home. 
· Any non-essential tasks will be postponed, for 2 reasons. First reason being, the plant is playing a crucial role in supplying steel products during the lockdown. Tinplate for food tins is being rolled non-stop, given there are no faults on any lines and must continue that way as much as possible. Therefore, all non-essential maintenance tasks have been postponed until there is enough time to do the tasks without affecting the output of product. The second reason is that it would be very difficult to carry out most maintenance tasks whilst adhering to the 2-metre exclusion zone required in an attempt to keep all members of staff safe during this period. Heavy lifting, and confined spaces would mean that workers would be far too close to each other for safety, and that use of certain PPE such as dust masks cannot ensure the risk is completely minimised. 

The testing will take place as soon as safely possible. The item must be installed adhering to all lifting regulations as part of Health and Safety. The measurements are correct, as they have been checked before dispatchment from the manufacturers. Once fitted, the engineers and author will test the efficiency compared to the Project Design Specification which can be seen as an appendix.









Conclusion 
To conclude, although the carry-over table failed to be installed on time. It has not made any damage to the company’s profit. As mentioned, COVID-19 has made a big impact on production, therefore at the rate of production within TATA Steel Trostre at the moment, we are producing far more rapidly than normal. The testing will take place at a later date as will all efficiency analysis etc. This is by no means a failure as it will make a difference to safety when installed. It is now just a waiting game of being given the go ahead. The author believes that the project should have been looked into at an earlier date, as soon as production members mentioned the equipment was causing issues and wasn’t safe. Those few weeks could have meant that the equipment would have been installed before the UK Prime Minister declared lockdown and that would have meant all necessary points on the timing plan could have been met in time and the Temper Mill could possibly produce excess steel to plan ahead of any unexpected maintenance or breakdowns



















Appendices
Product Design Specification
Design Specification for a Carryover Table in a steel production mill
Performance
1.1 Be able to transport steel from stand 1 to stand 2 of the Trostre Temper Mill.
1.2 Be fully adjustable to reach a suitable distance from ‘work rolls’ after a roll change. 
1.3 Operate up and down using a standard pneumatic double acting cylinder from the work stores.
1.4 Efficiency should make an adjustment after roll change 80% quicker, in terms of time taken.
2.0 Environment
2.1 The drive for this will be from the mains air supply, lowered to the required pressure by a relief valve
2.2The product will endure warm conditions due to friction from the steel.
3.0 Product Life Span
3.1 The steel frame is aimed at a life span of 15 years.
3.2 The nylon pads aim for a life span of 4 years with good maintenance.
4.0 Shelf Life
4.1 The product will be stored on-site for up to 1 month before installed.
5.0 Target Costs 
5.1 The cost of manufacture should be less than £5000
5.2 The cost of packaging and delivery should be no more than 5% of the manufacturing cost.
6.0 Maintenance
6.1 Only to be maintained if a problem is evident, otherwise, standard operational checks are carried out before every 12 hour shift to ensure the stroke of the cylinder and runners are in good working order.
6.2 Parts requiring checks should be accessible within 10 minutes without the use of special tools or equipment, by simply removing guarding, no scaffolding is required.
6.3 All fasteners used should comply with BS6105.
6.4 Spares are always in stock in the mechanical spares stores on site.
6.5 No special tools should be required for maintenance.
7.0 Packaging
7.1 Packaging / transport cost should be kept to a minimum and preferably below 5% of the unit cost.

8.0 Size and Weight Restrictions
8.1 Weight should not exceed 300 kg.
8.2 Length not to exceed 3000 mm.
8.3 Width not to exceed 3000mm.
8.4 Height not to exceed 900mm.
9.0 Aesthetics
9.2 The form can follow function.
9.1 Aesthetics aren’t very relevant, it is not meant to look nice as it is only to be used in this industrial environment and is not in production for any other market. This is a one off product.
10.0 Ergonomics
10.1 Controls to be mounted in an accessible position, relative to the operator i.e. knee height - around 0.5 m, to accommodate 95% of the working population.
10.2 All controls should be hand operated, requiring one-hand operation from the operators pulpit and the screw thread is accessible from the inter-stand, which can only be accessed when the line is not running
10.3 One man should be able to operate the product.
11.0 Standards and Specifications
11.1 Standards to be adhered to:
· BS 6105 and BSEN 20898(1) Bolts 
· BS 6322(2) & BS 4320 Nuts and washers 
· BS 3019 Welding 
· BS 5989 Bearings 
· BS 1399 Seals 
12.0 Safety
12.1 If cylinders were to fail, they are cushioned and would not cause damage to the carry over table.
12.2 The table will not be operated during any maintenances/breakdown when staff are in the mill.
13.0 Legal
13.1 Possible litigation lies in the user injuring themselves by having access to moving parts during table operation.
13.0 Installation
14.1 Will adhere to lifting, manual handling, and Health and Safety Regulations at all times. All lifting equipment will be checked and correctly tagged. 

14.0 Documentation
14.1 Product should be supplied CAD drawings for future reference.
14.2 Owners will design a maintenance report on on-site intranet database.

















Timing Plan
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Criteria Analysis
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