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Figure 1 – A coilbox working in a hot strip mill [1]
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[bookmark: _Toc24734356]1 Introduction
[bookmark: _Toc24734357]1.1 Benefits of having a coilbox in a hot strip mill
The coilbox was first built in 1984, a massive advancement for the hot strip mill. Annual tonnage increased significantly, going from 1.4 million tonnes a year to hitting their record of 3.4 million, the coilbox being a huge factor in this increase. 
In the hot strip mill, the Coilbox is located in between the Roughing mill and the Finishing mill. The coilbox is made up of a series of rollers starting with the entry rollers (3 in total). The purpose of these bending rollers is to bend the headend of the strip coming into the coilbox to allow for the strip to form a coil. The next section is a cradle roller that supports the coil once it is formed, working in tandem with the bending rollers. Once a decent amount of coil is formed the cradle roller will drop to allow the remainder of the strip to coil up. Once the coil has formed, the peeler arm will activate and descend down towards the coil and tuck itself at the bottom (new top surface) of coil. Now the cradle rollers turn the opposite way and the strip starts to unwind itself across a series of rollers and into the leveller. The leveller is a driving force that helps maintain the direction of the strip using a driven roller whilst also flattening the strip to reduce any turn up which could cause a collision with the crop shears. It is vital that the strip is in a desired position for the shears to have optimal effect when cutting a straight edge into the head end of the strip, allowing the finishing mill to process the strip efficiently. The final part of the coilbox process is the finishing scale breaker, this is a high pressured water spraying system that’s purpose is to clear the strip of a build-up of scale, creating a clean surface area and avoiding the processing of any debris into the strip.
In this report I will include key points about the effectiveness of the Coilbox in a hot strip mill. This report is necessary as it highlights a lot of benefits of having a Coilbox in a hot strip mill but also I am weighing them against the problems that come with it that heavily contribute to a drop in production. This is necessary as looking at the difference between rolling in straight through mode against coiling mode you can quite clearly see which mode produces more product. During this report I will also include the various situations that occur that lead to a loss in production.
 
[bookmark: _Toc24734358]1.2 Processing time
One of the main benefits of having the coilbox in a hot strip mill is that it creates a significant reduction in processing time. The coilbox reduces the distance the transfer bar needs to travel from the roughing mill to the finishing mill. Once the coil is formed and uncoiling starts, the roughing mill is able to process the next bar due to the delay table being free of any strip, resulting in a massive drop in processing time. This is critical for the hot strip mill as this allows the mill to process more coils for customers and for the company, creates better profit margins.
[bookmark: _Toc24734359]1.3 Quality
Whilst also improving productivity, the coilbox significantly improves strip quality. See here by [2] he talks about how the transfer bar is able to retain its heat whilst coiled up, giving you a uniform temperature when entering the finishing mill. This results in an improvement in strip quality that allows the finishing mill to process the strip at an optimal level but also the properties of the metal are better founded and production of quality steel is the outcome. This production of quality steel is what our aim is in order to keep customers happy and with minimal issues when they go on to process the material for their desired use.

[bookmark: _Toc24734360]1.4 Reduction in power 
Further expanding on the benefit of processing high quality strip through the finishing mill, is that it is processed at a reduced power output from the motors in each stand during finish mill rolling. Looking at a technical paper from [3] he talks about the coilbox being a huge benefit for reducing energy usage. This is because the metal is softer at higher temperatures, meaning to reduce the strip to the desired thickness, the motors do not need to work as hard as when the strip was entering the stand at lower temperatures (below 980C).

[bookmark: _Toc24734361]1.5 Cobble recovery
The coilbox serves as a great tool in certain situations that occur during hot rolling. Cobbles are one of the main causes of large delays in production so cobble recovery is an important aspect of the steel rolling process. This occurs when the rolled strip starts making unwanted lateral movements, causing the strip to steer towards the edge of the mill or over the guides, causing a cobble [4]. Once given the all clear that the finishing guides are retracted, the coilbox is able to pull strip back very quickly using the pinch and cradle rollers. Once whatever strip is recovered, the rest of the cobble can then be recovered via the use of burning lamps and using slings to crane lift the material out. The coilbox has taken away majority of the material which will have cut the delay time by 40 - 80%. The coilbox also serves as a great tool for avoiding further burning. Due to the fast production rate, if a cobble occurs, there is usually strip waiting to enter the coilbox. The coilbox in this case can coil the strip from the roughing mill and also pull back the strip from the finishing mill. This cuts delays massively as the crane can lift both coils out easily and conveniently.
[bookmark: _Toc24734362]1.6 Increased product mix
Once implemented, the coilbox allowed for a greater product mix in the hot strip mills order book. The new coilbox allowed coils of total mass close to 30 tonnes and widths ranging from 650mm – 1850mm. Not only width but the coilbox allowed for transfer bar thicknesses ranging from 34mm to 45mm depending on the grade of steel being processed. To reduce a 10m slab to a transfer bar of 35mm, the total length of the bar is around 84m. The distance between the roughing mill and the finishing mill is only 54m. We aren’t able to push and pull a bar at the same time as this would cause width pulls in the strip that would lead to quality issues. The coilbox is able to reduce the distance between the roughing and finishing mill to allow this product range to be processed. 

[bookmark: _Toc24734363] 2 Problematic areas surrounding the coilbox
[bookmark: _Toc24734364]2.1 Grades of steel

[bookmark: _Toc24734365]2.1.1 Silicon
From the variety of product that we roll, there are a handful of grade specific products that are difficult to process through the coilbox. Silicon grade material being the most difficult due to the potential risk of failure to enter and the extreme difficulty to recover the material. Once cobbled, the strip will slowly cool down to room temperature and show brittle properties due to a failure to process the material correctly. [5] McHenry stating that steels with a silicon content exceeding 2% show great embrittling effects, making it very hard to produce. This delay will now be prolonged as the silicon material will be shattered into hundreds of pieces wherever it has been processed, meaning everywhere will need to be thoroughly checked for debris/material.
[bookmark: _Toc24734366]2.1.2 Tubes
Some other high risk materials that we process are project tube material. This material is difficult to process as the entry temperature needs to be 1010C. This temperature causes a turn up effect on the headend which can lead to it colliding with the crop shears and failing to enter. Only way around this is to keep the peeler arm down until a cut is made. The other problematic area of rolling tubes is the width. These slabs tend to range from 650mm – 1000mm. The potential for a coil to walk off centre is extremely high when coiling narrow tubes as they are unpredictable in nature and the recovery time is also shorter than normal coils as they are temperature critical. If too cold, the strip will either cobble in the early stands of the finishing mill or if processed, be rejected for temperature. These materials are manageable with the correct computer setup and the right experience however the margin for error is very slim and the potential for delay is very high.

[bookmark: _Toc24734367]2.1.3 Tenform (Automotive)
Tenform grade is another problematic grade of steel that we process. This is a high strength steel with enhanced properties for forming and welding, particularly in the automotive industry [6]. It is very difficult to handle at times and there are many factors as to why. This product range has multiple transfer bar thicknesses and widths for its final product. When the transfer bar is thin (34mm) during coiling, the strip has a tendency to walk off centre and instead of coiling tidily, will coil in a side to side motion and the operator then needs to step in to recover the strip. If the width is narrow as well as a thin transfer bar, then this scenario will occur regularly and the small delays when trying to recover the coil will start to add up as this material is also temperature critical for reaching its optimum properties. It is vital that the operator adds interventions to prevent these issues from occurring or at least to minimise them. Reducing the entry and coiling speed helps a lot as it is more controlled during coiling. 


[bookmark: _Toc24734368]2.2 Maintenance
[bookmark: _Toc24734369]2.2.1 Wearing of rollers
The coilbox is fairly complex in the way it works with multiple parts working together to form a coil and feed it into the finishing mill. With excessive use comes a heavy amount of maintenance needed in order to maintain reliability and efficiency of the coilbox. During rolling, the strip will enter the coilbox at speeds of around 180m/s -210m/s, the initial heat shock and the overall strength of the material will have its effects on the rollers [7]. Alongside this, the resistance of the strip against the roller will also have its wearing effects and overtime cause the roller to have wear points. This will cause issues at certain widths as the wear points will not make contact with the strip and cause the strip to uncontrollably move side to side, causing the operator to step in and recover.
Alongside wearing of rollers, we have a lot of other issues that could potentially lead to prolonged delays. 

[bookmark: _Toc24734370]2.2.2 Crop shears
The crop shears run two motors, north and south. They work in opposite cycles to make a clean cut on the strip whilst pulling away to avoid the headend making any contact with the shears. The lifespan of the blades on the shears is around 28000 cuts. Each shear has its own ‘ring’ that has an unpredictable lifespan and only needs changing when the ring breaks. The variables could be grade dependant or temperature dependant or just excess use could lead to a break. Obviously the harder/colder the material, the more pressure on the ring which could lead to it breaking. This will cause for the mill to be cleared and an immediate change of the broken ring. This delay could be short or long depending on availability of shift mechanical engineers or craftsmen. If the blade is not cutting well and needs changing, this delay will take a number of hours, again depending on availability of craftsmen and engineers. This delay is usually taken during any planned maintenance. 

[bookmark: _Toc24734371]3 Conclusion

In conclusion, the input and use of the coilbox far outweighs its downfalls. In straight through mode, the processing time is 2.5x more than in coiling mode. In a 12-hour shift with full use of the coilbox, the hot strip mill can produce anywhere in the range of 5500 – 7500 tonnes, all dependant on the rolling schedule. This compared to rolling without the use of the coilbox is far more superior as the production of steel in straight through mode ranges from 2000 – 4000 tonnes in a 12-hour shift. For temperature control, coiling mode far outweighs straight through mode as during coiling, the coil loses 10C per second. Compare this to straight through modes 25C per second. This is a cash benefit for the company as they save money on heating the slab to a lower temperature. For the company, this shows that investing in a coilbox will significantly increase production. Keeping close tabs on maintenance will also cut delays significantly as a lot of these delays are created from excess use and not enough maintenance causing the kit to function forcefully and inefficiently.
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