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[bookmark: _Toc39147213]Summary

In this document the author discusses the project that has been applied to the double reduction to make the process of feeding the strip through the double reduction mill safer and less strenuous on the line operators who have to feed the strip between the rolls on the mill manually which could lead to the line operators injuring themselves in the process as they have to go behind the mills guards which poses a hazard. The author and the engineers decided to install a new feed up roll into the mill to guide the strip through the mill without anyone needing to enter the mill and manually handle the strip and making the mill more efficient as the mill doesn’t need to stop to feed the strip through the mill. The project was a success and was carried out over the course of three maintenance periods without causing any interference with the running of the double reduction mill between maintenances. The only issue that the author came across is when one of the parts failed during testing after the third maintenance period however there was a spare on site and the issue was resolved the same day and did not have an effect when the line was meant to start up again.
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[bookmark: _Toc39147216]introduction

The TATA steelworks site in Trostre works in the manufacturing of tinplated steel as well as electro chromium coated steel and laminated steel for packaging applications which are used in the food and drink industry to create tins and cans. They are also used in industrial use in the packaging of aerosols and paint tins. The Trostre site takes hot rolled steel from Port Talbot and then applies different processes to the product to meet the customers specifications. 
The double reduction mill is used to process steel and cold rolls the steel under high amounts of force to reduce the thickness of the steel and can reduce the thickness of the steel until it is 0.6mm in thickness. The thickness it actually reduces the material changes due to the specification of the product that the customer requires, and the company ensures that these required specifications are met to ensure that they get the product.
In this document the author will be discussing the current issue with the way the strip is fed between the stands on the double reduction mill as they are currently pose a potential danger to staff as the have to go into the mill  while it is running to feed the strip between the rolls as and could pose as a potential hazard as they could possibly pull someone into the mill if they were to get caught on the roll while they are in operation. The main target of this project is to find a safer method to feed the strip between the rolls to ensure that they do not pose a threat to people running the line and to ensure that no-one has to go behind the barriers while the line is running. The author will look into the different options available to them and will then weigh out which ones are more suitable for the double reduction mill and how good they will be in the long run as well as ensuring that they meet the product specifications.
The people involved in this project include engineers Andrew Davies and Chris Murray who are in charge of the project designs and how they are to be implemented. Contractors from Vinci aided in the maintenances when it came to fitting the variable parts of the project and fitters aided in helping the author gather other information about the project. 

[bookmark: _Toc39147217]Literature Review and Background Research

There are existing resources of information through the designs of different machinery that are already present on site. There are machines with a similar design to the double reduction mill such as the temper mill as well as the five-stand mill. These designs consist of the strip being fed between different stands. The main methods of feeding the strip between the stands and then between the rolls consists of three methods. The three methods include the strip being hand fed between the roll as well as a feed up table or a fixed table, each has its advantages and disadvantages mainly concerning cost and safety of the method as well as how safe each is to work around when it comes to maintenance of the line.


[bookmark: _Toc39147218]Project Specification and Testing Plan

The author wants to remove the method of hand feeding the strip between the rolls on the mills as it is a hazardous method and if done incorrectly could lead to injury. This method is also unsafe as the people who work on the production line have to get behind barriers and safety guards while the line is running to carry out this process. Due to this it is an unsafe method and should be changed to one of the other methods being either the permanent fixed table which can be found on other lines on site or the feed up table which is safer and is easier to use.
Once the changes have been applied to the double reduction Mill, they will be tested to ensure that they work manually and once the author and engineers are happy with it they will then put the system on automatic and observe the mill for the first two coils to ensure that the new feed up roll is working the line operators will then take over and will continue to monitor the system and will notify the author and the engineers if there are any issues. The budget of the project was £20,000 to ensure that everything that was needed to carry out the project could be supplied.
All information regarding drawings, part numbers and CAD can be found in the appendix as well as the cost of the project.
The image below depicts one of the line operators having to remove guarding to manually feed the strip between the rolls.
[image: ]

[bookmark: _Toc39147219]Project Planning 
The author and the site engineers attended meetings to discuss the options that are available to be applied to the double reduction mill 
The author and the engineers working on the double reduction mill decided that there were three options that could be applied to the mill.
[bookmark: _Toc39147220]Plan one
The first option would be to leave line operators manually handle the strip as it is fed between rolls on the mill, however this has to be done while the line is running and poses potential hazards such as getting caught in machinery which could lead to injury, the strip is also heavy and is awkward to manoeuvre  and can potentially cause the line operators to strain themselves in the process of handling the strip
[bookmark: _Toc39147221]Plan two
The second option is to use grabbing tools to handle the strip as there are already many on site that are used in various parts of the steelworks, however due to the guarding that is on the double reduction mill the job is awkward and it is difficult to manoeuvre the strip as the guarding gets in the way while trying to use the grabbing tool. This method does remove the hazard of line operators from cutting themselves on the strip as well as getting caught in machinery however due to the guarding that is used on the double reduction mill it makes the task more difficult to do. If done incorrectly the grabbing tool could be dragged into the mill and could potentially damage the mill as well as the product and could lead to the mill being out of service until the mill can be fixed.
[bookmark: _Toc39147222]Plan three
The third option was to insert a new framework into the mill and have a new pneumatic cylinder lift a feed up roll into place which rotates through the use of a pneumatic motor that is attached to it by a chain to rotate the roll, this ensures that the roll doesn’t stick which could damage the strip as it passes through the mill. The author and the engineers then decided the project could take place over the course of three planned maintenance periods where the different components were added to the line within the allocated timeframe that was given. The three maintenance periods consisted of adding new items to the system without interfering with the systems operation until the new system was in place ready to take over. The author and the engineers worked out that projects cost would mainly be due to labour and parts that are not already supplied on site. 
 




[bookmark: _Toc39147223]Project Solutions 

The options that can have been applied to carry out this process is by enabling the use of tools that are able to grip the strip as well as be able hold it securely this will enable the line operators to have more distance from the strip which will then in turn reduce the likelihood of the line operators from getting caught in machinery or getting cut by the strip while carrying out the task however this process may be awkward to carry out due to guarding being in the way and could prove to be difficult. Operators would still need to take the weight of the strip while moving and lifting the strip into place which in turn may cause the line operators to strain themselves. The other options consist of leaving the mill in the same condition and have the operators carry on as they usually do, however the hazards are still in place and could lead an injury if not done correctly. The other option is the one that the author decided to use and that was to implement the use of a new feed up roll in the system that is lifted into place by a pneumatic cylinder and is rotated by a connected pneumatic motor. This method ensures that the line operators do not have to go behind the machines guarding and that they will not have to handle the strip manually and feed it manually between the rolls on the double reduction mill

[bookmark: _Toc39147224]Design and Implementation 

[image: ][image: ]During the first of the three maintenance periods the new framework was fitted into the double reduction mill which has been designed to have points to attach the air motor and the pneumatic cylinder as well as the roll. Directional control valves that are used to operate the pneumatic cylinder and the air motor were also fitted during the first of the three maintenances they were fitted to the top of the Double reduction mill as the images below show the framework fitted within the double reduction mill as well as the directional current valves and are depicted in the pictures below.
[image: ]
During the second maintenance pipework was fitted to connect to the directional control valves to apply pneumatic power to the system, the pipework was fitted to run over the top of stand 2 on the mill to ensure that it is out of the way when it comes to the event of a roll change or maintenance where the mill may need to be stripped down prior to carrying maintenance procedures on the mill. The pipework then comes down the outside of the mill between stand two and stand three it then goes below the frame work that had been fitted on the previous maintenance where it will be ready to be fitted to the Pneumatic motor and cylinder on the next maintenance period. The images below show the fitted pipework on the double reduction mill and how it is fitted around the mill.
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[image: ][image: ]
[image: ][image: ]

During the third maintenance period the author was assisted with the help of Mario and Cliff who are contractors from Vinci due to some of the components being large and heavy the job needed at least two people to carry out the task. Once all isolations and required health and measures had been applied and flooring was removed and scaffolding was applied where needed to be able to have access to the job at hand the group then began to remove the feed up table the author removed all the bolts  that were securing the feed up table into place and the author was then assisted in removing the feed up table from the double reduction mill. Once the feed up table was removed it was then handed over to a fitter who was competent to carry out cutting procedures to reduce the length of the fingers on the feed up table this needed to be done due to the new roll being fitted onto the mill. If the fingers were not cut down to size the table would not be able to fit correctly within the double reduction mill, it is easier to have the feed up table rather than have a new one made to compensate for the new roll that will be added to the double reduction mill.
The image below shows the feed up table being altered for the roll to fit within the double reduction mill without any issues with the machine’s operation.
Once the adjustments had been applied to the feed up table the author then focused on the other parts and components that needed to be added to the system prior to the refitting of the adjusted feed up table. The author then proceeded to fit the new pneumatic motor into the framework by bolting it down into its designated slot that had been made on the framework ready for the pneumatic motor to be bolted down into place. The author then proceeded to fit the new roll into the framework the fitting on the framework had a curved surface for the roll bearings could sit within the frame and it would then have a housing on top of the bearing that would then be bolted down into the framework to hold the roll into place, once the roll was bolted down the author then proceeded to fit the new pneumatic cylinder, the bottom of the cylinder was pinned to a part of the new framework that was sturdy had no way for it move while the pneumatic cylinder was being put into action. The top of the cylinder was fitted to allow the feed up table to ascend or descend depending on the actuation that is being applied to the system. By having the pneumatic cylinder pinned to the operational part of the framework this will allow the roll to be lifted or lowered into the necessary position to lift the strip into place as it travels through the double reduction mill. Once the cylinder was pinned into place the author then proceeded to put split pins through the ends of the pins to ensure that they would not be able to come loose when the system is put into operation. 
The images below show the author fitting the pneumatic cylinder into the double reduction mill with the aid of other members of the group. The image shows how the cylinder is fitted within the double reduction mill as well as showing how the system would carry out the lifting operations needed to adjust the feed up rolls position to get a grip on the strip as it passes through the mill as well as the changes made to the table.
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Once all major components had been fitted into place the author then loosened the bolts on the pneumatic motor to allow for slack prior to fitting the chain between the pneumatic motor and the feed up roll. The motor is used to drive the roll to ensure that it turns at the same speed as the strip as it passes through the mill this is to ensure that there issues such as the product being damaged when thee feed up roll is being placed into action. The author removed then removed a few links from the chain prior to it being placed into the system as it wouldn’t of had enough tension and could have resulted in damaging the system or the chain from coming loose while the system is in action. Using a pair of pliers and a tool to remove links the author then removed the spare links from the chain and then reassembled the modified length of chain around the roll that had been fitted and was then attached to the gear on the roll and the gear on the pneumatic motor, once the chain had been fitted the author then tightened the bolts on the pneumatic motor which then re-secured it against the framework by doing this tension was applied to the chain in the process.
Once the author had ensured that all the mechanical components had been correctly fitted the author then traced the pipework back to the directional control valves prior to fitting the hoses between the pipework and the new pneumatic components that had been added to the system. The author did this to ensure that all the pressures are going to the correct place, two of the pipes were connected to one directional control valve and they feed into the pneumatic cylinder one to make the cylinder extend and the other to make the cylinder retract. The other pipe was attached to a separate directional control valve, this one is used to operate the pneumatic cylinder. Once the author knew which pipe was connected to what component the author then connected the hoses to the correct components and pipework.


[bookmark: _Toc39147225]Analysis, Results and Evaluation

Once the last maintenance had been completed and the author was happy with the job the double reduction was then put back into action after all the other groups working on the maintenance had finished their individual tasks and the mill was the put back together all permits were signed off and all scaffolding had been removed from the mill and the mill was put back into working order. 
Once the author and engineers checked to ensure that all permits and isolations were removed from the double reduction mill, they then proceeded to start to start testing the new feed up roll system. They then used the controls to extend and retract the new pneumatic cylinder and the cylinder operated to specification lifting the roll into place and then being able to retract with ease, it did not show any issues such as sticking while extending or retracted and operated with ease. The author and line operators then operated the pneumatic motor which rotates the feed up roll that is used to prevent the strip from getting damaged while it is being processed the roll and motor then rotated for a few seconds before it suddenly stopped, the author and engineers then applied isolations to the double reduction mill and signed permits so that they could look into what had caused the sudden stop of the motor. Once they were able to enter the mill, they then loosened the bolts at the foot of the motor to relieve tension off of the chain that was connecting the motor and the roll together they then began to try and turn the roll to find that it was rotating freely, they tried to rotate the pneumatic motor to find that it had seized, they then removed the motor from the mill and the author and the engineers went to get a spare motor from the onsite stores, once they found a spare they then fitted it and re-applied tension to the chain. Once the motor had been fitted, they then removed the isolations that had been applied to the mill and signed off the permits. The author then tried to operate the motor again to ensure that the spare that had been fitted is working up to specification, the motor then ran without any issue and rotated the roll as required. The line operators then ran a strip while the author and engineers to observe and the system worked up to specification with the cylinder lifting the roll with the strip on it into place to be able to feed between the rolls and the roll worked efficiently without causing any damage to the strip as it was being processed through the mill. The author was satisfied with the operation of the feed up table, after inspection of the motor that had seized the author had found that there was throw in the motor and that it had become jammed against the housing of the motor. The motor was then sent ack to its manufacturer to be repaired. Other than the motor seizing the project was a success and the mill is working more efficiently as well as being safer for the line operators as they are not having to go behind the guards and manually handle the strip which was one of the main points of the project.


[bookmark: _Toc39147226]Conclusion

The author concludes that the maintenance was a success as the new feed up table meets the projects specifications as well as being safer than the other methods that were available the machine is able to able to process the strip more quickly as the machine doesn’t have to stop to for the double reduction mill line operators to manually feed the strip between the rolls. The author and the engineers managed to carryout the project without having an effect on the running of the mill and were able to carry out all the work during the designated maintenance periods with the only issue being the faulty pneumatic motor which was resolved the same day as it was installed due to the supply of spares from stores the cost of the components that needed t be ordered in came to a total of £13,813 the cost would have been higher however all the other components such as pipework and nuts and bolts as well hoses were already in the onsite stores as spares. The double reduction mill is now running more efficiently and more safely, and the project was a success.


[bookmark: _Toc39147227]Appendices 
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[bookmark: _Toc39147231]Feed up table and component maintenance schedule
Maintenance of the feed up tables should be planned to fall within the days that are allocated maintenance days every six weeks, checks should be carried out on a monthly basis 
The following items need to be checked and maintained on a regular basis to prevent lost time due to breakdown. All parts needed for repairs and replacement should be either ready within the on-site stores or ordered in prior to maintenance activities being carried out 
Pneumatic cylinder
The cylinder should be checked to ensure that it operates smoothly without any incremental movements and there should be no issue with it. If the cylinder starts to stick during its movements this can be resolved by applying lubrication to the shaft to ensure that the cylinder is able to move freely without any issues
Hoses
All hoses should be checked to ensure that they are not damaged or leaking which could lead to contamination and loss of pressure within the system which could lead to the strip getting damaged. Change hoses where required and use PTFE tape on the ends of the hoses to aid in leak prevention within the system
Roll 
Check the roll to ensure that there is no damage and ensure there is nothing on the roll that can damage the strip or contaminate the product. The roll must be able to spin without any issues to ensure that the bearing that are used at the end of the roll are not damaged and are able to move freely without any issue as well as ensuring that the bearings are lubricated properly to ensure that they don’t seize or overheat while in action.
Air motor
Ensure that the air motor is able to move freely, if it is stiff try to lubricate the air motor prior to running it and ensure that it turns freely, ensure that there are no air leaks and use a filter where the air exits the system to prevent the system being open to contamination. If there are issues with the air motor this could be due to issues with the veins not moving properly within system which then in turn could lead to the air motor seizing. This can be resolved by changing internal components such as veins and springs to ensure that the system is free from faulty/ damaged internal components.
Chain
Ensure that the chain is in good condition and that it is properly tensioned as well as not having any damage due to the chain being overloaded such as the chain being stretched. If the chain is damaged it can either be repaired by replacing links within the system, however it is usually better to improve the entire chain if it has been overloaded to the point where it stretches.
[bookmark: _Toc39147232]Product Design Specification
Double Reduction Mill Stand 3 Feed Up Table

Design Brief
From looking at the performance of new methods that have been implemented onto other machinery on site we have decided to place a new feed up table between stands two and three on the double reduction mill and is based on a similar system that is used on the temper mill.

Performance
The feed up table’s job is to feed the strip from the rolls from stand two to stand three on the double reduction mill this will make the mill more efficient as the strip will not have to be fed into the rolls by hand, which can also in turn be a strenuous task which if not done properly can be very hazardous to the person feeding it between the rolls as they could  get caught in the machinery.


Environment
The feed up table will be running within the double reduction mill and the feed up table can be exposed to substances such as oil and is also a humid environment. Spare parts of the feed up table such as spare cylinders, bearings and motors will be kept in the onsite stores which are usually a dry environment and is kept clean to prevent contamination of parts and spares to ensure that the parts are in a good condition prior to the parts being put into service.

Product life span
The feed up table should be a permanent fixture which may require maintenance over time. The main components that may need to be changed include the roll, the cylinders and the bearings depending on the condition of the part and how efficiently the double reduction mill is running with these parts in place and whether the line would run more efficiently with newer parts being put to use.

Life in service
The parts should last for years unless there are issues with the parts which could lead to their deterioration over time which would then lead to them being maintained or replaced.
Their lifespan could be cut short if the line is overloaded which could lead to parts of the machine as well as the feed up table being damaged.

Shelf life
The parts required for the feed up table have a long shelf life, however the seals on the pneumatic cylinder may need to be changed depending on the condition of the current seals within the pneumatic cylinder

Target costs
The budget of the project is £20,000 however the author wants to reduce the costs to below £15,000 by using supplies that are already on site in the onsite stores
Quantity
N/A

Maintenance
Annual maintenance Christmas time and there are smaller maintenance’s every 6 weeks on the mill to ensure that it is working to the best of its ability. During the maintenance, the most critical elements of the double reduction mill are the main focus of the maintenance process.

Marketing 
This is not applicable as the product is being manufactured to be integrated into the double reduction and will not be put into production and marketed for consumers to purchase.

Packaging 
N/A

Size and weight restrictions
The size of the feed up table is restricted as it has to fit in the line without affecting other parts of the line 
The weight of the feed up table is restricted to 150kg as it may need to be moved from within the line during maintenance procedures

Shipping 
N/A
Manufacturing processes
Any parts that cannot be manufactured on site will be ordered in from external companies.
Aesthetics 
As long as the feed up table is able to carry out its task to the specification it does not matter what the appearance of the feed up table looks like as long as it does its intended purpose and looks professional.

Ergonomics
The feed up table has been ergonomically designed to fit within the tight spaces within the double reduction mill and has been designed to ensure that it is relatively easy to install the system without any issues. 

Customer requirements
N/A

Competition
N/A

Quality and reliability
All the parts used in the feed up table have been used throughout the steelworks on a few different lines on site and have been in use for years on site. This is why the engineers and the author have decided to carry on using these parts as we know that the suppliers are reliable when it comes to meeting deadlines on orders as well as establishing that the parts are more than able to carry out their role within the mechanical systems on site. We also know that the suppliers meet our quality standards on the products we purchase from them and that they all meet with British standards.
This method of using a feed up table in other parts of the steelworks and can be found to be in use in the five-stand mill on site. Due to a similar feed up table being used elsewhere on site has given engineers an idea of the reliability of the product as well as an understanding of how it works as well as what work can be done to ensure that it is able to work to the best of its ability.

Standards and specifications 
All parts added to the must meet British standards and regulations to ensure that the parts are fit for use and that they are 

Company constraints
The installation of the feed up table and all of its accompanying parts and systems are constrained to when the machine is down for maintenance periods and is not the top of the priority list as it is not needed immediately to keep the machinery and other parts may be critical to the running of the double reduction mill. Other constraints include the size and weight that the feed up table must meet to ensure it is easy to install and is the correct size to ensure that it fits within the double reduction mill. 

Processes 
All components used in the system must meet British standards and regulations

Safety
The feed up table is being placed within the mill to improve the safety of the feed up process. It will improve this process as at this present moment personnel who work on the double reduction mill have to remove barriers to carry out work on the line. All parts and components must comply with health and safety regulations

Testing
Testing is to be carried out after the third maintenance is completed and all equipment has been checked to be fitted correctly, testing will be carried out by manually operating the new components added to the system ensuring that they operate correctly 

Legal
All the designs and documentation must meet British standards as well as methods put into place to carry out the installation must meet safety standards as well as follow safe working procedure to carry out the installation.

Installation
The installation of the feed up table is to be done over three different maintenance periods and must comply with health and safety regulations
 
Documentation
The documentation that will be in use include drawing for the parts needed to do the installation as well as assembly drawing of the fully assembled product as well as drawing of the pneumatic system that actuates the cylinder that feeds the strip between the two roll as well as the motor that feeds the strip between the rolls.
Disposal
Any components that need to be disposed of could be sent to be repaired on or off site, if it is beyond repair it will be disposed of in appropriate and environmentally friendly manner

[bookmark: _Toc39147233]Parts lists
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Abro Engineers Ltd

DRAWING No | ITEM DESCRIPTION QTY UNIT WT
103401201 ASSEMBLY OF DR MILL FEED UP 2
103401301 T__|SUPPORT FRAME 7 705
103401302 T |PNEUMATIC CYLINDER 1
103401303 T [toPCAP 2 0.9
2 __[sHM 4 77
3 [BUSH i 0.2
4__[BUSH 2 o
5 [THRUST WASHER 2 03
6 [BUSH 2 05
7 _|BUSH 1 02
8 [SHIM 1 06
703401304 T |ROLLER ARM 1 67
103401305 1 [SHAFT. 1 14
2 |SHELL 1 38
3 |COVERING 1 45
4__|END CAP 1 T
5 |END CAP 1 1
103401306 7__[HOUSING 2 i
2 |SPROCKET 1 0.8
3 |AIR GEARMOTOR T 2.6
103401307 1 |FEED TABLE T
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103401201

DRAWING No | ITEM DESCRIPTION MATL QTY.

103501201 1__|SIMPLE CHAIN. 1/2" PITCHx64 PITCHES AS MADE 1
2 [HEX. HD. SCREW M16x90 LONG GR88 2
3 |HEXNUT Mi6 SKF 6
4 |HEX. HD. SCREW M16x55 LONG: GR8.8 16
5 _[SINGLE COIL SPRING WASHER M16 TYPE B SPR STL 20
6 |HEX_HD. SCREW M16x60 LONG GR8.8 4
7 __|SOCKET HD. CAPSCREW M12x30 LONG GR12.9 4
8 |SOCKET HD. CAPSCREW M6x20 LONG GR12.9 16
9 |EXTRACTABLE DOWEL DIA6x20 STEEL 4
10 [SPHERICAL ROLLER BEARING 55x100x31 REF BS2-2211-2CS SKF 2
11 |LOCKNUT KMi1 AS MADE 1
12 [LOCKWASHER MB55 AS MADE 1
13
14 [HEX. HD. SCREW M8x40 LONG GR 8.8 4
15__|SINGLE COIL SPRING WASHER M8 TYPE B SPRSTL 4
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