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In the fast-paced manufacturing environment the development and implementation of new technologies can revolutionise the manufacturing process. In recent years additive manufacturing has proven to be one such example of this and had been heralded as “the future off the manufacturing industry” (Hennessey, 2017). No longer considered to be only suitable for prototyping and scaled models, it can have wider and other practical applications in the manufacturing environment, thus allowing companies to eliminate wastes accrued during the production process and reap substantial benefits such as cutting expenditure and optimising output. As such it is important to explore areas in which this technology can be implemented in Tata Steels production process. Through examining and analysing the current process one component has been identified that could potentially benefit from the new technology is the production of wringer rolls. This essay will look to examine the functional requirements of the Wringer rolls that are used in Tata Steel’s Port Talbot Cold Rolled Products Pickle line area. Discussing the current material used as well as the current manufacturing process used. This essay will then look to explore alternative additive manufacturing processes examining several technologies determining which would be the most applicable to the roll production, while discussing the different materials that are can potentially be used in the manufacturing process; critiquing the different potential methods and discussing some of the benefits that could potentially be gained through the new production method. However, before these areas can be discussed it is important to first understand the use and function of Wringer rolls in the Pickle line. 

At Port Talbot Cold Rolled Products Pickle Line the primary purpose is to remove scale from the hot rolled steel. This is achieved through a continuous production line passing the strip through four acid tanks, using a turbulent pickling method to “remove impurities, rust, and scale from the surface of a material” (National Material Company - Steel Processing Facilities,) using cascading strengths of Hydrochloric acid in each tank. Although the exact PH of each tank is not tracked individually, they all have varying degrees of acidic strength, tank one having the highest concentration of acid, while tank four has the most diluted solution; meaning the concentration is slowly reduced through the pickling process. It is of vital importance to maintain each tanks different PH level in order to avoid over pickling and ensure the correct metallurgical properties of the steel strip. In order to regulate this and ensure no “carry over” of the pickle liquor between the tanks there are two pairs of wringer rolls placed between each tank. The strip passes through each pair, which are under mechanical pressure, in order to create seal, allowing the strip to pass but ensuring acid cross contamination between the tanks is as minimal as possible. 
As such there are two key functional requirements for the wringer rolls, firstly they must be durable with long lifespans while also being corrosion resistant, these requirements stem from the constant contact with the unfinished, as well as the acidic conditions they operate in. As a Consequence of  these requirements the wringer rolls in use in the Pickle line are currently manufactured using Polyurethane by an outside contractor UIP, through communicating with Colin Davies the technical manager for UIP and examining the companies website there appears to be several reasons why Polyurethane is used for the manufacturing process which align with the functional requirements of the rolls, Polyurethane is both  “Exceptionally wear resistance” (Uipltd.com, 2001) and have “Excellent acid resistance”(C Davies 2020, personal communication, 27 January). Coupled with these factors the Polyurethane rolls UIP produce have “Covered end faces and journals provide continuity of covering allowing no acid ingress” (Uipltd.com, 2001), this helps ensure the long lifespan for the rolls and maintaining structural integrity, which again prevent premature roll changes. Currently each Wringer Roll is replaced on a cycle basis, being replaced at a set 
time or when damage such as gouging or wear is detected on the surface of the roll. In the process of replacing rolls, they must be “built”, this involves operators attaching bearing and mechanical housing on each end of the roll which can take approximately one to two hours for each pair of rolls while which also includes removing these components from the used rolls before they are returned to UIP for processing. 
The first step in the manufacturing process of the wringer roll is to prepare the steel barrel the rolls are mounted on. The barrel is shot blasted, which not only cleans the barrel while   also multiplying the surface area of the barrel by approximately 10%, this process ensures better bonding between the barrel and polyurethane. The barrel is then painted with a bonding agent which also facilitates the good bond between the barrel and the polyurethane. In order to create the polyurethane, isocyanate and alcohol and heated to 60 degrees and mixed together to create an epoxy resin. As the resin has a relatively short gel time, which is approximately 3 to 5 minutes the epoxy needs to be applied to the steel barrel quickly as such a Ribbon-Flow manufacturing process has been implemented. To achieve this the steel barrel is attached to a metal spinner while “A ribbon of liquid is applied to a rotating roller and moved across the cylindrical surface” (UW-ELAST AB, n.d.).  Once the roll has been fully formed it is oven cured and left to set for approximately three to five days. Once set and hardened the wringer roll is then lathed to size and placed in a cylindrical grinder, in order to give the roll its finished quality, it then can be delivered to site. Another important thing to note is the rolls received In Port Talbot are often repurposed rolls, these rolls must be stripped to the barrel,  again using the cylindrical grinder, at this point the manufacturing process then restarts, by shot blasting the barrel. 

Regarding potential alternative advanced manufacturing processes that could be adapted to produce wringer rolls several technologies have been researched however due to the above specified functional requirements of the rolls many are not suitable. Binder jetting for example can create parts to the required scale however builds lack the mechanical properties that would be required for the rolls, due to their porosity. Second to this, the materials that can be used in the binder jetting manufacturing process are limited to metals and ceramics render it incompatible for the Wringer requirements. Another process which could be deemed unsuitable is Vat Polymerization, this process turns “exposing liquid polymers to ultraviolet (UV) light to turn liquid into solids” (WhiteClouds) this process is capable of manufacturing parts rapidly and with a high degree of accuracy, and a potential benefit of adopting this method of additive manufacturing could eliminate the need for stripping back worn rolls entirely when wear or damage has occurred, instead another layer of resin could be applied and treated, saving both time and resources. However, “photopolymers in general do not have robust structural characteristics” (Siemens Digital Industries Software,), couple this with the fact that the resin is “still affected by UV light after print” which renders it ultimately unsuitable for the manufacturing of wringer rolls. 
Arguably the most appropriate additive manufacturing processes that has the greatest potential to improve the current manufacturing production process of the Wringer rolls would be Fused Deposition Modelling (FDM). FDM utilises computer aided design to map the build then materials such as thermoplastic are heated and “extruded through a specially designed head onto a platform to create a two-dimensional cross-section of the model” (Dudek, 2013). As the melted material cools and fuses the build platform descends allowing for another layer of material to be extruded from the nozzle building the full piece. Parts produced through Fused Deposition [endnoteRef:1]Modelling “are strong, durable, heat and chemical resistant” (Prajapati, Nandwana and Aggarwal, n.d.), so this has the potentially to be a viable replacement manufacturing method. The only potential drawback apparent to Fused Deposition Modelling is due to the layered nature of the manufacturing process  the finished product has  “curved surfaces (that) have visible steps in the finish” (Garrett, n.d.) although this is a potential issue it does not change the manufacturing process that is current in place, as previously stated rolls are currently lathed and placed in a cylindrical grinder to achieve the finished quality, this would also be a requirement using FDM and while this is happening the scaffolding used in the construction of the build can also be removed.  [1: ] 

The next aspect to consider is the material that would be best suited for the manufacturing of wringer rolls in the additive manufacturing process, as previously stated the material needs to be robust and chemical resistant in order to operate to functional requirements. Firstly, it is important to note that ceramics or metals such as Titanium often have ideal properties including being “high strength, low weight, and exceptional corrosion resistance” (Bell, 2019), are non-starters as there is a real possibility of damage to the strip including corrosion and scratches on due to the direct metal on metal contact.  One potential material that could be used which will have comparable properties to current material is a Thermoplastic Polyurethane while also offering the ability to be transparent which would provide easier visual detection of damage and wear on the rolls while in operation in the manufacturing line. One example of this material is ULTEM Resin 9085 which has “high strength-to-weight ratio, excellent heat resistance and high impact strength” (Stratasys, 2020) as well has having excellent chemical resistance. A final benefit associated with the implementation of a thermoplastic is the fact the material is “100% recyclable. In ideal situations, thermoplastics can be repeatedly melted and remoulded” (Recycledplastic.com, n.d.)  which would allow us to reuse the material again, thus further reducing waste. There is a finite number of times the process can be repeated due to degrading molecule structure however when compared to the current manufacturing process where rolls are ground back completely this amounts to a substantial reduction of waste in the process.
As a suitable Additive manufacturing process has now been established as well as a viable material for its production it is important to discuss the potential benefits that are associated with Additive Manufacturing and specifically Fused Deposition Modelling. The first thing to consider is the possibility of bringing the manufacturing process in house. As previously stated currently the roll manufacture is subcontracted to an outside company UIP, all refurbishments and replacements are sourced through them. If we were to install a Fused Deposition Modelling system into the Port Talbot plant, we could in theory manufacture our own rolls, as the model would be designed in a CAD file the process can repeated easily and to exact specifications. By implementing this technology in house, we can reduce lead time between recognising shortages while also running a leaner organisation through stocking and storage of items. Also, by having an additive manufacturing process in house it can be used and implemented to produce multiple different components, further saving resources for the company. Secondly FDM, is widely considered to be the fasted additive manufacturing process and as such builds can potentially be build, finished and fit for purpose in a matter of days instead of the current operation where it can take between three to four weeks for the complete build and delivery. It is also considered the most “cost-effective way of producing custom thermoplastic parts” (3D Hubs, n.d.) therefore if the material suggested above were to be implemented from an economic standpoint makes the most sense. This technology could be utilised in the manufacturing process building the previously discussed bearing housing, which would also improve speed of work and minimize the wringer build time, resulting in less downtime for maintenance. 
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