
REDUCTION OF BATCH SIZES WITHIN CELLULOSE EXTRUSION
Design for Industry 4.0 Assignment 2



[bookmark: _Toc104979891]REDUCTION OF BATCH SIZES WITHIN CELLULOSE EXTRUSION
[bookmark: _Toc104979892]Summary
The current process of extruding tubing means that physical samples are difficult to generate and therefore sales are lost because customers cannot visualise their products. Therefore 3D modelling software has been investigated to allow customers to generate in real time their cellulose band. The degree of freedom was then explored, with the implications of allowing complete creative control to the customer explored. These implications can be supported using further 3D modelling and polyjet printing to allow for different prints and sizes. The ability to generate cheap extrusion tooling reduced the amount of material waste produced, whereas the 3D conversion of print designs to stamp moulds allowed print samples to be economically generated for customers. This means that the implementation of design techniques to cellulose tubing production would be greatly financially beneficial.
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[bookmark: _Toc104979893]Introduction
Implementing industry 4.0 into the workplace is the integration of technology into the workplace. This is to allow shorter development periods, individualization, flexibility, increased operator autonomy and increasing resource efficiency (Lasi, et al., 2014). Shorter development periods allow personalised products to be manufactured quicker. This therefore increases individualization, allowing the customer to have greater control over their design. This change in attitude is being felt in all industries as customers expect a personalised experience. However the area of interest is the potential technologies that could be applied to the cellulose tubing extrusion process through the regeneration of cellulose from viscose. By applying industry 4.0 techniques to aspects of the process, individual customisation can be improved, whilst increasing flexibility and without increasing waste. This means that increasing the complexity of the process without generating more waste, therefore limiting the envoirmental impact. This is because the social implications of maintaining a successful environmental message and positive workplace culture should also be considered when implementing industry 4.0 technologies.
Cellulose tubing is a unique material that shrinks through evaporation, allowing a seal to form around an object once the tubing is cut in cut bands. This extrusion process utilises a flow of viscose through unique equipment called a head and mandrel as well as a salt coagulation reaction, before being converted into cellulose. Therefore the formation of cellulose tubing requires specific equipment as well as a variety of controlled parameters. By controlling these influences, the customer can control the colour, print, flat width, cut-length, thickness and perforation of a cellulose shrink band seal. However this report primarily investigates the customisability of the print, flat width and thickness of the tubing. All these processes currently require large amounts of material in the setup of extrusion and printing, which would then be wasted due to imperfections. Therefore industry 4.0 can aid in reducing the initial wastage required, while allowing a customer to design their perfect cellulose band. This is to be done by breaking down the process of developing the tubing, leading to cut bands, to investigate where industry 4.0 design principles can be applied.
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Cellulose tubing is currently designed through liaising with a member of customer services, where customers supply their information and customer services converts that into a product to be manufactured. However this increases costs as well as the time taken per order, where as an online user interface only requires an initial investment (Ba, et al., 2010). Furthermore a digital platform would allow the customer to alter their design until it has been submitted. While this offers customer’s greater flexibility, design software should not be complex, as they could see this as the preparation of the band. However design software that allows aspects of their band to quickly be changed and visualised before being submitted as an order should have a positive impact (Dong, 2015). The impact is created through a sense of accomplishment and yields a far higher order conversion rate (Franke, et al., 2010). 
Increasing customer choice can slow down the design process as well as potentially breach the confidentially of the products intellectual property (Hopkinson, 2006), which can be mitigated through the limitation of choices. Furthermore unlimited choice increases the chance of new equipment being required to produce the new print, colour and tubing size, decreasing the profitability of producing these orders (Johnsen & Hvam, 2018). Therefore a balance is required between allowing customers full flexibility and standardizing selection. Due to the uniqueness of the product, Viscose Closures has a high competitive position when assessing the self-shrinking seal market, as the majority of the revenue comes from mass orders. This means that limitations can be placed on customers designing bands to highlight the cheapest option, with deviations away being factored into the price, as the cost to manufacture a customized cellulose band would be large (Mendelson & Parlakturk, 2008). 
To facilitate all requests, as an order deviates from a standard size, a premium should be attached to the order. The cost increase should reflect the difficulty and uniqueness of the order, therefore allowing anything to be possible if the customer is willing to pay for it. This principle satisfies customers’ needs and therefore increasing the premium that can be placed on an order (Xia & Rajagopalan, 2009), however this depends on the market in which the product is being sold into. As cellulose bands are used in a variety of markets, allowing the customer to alter their order using an online platform will allow them to find the price mark that best suits their needs. This is because standard sizes and colours are continuously in production, whereas unique need to be produced specifically for the order; this creates waste if it if the quantity of bands required is below a threshold. The threshold regarding colour is dependent on the minimum amount of pigment required to bleed the system, as well as the order pigment. Similarly, obscure sizes generate more waste as continuous tubing lanes will need to be broken or altered. Finally the majority of print orders are unique so will incur a premium as well as upfront costs of the print die designs. 
Using industry 4.0 techniques, extrusion wastes can be greatly reduced without increasing lead times, which is highly beneficial in all markets (Xia & Rajagopalan, 2009). Once these wastes have been reduced to be consistent with any implemented order, then mass customizability can be achieved, reducing the premiums that are placed on nonstandard orders (Wiengarten, et al., 2017). The price would also fluctuate dynamically depending on the order quantity, as the fixed start-up waste would become a smaller proportion of the material cost of the order (Young, et al., 2012). The primary method of reducing waste is to create a more efficient head and mandrel at the start of the extrusion process, reducing the amount of excess pigment required as well as ensuring a consistent flow that can easily be varied. Therefore industry 4.0 design modelling can be used to reduce waste and therefore increase the financial viability for customers to have greater flexibility in their choices.
Technologies Required
Customers using an online platform would greatly benefit from using product visualisation to see the changes they are making in real time, therefore reducing the amount of customer support they require. A dynamic pricing structure alongside this would allow the customer to compromise on what product best suits their needs, showing the price decreases as the size of the order increases (Ahmadi & Shavandi, 2015). The software required to implement this is a collaborative design CAD designs software, which requires several layers of data entry. The first layer is the IT infrastructure and server layer, which allows the program to function. The application client layer then allows all the current product changes to be logged, with the user interface allowing cellulose bands to be designed (Zhang, et al., 2004). This will allow a customer to have 3D generated band that can be modified as the customer comes to their final design, with queries being logged as floating annotations (Shen, et al., 2008). Floating annotations allow Viscose Closures to explain limitations as well as documenting customer feedback for product growth. By creating a visual representation, new customers would learn the limitations of a cellulose band, as shrink rates could be attached to the models. This prevents samples being required, which offer concrete detailed information (Zhao, et al., 2014), as a visual representation can show an abstract shrinkage around the container. This also applies to new print designs, as their upfront cost is high before any sample can be produced. Therefore a visual representation shows potential customers what there band will look like, creating a fully rendered 3D model (Guo & Wang, 2021).
Using industry 4.0 techniques such as big data and the internet of things, algorithms can be created to ensure the most efficient production method regarding live orders can be implemented. This is through knowing the product parameters (production load), deviation from standards (order-size max-mean relative size difference) and time constraints (Gupta & Maravelias, 2019). Each order can have these set of values for each variable, allowing similarities to be consigned together. This will result in fewer changes, ensuring minimal waste for smaller orders.  Once the production schedule is known, pump turn-around times can be understood (Qu, et al., 2017), which means that an equipment schedule can be implemented to ensure the most efficient product schedule can be adhered to.
The size of the tubing is controlled by a head and mandrel, with the head containing the viscose chamber and the mandrel being the shape that the viscose is extruded over, as well as locking into the head. This is similar to plastic extrusion (Babaei, et al., 2014), as tubing is extruded in a continuous process, with the main objective being able to produce different sizes without breaking the constant tube. However, every colour change and large size change generates waste, as colour bleeding and a changing size leads to material out of specification. One primary form of waste is from changing mandrels to obtain different sizes, whilst still maintaining the same thickness, as each mandrel can only achieve a limited number of sizes. Inconsistent thicknesses are due to imperfections in the heads and mandrels because of wear and tear, whereas the thickness being out of specification only occurs as the tubing size changes. This means that inconsistent thicknesses cause a greater amount of unpredictable waste that can be mitigated (Gupta & Maravelias, 2019). To ensure inconsistent tubing thickness is minimised, rapid manufacturing, the use of computer aided design automated additive manufacturing process (Hopkinson, 2006), was explored to increase the efficiency of the initial extrusion. This because chemical resistant equipment have been created through fused deposition modelling, which uses an ABS plastic core with a thin layer of galvanized nickel to ensure chemical resistance (Kucherov, et al., 2022).
By allowing the head to be computer generated and synthesised, not only would the cost be greatly reduced but the customer would be able to order any size band they require. This is where rapid prototyping would be beneficial, as due to the chemical resistance requirements, a prototype would have to resemble a head precisely. Rapid prototyping allows the creation of working functional equipment to be created (Hopkinson, 2006), which could be used on the production line. This is proven by advanced rapid tooling using layering techniques with low creation errors, meaning they are more reliable than older tooling (Levy, et al., 2003). For these to be effective, the error in the 3D printing must be minimal, with polyjet sintering being the most accurate method, with an error of 0.18% (Salmi, et al., 2013). This means that the seal between the mandrel and head will be secure and reduce tubing imperfections. Furthermore the speed at which the equipment can be synthesised, conveying the resilience in a supply chain if tooling was to become damaged (Holmstrom, et al., 2010).
The number of mandrels could be reduced through trailing and designing different designs, made possible through the drastic reduction in cost of the extrusion tools. The software, such as fusion 360, used to create 3D tooling models can also be used to replicate fluid stresses within a space, such as the head cavity, and check for gaps within the model (Fusion 360: Simulation, 2021). Whilst these programs will ensure a consistent flow, further modelling software can then ensure the homogeneity of the pigmented viscose solution (Hufnagel, et al., 2018) and the behaviour of the fluid in the head chamber (Teti, et al., 2018). By utilising all these programs simultaneously, greater tubing expansions from each mandrel can be investigated, therefore possibly reducing the amount of mandrels required to make a wider range of tubing sizes. This is because newer extrusion methods, such as hydrostatic tube cyclic expansion extrusion (Savarabadi, et al., 2019), can be tested as more complex shapes can be accurately created and layered through polyjet setting. 
Print design is the final element of customization that would entice customers to place orders. However the production of print dies to give accurate representation requires an upfront cost, which currently needs to be paid before initial samples can be given. This is advised as shrink bands distort the image and sometimes the colour once they have been applied (Babaei, et al., 2015). Therefore by allowing customers to upload a JPEG of their logo and converting it into a 3D model (Ahn, et al., 2020), a stamp can be created with this logo on. As the conversion software has a smaller error than the production print method, it would give a true representation of what the print would look like.  
To ensure the tubing does not deviate from the customer specification, modern sensors can be utilised along with industry 4.0 methods to constantly maintain the quality. The internet of things allows sensors to constantly transmit a reading, therefore allowing pumps to control chemical flows based on automated readings (Prapti, et al., 2021). This allows the speed of processes to increase, as machine verification is faster than human operated processes (Rusli & Luscher, 2017). Therefore by using sensors to track each extrusion line, any issue that cannot be automatically resolved will be highlighted. Furthermore better customer validation of the initial design will increase operator confidence in what they are doing, as there will be samples supporting all of the customers design.
[bookmark: _Toc104979896]Social Implementation
Cellulose tubing extrusion is a chemical intensive process, with multiple different effluent streams: water effluent containing sulphur, semi-processed tubing and contaminated air. The environmental impact of these waste streams needs to be considered when comparing it to traditional plastic shrink bands (Garcia & Caballero, 2012). The air effluent is removed in a scrubber process and therefore be included as waste water; due to this being permitted, the waste water does not cause any pollution or contamination. Furthermore the cellulose waste contributes towards the circular economy, as it biodegrades to feed the wood sources that are used to produce viscose (Wang, et al., 2013). This is a key reason bioplastics have become popular with the public, as the final cellulose based product has little envoirmental impact and no plastic pollution (Nguyen, et al., 2022).
The positive envoirmental message that a biodegradable cellulose band promotes generates consumer interest in the product, which is why increased flexibility is critical in converting consumers from traditional methods. Therefore the increased flexibility in allowing a customer to design their own band and then generate samples of the design will allow more people to start to implement cellulose bands (Franke, et al., 2010). Whilst this will create more complex and wasteful production runs, a larger consumer base will allow the product to diversify into different markets and take up a greater market share. Therefore even though larger orders are cheaper per meter to produce, industry 4.0 technology can be applied to reduce the amount of waste produced. This is because larger orders require the same number of waste creating opportunities over a longer time period. This means as the volume of orders increases, more similar trend sizes and colours will be generated, resulting in scheduling software being able to mitigate waste. This means that waste per meter (or unit volume) will reduce as volume increases due to the economies of scale (Skovsgaard & Jacobsen, 2017).
Market conditions are increasingly changing at a rapid pace (Wiengarten, et al., 2017), which means a product must be versatile enough to adapt to different market conditions. Cellulose bands are currently used in many market sectors as self-shrinking seals, with size, colour and print being the primary tubing variables. Through the ability to use chemical resistant rapid tooling (Kucherov, et al., 2022), the extrusion tools can be designed to adjust to consumer demand, therefore allowing extrusion to be based on the most common sizes at the moment. Furthermore utilising 3D modelling allows customers to constantly update their designs, therefore allowing mass customization (Wiengarten, et al., 2017), as there are no variables that a consumer cannot control within a cellulose band.
[bookmark: _Toc104979897]Conclusion
[bookmark: _GoBack]To conclude cellulose bands benefit implementing 3D modelling software in 2 major ways. These are allowing the customer to trial their design without incurring costs and allowing new extrusion tooling to be generated. Using 3D modelling with a pricing model also allows customers to assess what value they place on cellulose bands, as more complex orders become more expensive. This is while the tooling required to create the tubing becomes cheaper due to the ability to generate layers on a 3D printed model. Therefore industry 4.0 techniques benefit cellulose band design in both generating more sales through consumer interaction and reducing the tooling costs in production.
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