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[bookmark: _Hlk25303280]Abstract: 
The content of this report is the concept and investigation into the Finishing Mill at a steel industry manufacturer “Tata steel”. The purpose is to delve into the principles of Rolling processes and to evaluate the key materials and sources that make for quality production. The report will be beneficial to the company as sections below would discuss the possibilists of investments and changes that would make performance of the Roll coolant systems more efficient.  The main topic that this report would investigate is the properties of the systems Roll coolant. 

[image: ]Introduction: 
At Port Talbot’s Hot Rolled Products, steel is processed from a slab form which generally weight of 10-34 tonnes into a strip steel coil which ranges between 1.5 -18mm in thickness, these products are dependent on the customers’ requests and can be sold as is or sent for further processing. Within the reduction of material process the slab is sent to the coil box for containment of temperature and to reduce of the production line. After the coil box the front end of the strip is cropped for any loose in temperature to make it suitable for deformation in the Finishing mill, where the strip is reduced further for accurate dimensions and to obtain the correct properties of the customer’s request. Before the commencement of this project it is important to understand the mill stand design.  The make-up of the stand is called a “four-high mill” the concept works with a non-parallel back up rolls which are driven by the work rolls top where deformation of the steel is made. The reasons behind the non-parallel alignment is for a better driving force for the steel to be pushed through the roll gap. The finishing mill is the area of which this report would expand upon, focusing on the section of Roll coolant factors. The aim of this report is to understand the concept of rolling properties, focusing on roll coolant with investigations on published documents that relate to this matter and suggestion to improve on these systems . 

Finishing stands Roll coolant system  : 
Requirements when rolling strip products have engineering principles of the use of Roll coolant to control the temperature of the work rolls that deforms the slab which has an initial entry temperature of 1050 degrees into the finishing mill. There are seven Finishing Mill stands that have four roll cooling headers as shown in Figure 1.0.  The roll coolant headers cools the surfaces of the work rolls, being positioned on both the entry and exit sides of the roll gap for top and bottom rolls.  These headers, fed from the roll coolant system, are carefully positioned to remove as much heat from  the work roll surface as possible to control the thermal expansion of the precisely controlled roll gap.  It is from the best design concepts of tradition mills to have this arrangement of roll Cooling systems as observed by Industrial Automation Services (2008)  “This causes a considerable increase in temperature at the interface, and failure to provide the necessary cooling action can result in large thermal cambers being introduced to the rolls and excessive strip temperatures.”  As there is a need for this cooling system to be in place, this report will investigate the consequence of failing to do so.    Figure 1.0. Roll coolant headers .

[image: ][image: ][image: ]Defects and mechanical issues.  
During the finishing rolling process, there is heat conduction from the strip to the work rolls.  If the work rolls aren’t cooled they will expand  making the roll gap across the width of the roll different which will occur shape defects .  To combat this effect,  there is the system of the work roll cooling headers explain above also there is a roll shop department where work rolls and back up rolls are grinded to the correct camber after it has worn from the rolling process. The rolling process follows a schedule that is made up of grades, lengths and gauges for the best performance of the work rolls, after a campaign of different types of grades a “Roll Chance” is performed where work rolls are replaced. The importance of lubrications and cooling helps to keep a better standard of the  work rolls surface features.  In consideration of the surface condition of the roll, a smooth roll will not affect the strip surface quality whereas defects found in used rolls consequently print into the strip. Under examination of the work rolls after a campaign are affected by the following :Figure 1.2.Roll Stripping .

Figure 1.1. Oxidation.


· Oxidation.               
Steel above 850 degrees reacts with the oxygen in the air to produce “Scale” that is removed by Finishing Scale Breaker that is before the stands, any further Oxidation by the heat of the strip reacts with the work roll in figure 1.1 shown on the right. 
· Roll Stripping. Figure 1.3.Orange Peel


[image: ]Work rolls can only be observed at a roll change and if
there is an inadequacy amount of cooling, then the oxide surface would wear away by the forces during the bar reduction in the standby the forward “tearing” action as the bar enters the bite, and a reverse “friction drag tear” as the bar is exiting the bite. Shown in Figure 1.2.
· Orange peel.
The work rolls are used in rapid accelerating conditions this surface is the wear of one microstructural component of the bar to the work roll, also the work roll is make from high speed steel which has high resistance to softening at high temperatures. Figure 1.3. show the affects of this case. Figure 1.4.Comets.


· Comets.
[image: ]The surface of the work roll have pressure points where like the orange peel affect has this outcome due to the friction between the two difference types of material at high speeds and high temperature see Figure 1.4.   
· Fire Cracking/ crazing.
Mostly seen in the earlier stands where roll undergo cyclical heat and pressure and can be escalated if a cobble has static contact with a stopped roll which can generate a transverse fire crack line like shown in Figure 1.5. Figure 1.5.Fire Cracking .


Literature Review
[bookmark: _Hlk25279282]The supply of water to the roll coolant headers is the largest user in the Hot mill, and because of the high rolling forces, if a mechanical problem was to arise the above defects are likely to appear as an outcome. As mill operators can switch the system on and off, with reduced flow when discharging straight to bypass, there tend to also be large fluctuations in roll coolant flow.  In terms of the roll coolant system presents the most demanding requirement of the Water Treatment Plant as the coolant needs to be at its highest cleanliness so that debris would not be rolled into the strip . 
From all the range of surface defects found in the work rolls the most severe mechanical issue found in the system are work roll spalls that are caused by excessive rolling conditions and the consequence of a cobble can have this affect as the follow piece of text by Yoshihiro Ohkomori (1988,) proves this theory I ) an excessive rolling contact fatigue, which mainly occurs near the barrel edges due to a large contact stress resulting from the local wear of roll barrel, and 2) propagation of surface cracks initiated by the thermal shock due to mill accidents such as squeezing and roll slip, and the cracks remaining after dressing.

It is key for operation to be as efficient as possible, the defects and errors seen in this report are the reasons for frequent roll chances and the importance of inspection of the coolant headers are vital. The connection between rolling debris and roll coolant has to be made as they relate in the fact that if there was failure to provide adequate coolant to the rolls the spalls, fire cracks and stripping would in print onto the product. Evaluations have been taken for other examples of rolling debris such as this journal by Diptak Bhattacharya,(2016)  “Since slag has no deformability, it led to inhomogeneous straining, resulting in the formation of cracks”  . The maintenance of the work rolls concludes in a better surface finish for the customer, so the coolant supple is mandatory for good performances. The Industrial Automation Services (2008, Lecture 24-p. 8)  quotes “As the strip passes through the roughing and finishing stands of a mill, the time that it is in contact with the roll surface reduces from typically 0.5 seconds to a few milliseconds. Hence the dominant effect from roll wear will be from thermal fatigue in the roughing stands and from abrasion in the finishing mill”.  

Improvements and Design. 
The cooling reduces the variation of the roll profile due to non-uniform thermal expansion. The development to utilise the water supple usage is a costly necessity in its current state as the material for the main pipework is mild steel which is prone to rusting, leaks and blockages. As Roll coolant plays a key part to ensuring a high quality product, this report would recommend for engineers in Tata steel to take on a project to replace the main supple pipework for the water coolant. To upgrade to stainless steel would make for a better pressure meter reading and the durability would give it a longer shelf life then compared to mild steel. 

The stripper and wiper blades wear from work roll connection, to ensure there is no contamination of water to the hot strip which will cause a curved profile. The wiper blades have a guide line that are inspected every day to ensure it has not gone past that point.  Replacement of these blades is time consuming and can only be performed when production has stopped and the work rolls are out for replacement. The Task of replacing this item is challenging as bolts maybe rusted which in place is cost affective due to production times. An Improvement to this matter would be a complete redesign of the wiper blade that would have a clamping detachment instead of it being bolted.  The outcome from this would be an increasing in profits as the clamping device can have a rotating spare component that would be ready as soon as production is down.  

Conclusion:

From the content in this report it should be clear of the insights that strip manufacturing has a main use of natural resources such as water. The failure of the coolant systems  providing effective coverage to the work rolls would consequent in the defects shown in the report, therefore the most affective performance of the finishing mill is if there were no leak, blockages or lose of contamination that this report has covered. To follow in this reports improvement suggestion and re-design ideas would prevent the issues that is costing Tata Steel large amounts of profits.  
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