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Abstract 
This document is a quick look into considering the two areas of digital twinning to help evaluate how this could have a positive impact on the development and manufacturing of a product for Grafmarine: The introduction of a digital twin will facilitate quicker design upgrades and adoption for future product development. The forward implementation of technology into the manufacture process will also assist in understanding and improving overall efficiency of manufacturing and highlight potential challenges within the process. [1]

Introduction  
The opportunity for the development and manufacture of a new product is well-documented. [2] However, we are entering into a post-pandemic period where the advancement of bespoke digital manufacturing has developed significantly. Grafmarine must create a world-wide environmentally acceptable and leading technology energy product, which is both complex and diverse. The choices around sustainability and durability in materials and bespoke diversity of customer requirement within regional manufacturer bases is challenging to understand for a worldwide but locally influenced product. By creating a digital twin, in both scenarios, the opportunity to explore this diversification and approach to manufacturing are pivotal in the process to achieve rapid new adoptions towards volume manufacturing. [3] The ability to change, adopt and fully integrate new technologies as they become available are paramount to long term survival of any technology manufacturing business. The approaching legislation towards more sustainable technologies through reduced energy use, [4] contrasts greatly with cutting edge energy technology industry where the process of creating durable materials on most occasions will involve high energy processes to achieve high end quality base materials. This integration of the new and sustainable will be the greatest challenge any manufacturer will face in the next 5-10 years. [5]


Aims & Objectives:  
The aims of this document are to determine if the use of a digital twin is both beneficial and relevant to the manufacturing process and aid finalising sustainable materials’ choices. As most manufacturing processes exist today, manufacturing can be optimised using expert specialised knowledge and experience-based engineering reporting, however, this can be disruptive and add significant. Adding in resource management time to effect product life cycle development, testing to update and include additional ‘learned’ changes throughout this process make it time-consuming. The need for an agile manufacturing approach would provide a more adaptable and transferable solution for replication in other regions of the world, where manufacturing will need to meet the same standards.

Implementation Methodology:  
The creation of digital twin will allow quick design disruption, consideration and integration of new technologies and designs. The start of this process needs to be placed at the beginning of the design process. The initial design stage of the product will need to identify opportunity for potential and varied scale improvement. The primary consideration for any new modifications will also need to include the evolution of a manufacturing stage, in both process and cost impact for any new parts or processes introduced. In addition, there will need to be involvement through this whole-of-life of the product, the future effects of energy used, interruption of existing supply chain, manufacturing and end-of-life processes, such as recycling or repurposing.  

Background Research:  
So far, Grafmarine have produced a series of prototypes under testing that use established materials and components choice that function well and validate product performance. However, we are working with several academics around the inclusion of new materials and their life cycle use, however, using academics like the Henry Royce Institute can be time-consuming. One of Grafmarine’s challenges is understanding new and novel material integration. With a digital twin, using new materials to optimise the product with the consideration of end-of-life in the product as the starting point for a full circular economy consideration, including zero waste and second life use can be accelerated. The integration of new materials of a set of new technology components would allow rapid digital twin inclusion towards an improved product. This will help unlock high durability required for the marine environment that poses its unique challenges with high UV and saltwater damage. The impact on the life of composite materials failure, that can be seen in redundant wind turbine blades now looking  to be recycled rather than land-filled. 
Traditional engineering evaluation has been around introducing one new process or one new material phased in at one time, digital twinning allows the introduction of multiple new parts and can see where the compatibility of new parts will be successful and rapidly identify where there may be weaknesses. [6] It also allows the product parts to be considered beyond individual working units, such as where there may be multiple units tested together which would need a high cost to physically prototype and robustly test. [7]
Grafmarine’s aim is to bring together a series of build ‘clusters’ through the manufacturing process to minimise energy use [8] and create a new (or unknown to Grafmarine) approach against the traditional way of manufacturing using a series of linear gateway processes. The product will not be manufactured in separate parts to be assemble in one place, or, built along a recognised production line. The level of product quality control required to achieve our expected output will operate at nanoscale and require a new kind of approach to manufacture, somewhat changing the established order of doing things as they are used now. The driver for this will be energy efficiency management both from an operational perspective and through a guaranteed performance of materials with every part of the product under manufacture being optimised simultaneously as it is being produced and integrated.   
Wider agile engineering for manufacture has been seen by the demonstration of software such as Siemens SimCenter. [9]  This software now includes the optional add-on of a series of experienced engineers based in a network worldwide, effectively becoming partners to any internal engineering resource. The software can also quickly evaluate manufacturing costs, with the facility to swop and introduce new materials and see how that impacts on key areas across the product, such as environmental degradation. For Grafmarine, this agile working allows seamless integration into marine sector assets as this market carries several compatible users of this software for established ship designers and other large marine asset operators. This digital compatibility will facilitate deeper integration, design understanding and de-risking for the adoption of our products, with inclusion into a wider network of marine assets within our market place. 
Digital twins will also allow improved understanding of the manufacturing process such as for example, where workers are involved. The replacement of humans with machinery may be the reactionary assumption, however, analysis of a workflow may indicate that it may be for example, a simple improvement such as loading or unloading that would greatly improve manufacturing speed rather than the full introduction of automated plant machinery. [10] The human-centric workflow may not be the least productive but only mis-aligned like an under-utilised piece of machinery. 
The overriding benefit for a digital twin would also enable complete sight of the production process, where a simple change can have profound consequences at a different part of the process, good or bad. Looking into the fully automated processes may not actually improve output beyond a skilled workforce. This has been proven in the automotive industry where a major car manufacturer decided to introduce co-bots, however, the process was under-funded which degraded the efficiency of the technology. By not using enough sensors it resulted in higher waste costs and slower production. Also, the number of post sales faults due to fixing failures increased in the production line, where human inspection was reduced and automation had not been set up well. 
Another area of consideration is bespoke products. High volume production is difficult to stop and change, most manufacturers run a schedule, producing uninterrupted runs of materials or products for one product then, reset for another run of alternative products. The balance of supply and demand must be accessed with change-over times which are expensive and lose productivity. Development of bespoke requirements should be considered at every manufacturing opportunity with a view to avoid plant disruption. One of the options Grafmarine must consider is digital security for its mass-produced product that are crucial to the full system working properly. The current materials allow security tagging to be added to a product that is undetectable through emerging x-ray technologies that allow for reverse engineering and copying of most technology, however, introduction of third party components can compromise a whole system, causing physical damage as well as brand damage.  

Conclusion:  
The need to adopt new technologies is paramount in keeping competitive within a world market. Each business has is priorities in keeping its product up-to-date to be successful in its marketplace. Grafmarine are a new business and have the opportunity to take advantage of these emerging technologies around Industry 4.0 and should take this advantage into their early business plan as soon as possible. Setting up the right systems will enable agile and efficient R&D and improve production into the future.

Recommendations: 
Both digital twin processes are valid in the further development of Grafmarine, to provide a more economical and more agile approaches to rapid product development for worldwide scaling. With a diverse market, rapid product digital twin evaluation and updating for design and manufacturing, will be essential.

References:  

	[1] 
	R. Y.Zhong, “Intelligent Manufacturing in the Context of Industry 4.0: A Review,” Engineering, October 2017. 

	[2] 
	F. Tiedemann, "Structuring a new product development process portfolio using decoupling thinking," 09 March 2018. 

	[3] 
	B. He, "Digital twin-based sustainable intelligent manufacturing: a review," Nature, 04 May 2021. 

	[4] 
	ArvindChel, "Renewable energy technologies for sustainable development of energy efficient building," Alexandria Engineering Journal, 06 2018. 

	[5] 
	P. Söderholm, "The green economy transition: the challenges of technological change for sustainability," Sustainable Earth , vol. 3, 22 June 2020. 

	[6] 
	BenWang, "The Future of Manufacturing: A New Perspective," Engineering, vol. 4, no. 5, pp. 722-728, 2018. 

	[7] 
	T. Ltd, "What is digital twin technology and how does it work?," TWI, 2022. [online]. Available: https://www.twi-global.com/technical-knowledge/faqs/what-is-digital-twin.

	[8] 
	SteveSorrell, "Reducing energy demand: A review of issues, challenges and approaches," Renewable and Sustainable Energy Reviews, vol. 47, no. https://doi.org/10.1016/j.rser.2015.03.002, 2015. 

	[9] 
	Siemens, "Simcenter," Siemens, 2022. [Online]. Available: https://www.plm.automation.siemens.com/global/en/products/simcenter/.

	[10] 
	T. Salem, "Options for and Challenges of Employing Digital Twins in Construction Management," MDPI, 2022. 




image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




