








Abstract: 
This document looks at the feasibility of machine tending a Commemorative coin press at The Royal Mint with a collaborative robot to address an existing issue with absenteeism and high employment turnover via agency employment.  
It also highlights the steps and quality challenges required for implementation, as well as the benefits from increased throughput due to extended activity outside existing shift times and a future re-deployable Cobot workforce.

Introduction

Commemorative Coin production capacity at The Royal Mint is limited to a skilled workforce’s training, capability, and availability.  The presses that produce the high-quality finish needed for a proof standard coin are single manned and labour intensive which makes the process subject to unpredictable output from operator leave, sickness and staff turnover.  The latter two becoming more prevalent with use of an agency workforce in a post COVID and mental health aware society.
By introduction of a Cobot to tender the press in place of a human operator the throughput would be less affected by leave, sickness, and turnover.  Once the cobot has initially been integrated, redeployment and expansion of a cobot workforce would be straightforward.
Increased output is also possible due to the ability to work 24/7 operating the press, which would normally be idle over a nightshift and weekend.




Aims & Objectives: 
To enable this shift from human operator to cobot operator the following objectives need to be achieved:
Safety: The cobot must allow interaction with humans who will be working in a nearby vicinity
Capability: The cobot must be capable of recreating all the value adding activities of the human operator.
Output: Throughput speed could be compromised but still may be viable if the ability to run ‘lights out’ is possible leading to an increased overall daily output.
Effect on Quality: A measurement of how many defects is produced is vital to ensure scrap levels do not increase.
Support Skill Level: Local skill level of operators and engineers to diagnose, locate and replace affected parts needs to be considered and within the realm of their capability.
Cost: The proposal needs to provide a ROI (return on investment) that is not only achievable within the lifecycle of the cobot but also palatable to the cashflow and capex appetite of the business.
i. 

Implementation Methodology 
To implement the Cobot press tendering application a detailed examination of the existing process and operator functions is necessary to ensure all aspects are covered by the proposed solution.  
An overview of the existing process and high-level implementation steps are below.

[image: ]The existing process
Press tending is labour intensive with an operator required to sit at a worktable (see Figure 1: Press Work Area), manually load coin ‘blanks’ to the press and operate a two-handed start to initiate the squeeze press to strike the coin.  On completion the operator removes and inspects the coin with an eyeglass to ensure it meets standard and accepts or rejects the coin.[bookmark: _Ref109655120]Figure 1: Press Work Area

The operator produces coin at a rate of 100 per hour but the press only runs 2 shifts 5 days a week.  The weekly output for one press is in the region of 8000 coin.


Implementation Steps

1. Write a Brief and Scope for the project
2. Identify and map out the Work activity for the existing human operator
3. Measure Maximum physical variables for the application i.e., Max reach distances, max payload, max level of accuracy, etc.
4. Write a Spec for the Robot needed based on these variables
5. Estimate overall Project Cost and obtain Budget approval
6. Engage with Cobot Suppliers and Integrators to obtain quotes and agree final solution
7. Place order and agree implementation timeframe
8. Engage with planning department to ensure machine is planned down to facilitate installation
9. Installation, commissioning and Handover to Production


Background Research 
As well as the specified maximums such as reach, accuracy, speed, load, and weight parameters meeting the application need, considerations for Safety, Capability, Throughput, Effect on Quality, Support Skill Level and Cost must for part of the business case.

Safety
The working area of the striking press is regularly attended by human workers so is unsuitable for a fixed guard robot. 
To work alongside the existing human workforce a high safety level would need to be demonstrable to ensure no harm or injury would result. A cobot can provide this needed Safety level when it complies with Industry standards ISO/TS 15066:2016 Robots and robotic devices — Collaborative robots and ISO 10218 Parts 1&2 Robots and robotic devices — Safety requirements for industrial robots (Lazarte, 2016)

Capability
The human element that would be substituted by the cobot would not only need to transport the blank and coin to and from the press but would also need to inspect the coin to ensure quality control and then decide on a course of action if a pass or fail results. This inspection process could be the hardest element to replace since a level of ‘intellect’ is needed to decide if a coin does not meet standard.

Output
The cobot may be slower than the human due to the speed restrictions necessary for collaborative working (Vozel, 2017), but since the cobot can run for many hours longer than a human a larger output over a 24hr period would be achievable. 
To illustrate this the table below compares the Human operator with the Cobot operator.  To achieve a similar output of 8,000 units per week the Cobot can run at less than half speed of the human due to the increased available run hours.  This seems more than achievable.
Table 1
	Operator
	Target Speed per hour
	Available work hours per week
	Expected Output per week
	Average Seconds per coin

	Human
	100
	80
	8000
	36

	Cobot
	48
	168
	8000
	75




Effect on Quality
Quality Control on defects produced is critical to ensure scrap rates are kept to a minimum. Many Cobots have vision systems as part of their functionality but teaching the cobot the many defects that can occur on a commemorative coin may be much too onerous to program. 
A better solution may be a Deep Learning AI vision system linked to a High-Res camera, the difficulty is in identifying what is part of the intended pattern struck into the coin and what is an abnormal defect.  A similar problem identifying surface defects in apples has been shown to be effective using deep-learning architecture based on Convolutional Neural Networks (CNN).  (Fan, et al., 2020) shows that this approach was used to find defective apples whilst ignoring expected surface anomalies such as an apple core.  By applying this concept to coin the intended struck image can also be ignored as is the case with the apple cores, but unintended surface defects would be detected.   

Support Skill Level
Operators and managers would need SME (Subject Matter Expert) specific training around managing and working with a cobot as part of the workforce in the area, this knowledge is essential to allow the managers to understand the limitations of the cobot and for the workforce working alongside to correct any lineside errors that could occur.
A local engineering team ensures the smooth running and minimise equipment breakdown.  Adding a high-tech cobot to the assets covered by this existing team would lead to a need for increased knowledge around Cobots. (Andersson, et al., 2021)

Cost
A reasonable ROI is needed to ensure that the capital tied up and the overall cost saving for the equipment lifecycle is significant enough to warrant the time and effort to implement. 
The obvious cost saving from reduced headcount amounts to £60k annually with pension and NI factored. ROI for direct costs would need to be achieved within 3 years at The Royal Mint, so £180k budget would be estimated to include machine integration and SME training.  
The lifespan of a cobot is typically 35,000 hrs.
 This application would reach that in 8 years. 
A direct cost saving of £60k x 8years = £480k minus the £180k investment gives a cobot lifetime saving of approx. £300k per cobot.


Conclusion:
The initial outlay for cobot, integration and SME training would be justified by providing a likely higher throughput than the existing human operators due to the ability to run for more hours than the human counterpart.  
As local SME experience grew which negated the need for machine integrators, then cobots could be re-deployable to other machine tendering applications at relatively low-cost minimizing downtime from absence and turnover.
A Cobot capable of tending a press would provide a more predictable yield that is not affected by human factors and the loss of skills.  Absenteeism and turnover requires a substitution of an experienced person by an inexperienced one. (Cohen & Shoval, 2020)  


Recommendations: 
An initial purchase of a cobot seems justifiable and would help alleviate any current issues of absenteeism which has become quite prevalent following the COVID pandemic.  However, the workforce that remains would require a higher skill level with SME training to facilitate cobot re-deployment as the appetite to employ cobots in further applications becomes greater.  
The recommendation would be to take steps to integrate an initial cobot for this application to win confidence in humans working alongside cobots without the traditional guarding.  This will help change the culture at The Royal Mint to embrace a cobot/human workplace.
As confidence in cobot integration builds the option to consider further integration of a cobot workforce instead of a human one also builds.  Future Capex projects could be designed to enable seamless integration of a deployable cobot workforce.
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