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[bookmark: _Toc519845339][bookmark: _Toc33788641]2.0 Executive Summary

Industry 4.0 has been defined as the 4th industrial revolution. Companies are looking for ways to implement Industry 4.0 technologies into their business to aid them in becoming more automated and data driven.
Rolls-Royce are a company with a vast heritage who have held onto many legacy behaviours which have worked well in the past. In order for them to remain competitive as a company and develop innovative products, their ability to change and adapt must be tested.
Collaborative robots are one way in which Rolls-Royce can do this. By integrating current employees and machines with good data analytics, cobots have the ability to give Rolls-Royce the competitive edge.
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Rolls-Royce’s site in Bristol is currently undergoing a massive change. Historically a defence site, Rolls-Royce Bristol have produced innovative gas turbine engines such as Pegasus, the world’s first engine capable of vertical take-off (Harrier Jump Jet) and also the likes of Olympus, a supersonic commercial engine capable of Mach 2 (Concorde) (1). 
In recent years, the Bristol site has welcomed larger civil engines such as the Trent 700 (Airbus A330) and Pearl 700 (Gulfstream G700) due to limited capacity at Rolls-Royce Derby due to the ever-increasing size of passenger jet engines. Along with its current assembly capability of EJ200 (Eurofighter Typhoon), TP400 (Airbus A400M) and Adour (Hawk/Jaguar), it also produces the pioneering ‘LiftSystem’ for the entire F-35B short take-off and vertical landing (STOVL) stealth fighter fleet and is also heavily involved in joint ventures for future projects such as E-Fan X and Tempest (2) (3).
With an ever-expanding workload it is imperative to explore ways to streamline, improve and save money were possible. It is also important to get the site future fit and look at implementing a range of Industry 4.0 technologies. Unlike traditional robots which would have been unsuitable, collaborative robots or cobots can work alongside humans without any guarding is one such step that should be explored.
According to a Boston Consulting Group, 90% of manufacturing tasks cannot be fully or easily automated (4). This is evident at the Defence Aerospace Operations Facility (DAOF) assembly building. At present, there are two robots covering the whole DAOF and these perform minimal tasks such as rotating engine modules.
[bookmark: _Toc33788643] 4.0 Benefits

There are many benefits that Rolls-Royce can take advantage of when it comes to installing cobots;
· Speed of Assembly - The most obvious benefit of installing cobots within the assembly facility is the ability to automate a process which will reduce the time it takes for a process to be completed. Cobots can operate at a higher speed than a human and therefore the total time for assembly would be reduced (4) (5). This would increase the overall capacity for a particular engine or free up resources which could be repurposed elsewhere on site.

· Quality – Rolls-Royce have a reputation within the aerospace industry for delivering a quality product (5). A quality product is paramount for safety and satisfaction and for that reason, most assembly tasks require two passes. If the first pass fails, a third pass is also implemented. A cobot follows a set program which means that it will repeat the process 100% of the time. Although highly trained, operators can and do miss certain procedures during assembly. Cobots will remove this human error from the assembly process altogether and reduce reworks significantly.

· Future proofing and Flexibility – A cobot can also be used to carry out a huge range of different tasks and therefore in future the product changes, the robot can be reprogrammed within hours due to their versatility to handle changes with relatively minimal effort. Due to the ease of programming and size of the cobot itself, the cost of hiring external programmers and installers is completely eliminated for future cobot installations or changes (4) (6).

· Return on Investment – Rolls-Royce is currently looking at ways to save money and as such the thought of installing expensive equipment such as cobots could seem like the opposite approach. Although a full business case would need to be built, the cost of cobots is significantly decreasing and the ROI can be achieved on average in as little as 195 days (7). They can operate without a break, 365 days of the year if need be. They need minimal maintenance and eliminate the training and economic costs of a physical worker.

· Safety – Cobots can free the current workforce of tedious and repetitive tasks. Many tasks involve placing and torqueing bolts onto a certain module of an engine. This can sometimes mean more than 65 bolts, placed and torqued. Repetitive strain injuries are not uncommon and cobots will remove this risk. They can also work along side humans, ‘unfenced’ meaning humans need no physical barrier between them and the robots. If the robot hits a human it will not harm that person and immediately cut out (8). 

· Better Data Integration – Part of the factory fitness goal must be introducing more Industry 4.0 technologies. Improved data management, data mining and analytics and data storage must be addressed. At present the DAOF operates and records data via individual employees whose sole responsibly is to upload data which has been recorded on paper by the assemblers and quality technicians. Eventually, Rolls-Royce need to be working towards a better overall digital enterprise at the heart of which is data. Cobots already have the ability to upload real-time data which can be used to improve different areas of the business such as being integrated into a smart logistics platform which can improve supply chain flow, having a better understanding of product life cycles and improve production flow (9).
[bookmark: _Toc33788644]4.0 Challenges 

There will also be challenges to the introduction of cobots which too will need to be addressed and overcome;
· Defective Parts – Quality is at the heart of Rolls-Royce and that is why each and every part is visually inspected before they even get to the assembly process by quality inspectors, again during and after installation by the assemblers and the subsequent pass off assemblers. Although vision systems can be fitted to cobots, there is a risk that a defective part could be fitted to an engine module. To overcome this reduction in inspection, more quality inspectors or a system to check for defects may be needed which would ultimately ‘feed’ the cobot parts.

· Union and Job Losses – The workers union within Rolls-Royce may offer some resistance to the installation of cobots as they are often seen to replace highly skilled jobs (10). In the case of Rolls-Royce, currently they are on a major recruitment drive and a vastly understaffed. Cobots may give these highly skilled workers the chance to work in other areas of the company, self-progress or remain and work along side the cobot which will ultimately aid them to do their job better and more efficiently.

· Hacking – As the cobots will ultimately be networked so that the data transfer previously talked about can take place, the threat of hacking must be considered as it is increasing around the globe (11). Being a defence facility and also being a Known Consignor of SPX Secure Cargo, Rolls-Royce must have the security in place to make sure that the cobots cannot be altered with by internal or external clients who want to sabotage a piece of equipment. At present each employee is recorded against the work they carry out and therefore some may see the opportunity to carry out an unlawful act and place blame upon a cobot.

· Cost – Bringing the site at Roll-Royce Bristol up to future fitness and incorporating a range of Industry 4.0 Technologies will come at great expense to the company. Currently battling Trent 1000 problems, the company has issued profit warnings and investors may see the installation of cobots as an unnecessary cost (11).

[bookmark: _Toc33788645]5.0 Associated Costs 

There will be many associated costs for implementing the cobots within the DAOF;
· Initial Purchase – The cobots will initially need to be purchased. Depending on how many cobots are specified will ultimately decide on the price per unit but it can be assumed to be between £30-60,000 (13).

· Installation and Integration – Installation for the first cobots will need to be installed by a local robot expert however subsequent cobots may be able to be installed and integrated by Rolls-Royce’s own engineers with support from the suppliers and experts. This will significantly reduce cost and also create the flexibly already mentioned. 

· Training – In order for Rolls-Royce engineers to maintain, program and install the cobots, training will need to be provided. Although it is reported that programming is fast and easy (8), it is important that employees have good, solid knowledge and the confidence to make changes and improvements if required.

· HS&E Documentation and Audits – Various health and safety documentation will need to be produced so that all employees understand any risks associated with the cobots, how their jobs may differ after the installation and what is then required of them. All this is an overhead which needs to be included as an associated cost.





[bookmark: _Toc33788646]7.0 Recommendations and Implementation Strategy

Implementation of the Cobots will follow the strategy outlined below;
· Master Black Belt team to identify where the cobots will provide the greatest performance and efficiency increase. They will do this using a variety of techniques including Theory of Constraints (TOC), Value Stream Mapping (VSM) and other lean tools they feel appropriate (15) (16).

· Create business case for shareholders.

· Work with current process owner to understand how the cobot can be implemented and how it will ultimately be deployed.

· Install cobot(s) with Rolls-Royce engineers involved at every step so they know the process from beginning to end. Train engineers to carry out maintenance and make program changes. Also train assemblers and quality inspectors who will be working with the cobot.

· After trail runs, full commission and sign off, return to Master Black Belt team to ensure performance is as expected. 

· Work with Rolls-Royce IT team to fully integrate the robot to a data transfer system, be it cloud or local so that real-time data is collected for use in other areas of the business such as logistics.

[bookmark: _Toc33788647]8.0 Conclusion

In order for Rolls-Royce to remain a competitive and innovative company, it must take a step towards the future and Industry 4.0 in particular. One small step in moving forward is to try and automate manual assembly processes within the DOAF and install cobots. This will allow man and machine to work side by side to improve quality, safety, throughput, flexibility and data along with many other areas of the company. It will improve the moment of labour around the company and help it become a data driven business. It will have implications, none of which cannot be overcome however and will aid in making the company fit for the future.
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