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[bookmark: _Toc198484167]Abstract 

This dissertation examines the relocation of the Agility Coordinate Measuring Machine (CMM) production line from Renishaw's Old Town facility to a new production hall at Miskin. The primary objective of this project was to facilitate a smooth and efficient transfer of operations while minimising disruption to ongoing production and customer deliveries. The research focuses on the implementation of a phased transfer strategy, which allowed production to continue at both sites during the transition, reducing risks associated with downtime.
Redesigning the production layout to improve efficiency and adding a granite section to isolate the curing process from the main build bays were two important enhancements. The rate of production and operating efficiency were greatly increased by this modification, which cut the amount of time machines spend in the build bay from 25 days to 20. In order to accommodate future increases in production capacity from 100 units per year to a predicted 250 units by 2028, the new plant in Miskin was planned with scalability in mind.
The project effectively maintained production continuity and fulfilled client delivery deadlines in spite of obstacles such as handling dual-site production and a few starting problems at Miskin. Efficiency and organisation in the production environment were further improved by the use of six sigma techniques. Future plans also call for integrating Collaborative Mobile Robotic Systems (CMRs) to enhance workflow and safety even further.
Overall, the project laid a strong foundation for the complete transfer of production to Miskin, achieving its objectives of improving operational efficiency, reducing downtime, and preparing the facility for future growth. The successful execution of the first two phases of the transfer positions Renishaw for a seamless final transition and continued success in the production of CMMs.
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Report Structure
The report is structured as follows:
1. Chapter 1: Introduction
This chapter introduces Renishaw, the Agility CMM production line, and the objectives of the relocation project. It provides an overview of the company's need for the move, including space constraints and the anticipated growth in production.
2. Chapter 2: Literature Review
The literature review explores production line transfer theories, Six Sigma methodologies, and best practices in manufacturing relocation. It highlights challenges, risks, and successful strategies from industry case studies that inform the project.
3. Chapter 3: Current Production and Planning
This chapter outlines the existing production process at Old Town and the planning stages for the Miskin relocation. It includes details on equipment transfer, timeline development, and the steps taken to prepare for the move.
4. Chapter 4: Proposal for New Line
This chapter presents the new layout and production design for Miskin, incorporating Lean manufacturing principles and Six Sigma techniques. It also discusses the rationale for changes such as the separate granite area and the adoption of a build bay approach.
5. Chapter 5: Evaluation of New Production Line
An evaluation of the new production line is presented, analysing its effectiveness in improving operational efficiency, reducing downtime, and accommodating future growth.
6. Chapter 6: Project Reflection and Challenges
A reflective look at the project's successes and challenges, including lessons learned from the phased transfer process, resource management, and managing risks.
7. Chapter 7: Conclusions and Future Plans
The final chapter summarises the project's outcomes and discusses the next steps, including continued improvements and long-term strategies for scaling up production.
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[bookmark: _Toc198484173]Renishaw
Renishaw is a world leader in engineering and manufacturing technology, known for its cutting-edge approaches to healthcare and precise measurement. The firm, which was founded in 1973 and has its headquarters in the UK, specialises in additive manufacturing, healthcare technologies, and advanced metrology. Renishaw’s latest product is the coordinate measuring machines (CMMs), which offers state-of-the-art software and probing technologies that improve production measurement efficiency and accuracy. These technologies are essential for maintaining accuracy and quality in a variety of sectors, such as the production of medical devices, automobiles, and aircrafts. Renishaw employ more than 5,000 people worldwide and have 67 offices across 36 countries. In the UK, they employ more than 3,000 individuals (Renishaw plc, 2020).
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[bookmark: _Toc198484175]Role in Renishaw 
The Author recently completed a four-year Engineering Apprenticeship at Renishaw Miskin and currently employed by Renishaw as a Production Technician working on the Agility line. Agility specialises in producing Co-ordinate measuring machines with day to day working life consists of assembling these machines and working alongside engineers to solve any reactive issues. 

[image: ]Role in Project [bookmark: _Ref197690150][bookmark: _Toc198483881]Figure 1 - Daily Commute from Miskin to Old Town

There is a requirement for a team from Miskin to commute daily up to Renishaw Old Town to learn how to construct the CMMs and to get familiar with the product. Figure 1 illustrates the everyday trip to Old Town. 




The main responsibility for this project is to move the Agility production line down to Miskin without disturbing production as much as possible. The role consists of developing a new Agility floorplan for hall 3 to improve workflow efficiency. In addition to this, creating a phased transfer plan to help minimize production downtime was carried out. Other key involvements included creating a step-by-step plan that outlined different stages of the move and timelines. 

[bookmark: _Toc198484177]CMM
The CMM from Renishaw are designed for the automotive, aerospace, and other industries that need to measure their manufacturing processes. They offer incredibly competitive rates of data gathering and inspection while keeping system accuracy high. Even the largest CMM is outlined at less than 2 microns, and the greatest precise machine has sub-micron accuracy (Renishaw plc, 2024).

CMM Diagram can be seen in Figure 2.

[image: A machine with text and arrows
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Key characteristics of this CMM may consist of:


[image: AGILITY CMM linear motor stator]Friction Free Motors [bookmark: _Ref189135397][bookmark: _Toc198483883]Figure 3 - Motors on CMM

Direct coupling of these motors to the machine's moving parts allows the motors to provide motion while using little power due of the moving parts' ideal stiffness to weight ratio. Reliability problems brought on by traditional drive mechanisms are eliminated by these linear motors. An example of a friction free motor can be seen in Figure 3.


[image: Close-up of a machine

Description automatically generated]Air Bearings [bookmark: _Ref189141062][bookmark: _Toc198483884]Figure 4 - Air Bearings

In order to ensure that the main moving parts never come into touch, each axis of a Renishaw CMM is equipped with air bearings for optimal performance which is pictured on the right Figure 4. Since the machines moving elements are essentially floating and have no touching parts, this design improves reliability and increases component life (Renishaw, 2024).




[image: AGILITY CMM encoder scales] [bookmark: _Ref189141074][bookmark: _Toc198483885]Figure 5 - Encoder

VionicTM Encoder 
To provide precise positioning throughout each machine, Renishaw VIONiCTM Readheads and ZeroMetTM steel scale are used on all axes with temperature sensors.  
Renishaw Encoder can be spotted in Figure 5.




[image: REVO RSP2 measuring aerospace IBR]REVO System[bookmark: _Ref189141088][bookmark: _Toc198483886]Figure 6 - Revo System

Renishaw uses a 5-axis measuring technology through a Revo head where a Renishaw stylus probe will be attached to the head to take measurements. It takes measurements by measuring how much the probe is deflecting through lasers. An image of the Revo system can be seen in Figure 6. 










There are currently nineteen different variants of the machines which come in a range of sizes and styles. There are two main styles of machines:

· Laboratory Machines
For use in controlled-temperature metrology room settings. A single outrigger leg that reaches down to and follows the granite bed will be attached to them, along with a strong Y1 beam for the bridge to travel over.


· Shop Floor Machines
For usage in shop floor settings where substances are more prone to appear that may affect the air bearings. In addition to this, the S model is more suited for workplaces where the temperature fluctuates. These will have a solid Y1 and Y2 beam for the bridge to travel on, and covers will shield all bearing routes from contamination.

[bookmark: _Toc198483887]Figure 7 – CMM (Renishaw, 2024) Pictured from left to right is a Laboratory and Shop Floor Machine.
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A few substitutes for measuring instruments might be measurement arms, sometimes referred to as portable CMMs. In order to go past barriers and into places that are hard to reach, these adaptable gadgets employ a number of articulated pieces. Businesses could utilise them instead of a standard CMM for operations that need flexibility. These devices are less precise, though, because users must manually enter data points by pulling the trigger (Kreon, 2024). One measurement arm can be seen in Figure 8.

Laser scanners might be another alternative. These laser scanners are employed to identify an object's physical attributes. These non-contact measuring tools scan a surface with laser beams to produce an intricate 3D point cloud. Using them in place of conventional CMMs has the benefit of non-contact measuring, which removes the possibility of item damage (Autodesk, 2024). A few of drawbacks are the high initial cost and the inability to measure surfaces that are out of the scanner's field of view. This indicates that it is impossible to determine inside or tucked geometry that is not visible to the scanner (3space, 2020).

Several businesses, including Zeiss and Mitutoyo, compete with Renishaw for the top CMM. Section 1.3 highlights one benefit of Renishaw CMMs over Zeiss models: Renishaw relies on air bearings and linear motors to prevent possible wear and tear from more conventional methods like drive belts. Renishaw probes and Revo systems are also used by Mitutoyo CMMs, demonstrating the high calibre of Renishaw's product (Mitutoyo, 2024).

[image: Quantum S FaroArm][bookmark: _Ref198398071][bookmark: _Toc198483888]Figure 8 - Faro Measurement Arm (Faro, 2020)
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[bookmark: _Toc198483889]Figure 9 - Laser Scanner (Leica, 2023)
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[bookmark: _Toc198484180]Aim

The aim of this project is to:
· Achieve a smooth transfer of the Agility CMM production line to the new site with minimal disruption to production.

[bookmark: _Toc198484181]Objectives 

The objectives of this project are as follows:

· Develop a new Agility floorplan layout to improve workflow efficiency, and to introduce Lean manufacturing/ six sigma principles.

· Create and implement a phased transfer plan to minimise production downtime and ensure continuity.

· Construct a step-by-step plan that outlines each stage of the move, including timelines. 

· Assess the new Agility production layout.

· Implement best practices associated with line transfers based on secondary research. 
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Throughout this project stakeholders are vital as they will make any final decisions on the project.
Stakeholders:
The stakeholders and relevant personnel involved may consists of:
Karl Reese (Agility Manager)- Oversee the relocation and ensure alignment with objectives
Leigh Taylor (Miskin Manufacturing Manager) – In charge of Miskin Manufacturing.
Miskin Engineering team - Prepare the Miskin site and support the transition
In order to ensure that all technical, logistical, and operational issues are correctly taken care of, the entire transfer depends on a team, which is crucial for a product transfer project's success because it brings together a variety of experience. Everyone on this team is aware of their precise roles and duties, and this will be the primary team participating in the transfer.

· Production Manger – Karl Reese (In charge of Agility and will oversee the whole transfer).

· Lead Process Development Engineer – Keith Newman (Lead Engineer up Old Town with the most experience with the Agility line and will be responsible for ordering new tools for each build bay). 

· Senior Process Improvement Engineer – Nigel Hamilton-Shaw (Senior Engineer Down Miskin and will oversee new production hall and confirm that the new site meets all requirements for the CMMs). 

· Miskin Engineering Team Geraint Evans & Ryan Wells responsible for setting up workbenches in Miskin and marking out the floor layout once floorplan is finished. 

· Senior Material Kitter – Sarah Jones (Responsible for arranging/packing any material/equipment transport).

· Senior Section Leader – Mark Perriam (Supervisor for Agility, so if there are any issues he would be the main contact).










Figure 10 shows the organisation chart of all personnel involved within this project.
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The CMM from the Agility department is the latest product from Renishaw. Since 2015 – 2025, the product has been in a nonproductive facility (NPI) located in Gloucestershire at Renishaw Old Town. This product has been in NPI for so long since Renishaw is working to create the ideal product and did not think they could fulfil large orders just yet because of the size of the Old Town facility and the number of trained employees. Although it was located in a nonproductive facility, Renishaw began offering these machines for sale to a select few clients; however, it was not officially launched on the website yet. In response to the growing orderbook and anticipated growth following the official introduction of the CMMs, Renishaw Old Town is unable to fulfil the volume of orders due to its small size. Moving to Miskin Hall 3, the Agility area will now be part of Renishaw Miskin's new manufacturing hall. 

[image: Output image]
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Figure 11 compares past sales (completed machines) with future production forecasts for Agility over a 10-year span (2019/20 to 2028/29). The company is on track to more than triple production in 5 years (72 → 250 Machines).
The new design has to accommodate the 250 machines per year that Renishaw could encounter in 2028 or 2029. If the projections prove to be more accurate than anticipated, the new layout should also consider future plans or a predetermined strategy for the future. 
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Due to space limitations whilst production was at Old Town, a limited number of production and stock machines have been held off-site at Neal Brothers, the selected third-party logistics and shipping company. A suitable process was implemented, with some orders fulfilled in this way. However, following the proposed transfer of production to Miskin this process will no longer be required, and all machines and accessories will be shipped directly from the Miskin site.  

Table 1 presents storage pricing from Neal Brothers for different crate sizes over a one-week duration. Costs increase with crate size, ranging from £80 for a small crate to £200 for an X-large crate. Each crate size accommodates specific machine types, with smaller crates storing machines like G and Pl, while larger crates house machines such as Z and H. Each machine has a nickname such as G for Gnome and P for Phoenix. 


	Storage Duration
	Crate Size 
	Cost per Week (£)
	Machine Types
	Machines Stored 

	1 Week
	Small Crate 
	80
	G, PI, 
	2 (22/23), 3 (23/24), 3 (24/25)

	1 Week
	Medium Crate 
	120
	P, C, E 
		2(22/23), 3 (23/24), 3 (24/25)



	




	1 Week
	Large Crate
	160
	A, 
		2(22/23), 2 (23/24), 2 (24/25)



	




	1 Week 
	X-large Crate
	200
	Z, H,  
	1 (22/23), 1 (23/24), 2 (24/25)



[bookmark: _Ref189827310][bookmark: _Ref189826956][bookmark: _Toc198397604]Table 1 - Neal Brothers Pricing

	Year 
	Machines Completed (Per Year)
	% Stored at Neal Brothers 
	Machines Stored @ Neal Brothers
	Estimated Storage Costs (£)

	22/23
	48
	15%
	7
	£19,040

	23/24
	72
	12%
	9
	£25,380

	24/25
	98 (Projected)
	10%
	10 (So far)
	£28,800


[bookmark: _Ref198059920][bookmark: _Toc198397605]Table 2 - Neal Brothers Storage Costs

Table 2 provides an overview of machine storage at Neal Brothers from 2019 – 2025. The costs are worked out by each machine staying on average 8 weeks at the warehouse where they will get shipped directly from Neal Brothers. The estimated costs include Neal Brothers picking up the shipment (Figure 12), storing the shipment and delivering the shipment to correct destination. On average it costs £1000 for shipment of machines so not all of Table 2 costs will be saved once moved to Miskin. An example of how the machines crates may be stored can be seen in Figure 13.
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[bookmark: _Ref189222961][bookmark: _Ref189495845][bookmark: _Toc198483892]Figure 12 - Crate on Lorry
[bookmark: _Ref198483791][bookmark: _Toc198483893]Figure 13  - Neal Brothers Storage (Neal Brothers, 2025)




Furthermore, due to more space constraints at the Old Town facility, all production and stock machines have been held outside in the car park, some for extended periods which can be seen in Figure 14. The intention was to only store outside for a short period whilst waiting for the machine to be collected approximately 1-2 months.
[image: Image preview]






[bookmark: _Ref189590284][bookmark: _Toc198483894]Figure 14 - Machine Crates in Carpark


The shipping crates are not designed for long-term outside storage and as such there have been several instances of crate degradation and water ingress which can be seen below in Table 3.
	Year 
	Reported Cases of Damage 

	2019
	0

	2020
	0

	2021
	0

	2022
	3

	2023
	4

	2024
	6

	2025
	0


[bookmark: _Ref189660063][bookmark: _Toc198397606]Table 3 - Reported Cases of Damaged Crates
The number of machine crate damage reports in the parking lot from 2019 to 2025 is displayed in this table. Since there was so little machine production in the initial years, there were no cases documented. The quantity of damaged crates gradually climbed along with the machine's production. Only the crates have sustained damage throughout the years; the machines themselves have remained undamaged. Therefore, replacing the boxes is the sole expense involved.


	Year
	Total Reported Cases 
	Small Crates
	Medium Crates 
	Large Crates
	X-Large Crates 

	2022
	3
	1
	1
	1
	0

	2023
	4
	1
	2
	1
	0

	2024
	6
	1
	2
	2
	1


[bookmark: _Toc198397607]Table 4 - Reported Damaged Crates Sizes

The consequences of damaged crates lead into the company wasting money on rework and new crates. The prices associated with obtaining new crates can be seen in Table 5 (Just for the actual crate). Even though there may only be one panel of the crate damaged, the company only allows for orders of a full crate allowed. Labour expenditures for repackaging the machinery are among the other related expenses. The indirect costs for a technician are around £60 per hour, and the typical time to repack equipment might be five hours, depending on which panel is broken.

	Crate Size
	Repair Cost (New Crate)

	Small
	£300

	Medium
	£400

	Large 
	£550

	Extra-Large 
	£700


[bookmark: _Ref189660160][bookmark: _Toc198397608]Table 5 - Machine Crate Costs

	Year 
	Small Crate (£300)
	Medium Crate (£400)
	Large Crate (£550)
	X-Large Crate (£700)
	Labour Costs (5 hours/day @ £60/hr
	Total (£)

	2022
	1
	1
	1
	0
	£180
	£1,430

	2023
	1
	2
	1
	0
	£240
	£1,890

	2024
	1
	2
	2
	1
	£360
	£3,260


[bookmark: _Toc198397609]Table 6 - Yearly Machine Crates Cost


The increasing number of damaged crates, as shown in the data, has resulted in rising costs for obtaining new ones. In 2022, the cost of replacing damaged crates was £1,430, which increased to £3,260 by 2024 due to a higher number of reported cases. This trend highlights the financial impact of inadequate storage conditions, which have led to crate degradation and water ingress, as seen in Figure 15 & Figure 16. Addressing these issues, through proper storage locations in the new production hall will help mitigate these recurring costs.
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[bookmark: _Ref197689109][bookmark: _Toc198483896]Figure 16 - Water on Crate




In addition to this, there is not enough room for trucks for delivery (Figure 17) or pick up machines. Due to its modest size, this NPI facility was not built to handle large trucks entering and leaving the site. The roads of Renishaw Old Town are rather narrow and typically only accommodate one car. It is situated in the centre of a small town. On numerous occasions, vehicles parking on the side of the road where there is no space for exits have caused the truck to become stranded on the main road.  
[bookmark: _Ref189660203][bookmark: _Ref189660200][bookmark: _Toc198483897]Figure 17 - Oldtown Roadmap
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[bookmark: _Toc198484187]Production Line Transfer Theories

Important preparations should be made before beginning a production line transfer to make sure the relocation is necessary and that it supports the company's objectives, such as increasing capacity or saving money (AIS Vanguard, 2024).
Planning appears to be one of the most crucial elements that stands out, based on research on production line transfers. When it comes to transfers, preparation is crucial to preventing unforeseen circumstances that could cause delays and incur large expenses. "Have a product transfer roadmap" is one of the keys to successful product transfers, according to Tina Doney of Creation Technologies (Doney, 2017). This essentially describes an organised approach for moving the products. While bringing stakeholders together around objectives, deadlines, and deliverables, it offers a systematic and straightforward way to manage the transfer's difficulties. An article from Beck & Pollitzer also suggests that planning is essential for a ‘seamless production line relocation’ which agrees with Doney for a successful product transfer (Kaur, 2023). This is shown in section 4.1 where it shows the Gantt chart for this project.  

Training and preparing staff for the transfer is a crucial component of production line transfers, and it is slightly related to the first point. In most manufacturing relocations, training must be planned in advance to guarantee that staff members can properly operate and maintain the new machinery or procedures and to avoid significant downtime. In addition, it is necessary to consider the big picture and make a decision regarding the anticipated needs and wants. Retraining, employees’ transfers, or determining the need for more staff may all be part of this (Kaur, 2023).
Furthermore, having the right team is crucial for any project, not just production line moves. "Over one-third of all projects fail because teams aren't cooperating well enough," according to Brain McHale from Project Central (McHale, 2019). Given the level of detail and reliability needed, a team is essential to a successful manufacturing line relocation. By specifically defining roles and ensuring that all departments operate in unison, it gives the project more chance of success. To back this up, an academic paper titled ‘A Production-Transfer Procedure Based on Risk Management Principles’ states that ‘the team members should have clear roles and responsibilities’ which links in with the point above from Brain McHale (Mogos, Fredriksson and Alfnes, 2019). The projects team for this project can be seen in section 1.5.
Production transfer moves require constant monitoring and efficient communication to be successful. According to Mogos et al. (2018), one of the recommended practices for managing production transfers is 'to hold regular status meetings with the project team’. Throughout the project lifetime, these meetings are an essential tool for keeping all stakeholders on the same page and ensuring that any possible problems or deviations from the plan are promptly discovered and resolved. How communication was carried out in this project can be followed in section 7.2.

[bookmark: _Toc198484188]Six Sigma

Six Sigma is a collection of techniques and instruments used to minimise mistakes and problems in business operations. Finding and removing the underlying causes of manufacturing or business process errors is the primary principle of Six Sigma (Kumar, 2023). Six Sigma aims to help businesses create goods more efficiently while also enhancing quality and cutting waste. 
A realistic project timetable may be developed with the use of several project scheduling approaches that fall within the six-sigma framework. The Project Gantt Chart will be the technique used in the project. According to Pyzdek and Keller (2014), a project Gantt chart is a visual project management tool that displays the start and end dates of different tasks or activities. The Gantt Chart for this project can be seen in section 4.1.
Applying Six Sigma techniques to the relocation of the CMM manufacturing line is a great way to ensure a seamless and effective transfer and, once everything is set up, to maximise productivity. Six Sigma can be used to this project in the following ways:
The DMAIC (Define, Measure, Analyse, Improve, Control) technique is utilised by Six Sigma and may be used to this project. 

(D) Define:
· Identify key quality objectives for the new build bay setup. This can be seen in sections 5.3.1 and 5.3.2. 
(M) Measure 
· Gather baseline data on process times, defect rates, and machine performance. Data on machine performance and downtime is found in section 5.3.3.1.
(A) Analyse
· To identify the underlying causes of problems, use statistical techniques like Pareto charts. Pareto chart for the CMM downtime can be found in section 5.3.3.1.
(I) Improve 
· Reduce downtime and defects by implementing process improvements such as improving the floorplan or operator training. The new floorplan can be seen in section 6. 

(C) Control 
· To guarantee that the improvements made to CMM production line transfer are maintained over time, implement process standards or make plans to track the changes.
 

[bookmark: _Toc198484189]5s
[image: Credit - VKS]The five-step 5S approach is a fundamental component of six sigma or lean techniques, which are designed to increase production by establishing an organised, and effective workplace. Five Japanese terms—Seiri, Seiton, Seiso, Seiketsu, and Shitsuke—are referred to as the "5S." These words are frequently translated into English as Sort, Set in Order, Shine, Standardise, and Sustain (Lean Production, 2024).
 Sort – Ensure each bay only contains essential items for CMM assembly stage to reduce clutter.[bookmark: _Toc198483898]Figure 18 - 5S (LinkedIn, 2025)

Set In order – Assigning positions to each item so that they may be returned to the appropriate spot. This could mean the implementation of shadow boards.
Shine - To keep the workstation and equipment safe and comfortable, clean them on a regular basis. This will be a very important stage regarding the CMM assembly process in terms of the bearing ways.
Standardise - To keep everything neat and orderly, create standardised processes and the potential of check sheets to enforce these procedures.
Sustain – Making certain that everyone maintains their discipline, adheres to the proper protocols, and doesn't forget them.

Using the 5S model in this project can result in increased productivity and ensure that the build bays are set up properly. Renishaw may cut down on waste, minimise mistakes, and provide a safer working environment by standardising procedures and organising the workplace. The 5s methodology used in this report can be seen in Future Plans section at the end of the report. 



[bookmark: _Toc198484190]Challenges and Risks in Production Line Transfers
[bookmark: _Toc198484191]Environmental 
The majority of Agility assembly can take place in standard Renishaw assembly areas. However, the flexured build and the mapping, verification and health check phases of the main build require more closely controlled temperature conditions.
· Flexured build - granite temperature should be 20°C or above. The glue curing time is greatly affected by temperature. If the granite is not thoroughly soaked at room temperature of above 20°C it can lead to glue cure failures.

· Main build – mapping, verification and health check. The temperature change rate is crucial. Accuracy can be impacted by micron-level dimensions variations brought on by even slight temperature fluctuations. Accurate alignment and assembly are made possible by components settling steadily at a steady temperature. A building specification of ±0.5°C rate of change per hour for Hall 3 has been requested by Lead Process Development Engineer – Keith Newman.

[bookmark: _Toc198484192]Economic
Economic issues associated with moving the Coordinate Measuring Machine (CMM) production line to a new production hall include the direct expenses of the transfer procedure as well as any indirect effects on operations.

One of the dangers associated with the transfer process is downtime expenses, which might briefly stop or limit production and result in revenue losses. In addition, failure to fulfil client orders on time may result in fines or strained customer relations, which might cause long-term financial losses. For instance, cargo that are scheduled to travel overseas by ferry and are missing might result in a port ban or a significant fine. Another cost related to downtime is labour costs. When production is down, the company is still paying for the employees although work is not being carried out.

The new manufacturing hall's high initial cost is another economic consideration. Overall, the two new manufacturing halls and a new facility area will cost Renishaw 60 million pounds. The cost of establishing the new production space includes building, installing utilities, and adhering to operational or safety regulations. Additionally, if some equipment cannot be moved, new systems or equipment will have to be bought, which would raise expenses.
Another risk is associated with training expenses for the workforce: To adjust to the new CMM procedures, employees will require training, which requires time and money. One of the training costs will be covering the team's daily commute up Old Town through travel overtime compensation. 1.3 times the hourly rate is paid for two hours every day. 40 hours of overtime will be paid to the team members throughout the regular workweek. Roughly £500 is spent on this every month. Additional training expenditures will include enrolling employees in fork truck courses, which average approximately costs £1000 each course. 



[bookmark: _Toc198484193]Change Management
When a manufacturing line is moved, resistance to change is common because workers may be anxious about the new procedures (Spring, 2021). Anticipating and handling employee resistance to change is crucial. The key to handling this is to communicate clearly in order eliminate any uncertainty. Managers and staff must communicate effectively, and all information should be conveyed in a clear and concise manner. Additionally, managers should let staff members participate in the transfer, interact, and voice any concerns or ideas they may have. 

As part of this relocation, Miskin employees will have to travel up Old Town to learn about the product and then bring it back to Miskin. When new personnel are brought to a new location, there may occasionally be conflict with current staff. Managers need to handle the issue and discuss everyone's tasks and responsibilities in detail in order to prevent any hostility towards the employees. In addition to preventing misunderstandings, this clarity encourages a cooperative work atmosphere. It also depends on the personality of the current employees.  

[bookmark: _Toc198484194]Good practices of Production Line Transfers
Despite a comprehensive search, no particular case studies relevant to this subject matter were found. Instead, reference Section 2.1 for a review of Production Line Transfer Theories. The techniques and best practices that are necessary for production line transfers to be effective were described in this section.

[bookmark: _Ref198061282][bookmark: _Toc198484195]Bad practices of Production Line Transfers
[bookmark: _Ref198294488][bookmark: _Toc198484196]Planning 

Lack of planning is the most common poor practice when it comes to production line transfers. Moving a production line without enough preparation can lead to several major issues, including:

Increased Costs: Unexpected costs may result from last-minute problem-solving efforts, and unforeseen equipment purchases.

Delays and Downtime: In the absence of a well-defined schedule, the relocation may take longer than anticipated, resulting in prolonged production halts and can result in missed critical deadlines for CMM production.

Operational Disruptions: The production process may be interrupted by inadequate planning, leading to obstacles and inefficiencies that lower overall productivity (Seals, 2025).
In order to prevent the poor practices mentioned in section 2.6.1 a Gantt chart will be used to help keep personnel on track by defining exactly what has to be done and by when. In section 4.1. the project Gantt chart is displayed.


[bookmark: _Toc198484197]Poor Communication
Errors or Misinterpretations: Inadequate communication can lead to mistakes regarding important information, like the timetable for the move, particular duties, and safety precautions. This may result in mistakes being made during performing the relocation, which might cause delays and safety risks.

Employee Dissatisfaction and Confusion: Workers may become frustrated when they are not kept within the loop in regard to the move. Employees like to be kept updated when any information is available.

(Staffbase, 2024)
Regular meetings will be held throughout this project to prevent these issues. Refer to section 7.2. for further details.

[bookmark: _Toc198484198]Rushing the Process
Insufficient Preparation: There is not enough time to adequately prepare the new facility when the procedure is accelerated. This might lead to poor layout design, insufficient utility installations, and inadequate infrastructure, all of which could have a damaging impact on production efficiency.

Missed information: In the rush, important information might be forgotten, resulting in moves being skipped. 
















[bookmark: _Toc198484199]Current Production 
Renishaw Old Town, Wotton-under-Edge 
Approximately 21,640 sq ft/ 2,010m²
[image: A map of a town

Description automatically generated][bookmark: _Toc198483899]Figure 20 - Old Town Overview Map











[bookmark: _Int_T0CjJZ3V]A production facility was set up at Renishaw Old Town for the early production of AGILITY machines in 2016. This facility settled down into seven build bays plus storage areas and assembly cells/areas for the production of various sub-assemblies. The main focus was the build bays where the CMMs get assembled. Each machine is constructed from beginning to end in the build bays and this production line can be considered low volume. Shown in Figure 21 is each bay is measured at 7.5m x 4.5m. 
[image: A group of men working in a factory][bookmark: _Ref189734929][bookmark: _Toc198483900]Figure 21 - Old Town Build Bay












The following are required in order to assemble these machines in the build bay:
· Air supply
· Internet access
· Power supply
· Renishaw control system cabinet (Figure 22 & Figure 23)
[image: A white machine with black boxes and wires

Description automatically generated][image: Image preview]









[bookmark: _Ref197888684][bookmark: _Toc198483901]Figure 22 - Control Cabinet
[bookmark: _Ref197690500][bookmark: _Toc198483902]Figure 23 – Inside of Control Cabinet 

Other equipment that are required may consists of:
· Landoll Fork truck PT40 - 20 Ton (Figure 24)
· Portable Gantry System (Figure 25)
[image: ][bookmark: _Ref197888704][bookmark: _Toc198483903]Figure 24 - Fork truck (Landoll, 2023)

[image: PORTA GANTRY – Goods and Personnel Lifting, Fall Arrest Aluminium Gantry. —  REID Lifting]
[bookmark: _Ref189737875][bookmark: _Toc198483904]Figure 25 - Gantry System (Reid Lifting, 2014)

[image: A blueprint of a building

Description automatically generated]The layout is shown in Figure 26 to provide an idea of the size of Renishaw Old Town.[bookmark: _Ref197690868][bookmark: _Toc198483905]Figure 26 - Old Town Layout









Currently the setup of the build bays on average can produce 1.2 machines per month without any delays or breakdowns which accounts for 100 machines per year.
1.2 machines x 12 = 14.4 Machines a Year Per Build Bay
14.4 Machines X 7 Build Bays = 100.8 Machines Per Year. 
[image: A graph with numbers and text

AI-generated content may be incorrect.]Figure 27 displays Renishaw Old Town's annual machine production rate in contrast to the number of build bays set up which is 7. [bookmark: _Ref197691949][bookmark: _Toc198483906]Figure 27 - Bar Chart of Old Town Build Bay Output










[image: A diagram of a process

Description automatically generated] Figure 28 shows the flow chart of the Agility build process. [bookmark: _Ref189669837][bookmark: _Toc198483907]Figure 28 - Flowchart of CMM Process







Build to order – Order received, and jobs are released to build the CMM. 
Pick parts from sub-assemblies – The CMM build is spilt into different sub-assemblies that will get kitted ready for main build. These parts will consist of cable looms, X carriage, armatures. 
Flexured granite build – Attaching the granite legs to the granite bed and gluing the Y beam to the legs.
Main build – In this phase of the construction, all of the subassemblies are effectively combined, Readheads and Bearing Rideheights are determined, and the machine is squared (the Xbox and Bridge are square). 
LabVIEW – Functional tests where it will carry out several different operations like setting the bump stops, air pressure and armatures.  
Commissioning – Setting up the machine to the correct variant and size.
Overnight cycle – 8-hour overnight cycle run where the machine will move constantly, and test will be carried out to see if the machine functions as it should. 
Mapping – Takes out any irregularities/errors of the components.
Squareness & Probe Cal – Checks how square the quill is and calibrates the probe.
Laser verification – Final minor adjustments to any irregularities and ensures the machine measures to the correct tolerance. 
Health check – Final test of the CMM build.
Decommission & pack – This stage consists of preparing the machine for shipment which includes placing shims under all bearings and packing up the machine in a crate. 












As space was limited, the flexured granite part of the build was integrated into the Old Town machine build bays. The flexured build consists of placing the granite base, bonding and securing the granite legs, and attaching the Y-Beam. The primary issue with this is that it takes time for the glue to cure. After attaching the granite legs to the granite base and the Y beam to the legs, the present procedure calls for the adhesive to settle for 33 hours. The engineering team has searched for alternatives to the present glue in an attempt to shorten the curing time, but they were unable to discover a workable solution since the glue must be able to tolerate vibrations, and several other elements need to be taken into account.

Figure 29/Figure 30/Figure 31 shows the process of the legs and beams getting bonded. 

[image: A grey rectangular object with screws and bolts

Description automatically generated][bookmark: _Ref197888849][bookmark: _Toc198483908]Figure 29 - Gluing Granite Legs 1

[image: A large grey machine in a room

Description automatically generated][image: A grey rectangular object with holes

Description automatically generated][bookmark: _Ref197888851][bookmark: _Toc198483909]Figure 30 - Gluing Granite Legs 2


[bookmark: _Ref197888853][bookmark: _Toc198483910]Figure 31 - Gluing Y Beams




[bookmark: _Toc198484200]Planning 
[bookmark: _Ref190771644][bookmark: _Ref190771680][bookmark: _Ref190771695][bookmark: _Toc198484201]Gantt Chart
In Figure 32, the Gantt chart used for this project is displayed. Keeping track of which tasks needed to be begun and finished by which date was made easier by this. [bookmark: _Ref198293842][bookmark: _Toc198483911]Figure 32 - Gantt Chart




[bookmark: _Toc198484202]Equipment transfer 
The following equipment list is all the equipment from Old Town that will get transferred down to the new production hall. 


[bookmark: _Toc198483912]Figure 33 - Equipment List Required from Old Town

[bookmark: _Toc198484203][bookmark: _Hlk196243090]Proposal for new line
[bookmark: _Toc198484204]Capital Investment
Capital investment required to facilitate the transfer from Old Town to Miskin with an increase in production capacity has been:
· CE00224836 £415.5k Agility Assy Cell Miskin Setup 
· CE00224689 £79.7k Miskin Agility Assembly Oven
· CE00225164 £39.8k Agility Test Cabinets (8,9 & 10)
The following items have been purchased ready for production in Miskin can be seen in Figure 34. 
[image: A white sheet with black text
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[bookmark: _Ref197887875][bookmark: _Toc198483913]Figure 34 - Miskin Purchase List

[bookmark: _Toc198484205]Overview of new production hall
The new production hall has space of 17,540 m² / 188,798 ft² but on the approved layout, the Agility department has an overall of 3370 m² / 36,274.34 ft² floor space allocated to it, in comparison to Old Town which is approximately 2,010 m² / 21,640 ft.

[image: A diagram of a building

Description automatically generated][bookmark: _Ref190196393][bookmark: _Toc198483914]Figure 35 - Hall 3 & 4





















Agility has been allocated majority of hall 3 and can be seen in Figure 35. Agility will share the production hall with AM Additive Manufacturing and dispatch – as the Agility CMMs are quite large, most of the hall has been given to Agility.
[bookmark: _Toc198484206]New layout 
[bookmark: _Ref197883917][bookmark: _Ref197883923][bookmark: _Toc198484207]Build Bay 
In the new set up, for just the main machine build, a build bay approach will be used rather than a multi-station production line. This was selected for three main reasons:
· Every time a machine is moved it requires time to set it back up.
· Risk of damage to bearings/bearing faces.
· H&S risk to personnel and equipment in moving heavy items using forklift trucks (FLTs).

Precision bearings, such as air bearings or linear guide bearings, which are extremely susceptible to dust and impact are used in these CMMs. The likelihood of contamination or bearing surface damage rises with each CMM movement, which might result in component scrapping, rework, or decreased performance. By eliminating the need to move machines during the assembly and testing stages, the build bay reduces these hazards.

CMMs are big, hefty, and extremely specialised devices that frequently weigh several tonnes. Using forklifts (FLTs) to move them raises the possibility of mishaps including tipping, crashes, or staff injury during guiding in addition to the danger of equipment damage. For technicians and operators, a stationary construction bay offers a safer working environment. 
"A study on the risks of forklift trucks in manufacturing plants" examines how using forklifts in industrial settings may be extremely dangerous, particularly for pedestrians and unprotected workers. The paper emphasises how "the role of the forklift truck in a manufacturing plant poses a threat to unprotected workers or other pedestrians," highlighting the risks that come with using forklifts in busy environments. Forklifts are essential for moving materials, but they also come with a number of risks, such as the potential for accidents that might cause fatalities or severe injuries (Larsson and Rechnitzer, 1994).
In response to these risks, it is suggested that implementing a build bay approach to avoid forklift movement in critical areas. There is less need for forklifts to move equipment around the workplace when machines are kept fixed throughout the primary build phase. By protecting equipment from harm during these procedures and lowering pedestrian exposure to forklift-related hazards, this strategy makes the environment safer. 









[bookmark: _Ref197883926][bookmark: _Toc198484208]Ownership of Build Bays 

For the new setup, the operators will have ownership of a build bay. This would be beneficial for several reasons such as:
1. Full Ownership & Accountability
· The operator has full responsibility for the machine's construction, which results in improved assurance of quality and fewer errors.
· The operator also has responsibility for any tools or equipment in the bay.
· Reduces any miscommunication between operators. 
2. Skill Development
· The operator becomes a highly competent technician rather than a specialised worker after learning every aspect of the build process.
· More flexibility in handling different CMM models or custom orders.
3. Reduced Machine Handling
· There is no need to move components between several workstations because a single person completes the entire build in the bay. 
4. Flexible Work Pace & Efficiency
· The operator is not hurried by a moving production line and may operate at a consistent, quality-focused pace.
· Defects may be fixed immediately without compromising other build bays.

The concept of cellular manufacturing, in which a single operator takes on complete control of the process inside their assigned area, or cell, is closely reflected in the new build bay arrangement. Within the standard cellular manufacturing structure, individuals control a whole production unit or process from beginning to end. Since the individual controls every aspect of production in that cell, it develops responsibility, quality assurance, and ongoing development. In comparison, in the new build bay setup, every machine operates as a separate unit, with a single operator in charge of the machine's whole assembly, testing, and validation (Shelzer, 2024).







[bookmark: _Ref197883928][bookmark: _Toc198484209]Area for Granite 

The new floorplan includes a dedicated area for granite that is separate from the main build bays. The granite area will be spilt up into two sections in the hall where one area will be for flexured granite build where the legs and Y beams get attached and the other area for storage of the granite. 
[image: A blueprint of a building

AI-generated content may be incorrect.][bookmark: _Ref191894381][bookmark: _Toc198483915]Figure 36 - Granite New Layout






The flexured granite area will have four different bays where they are labelled up as ‘FBay’ in Figure 36.
[bookmark: _Ref197884266]Justification for Separating the Granite Area 

1. Granite Temperature 

· A separate area allows for better climate control due to the granite being kept outside. 
· The current granite process requires the granite legs and bed to be at a minimum of 20 Degrees Celsius before any gluing takes place. 
· With a separate area it is designed to allow the granite to climatise up to temperature without affecting or taking any room from the flexured build bays. 


2. Handling and Safety Considerations

· By providing a designated area for safe handling, the possibility of granite damage and worker accidents is decreased.
· The Granite is extremely heavy that requires specialised lifting equipment like portable gantry’s which can be all stored in the same area. 








3. Efficiency and Workflow optimisation
A key factor in maximising the production is the decision to isolate the granite area from the main build bays. The adhesive drying time for granite components is one of the main time restrictions in the CMM construction process:

· 33 hours for the granite legs to cure
· Another 33 hours for the Y-beam to be attached and cured
At the moment, these curing procedures are carried out in the main build bays, which take up valuable productivity time and result in bottlenecks. By setting up a distinct space for granite bonding and preparation, the following advantages can be seen:

Parallel Processing
· The adhesive curing process runs independently of the main assembly, ensuring that other critical build tasks can proceed without delays in the build bays.

Minimising Non-Value-Adding Waiting Time
· Compared to a linear process where one process must be finished completely before another may begin, the new area can drastically reduce the overall build time.

· If the granite curing process took place in the main build bays, it would block space for other builds, leading to congestion and limiting production capacity.

The granite area is kept apart to prevent the curing process from becoming a bottleneck in the entire build schedule. It reduces the overall machine construction time and improves workflow efficiency by operating in tandem with other assembly jobs rather than imposing a 66-hour delay to the main production line.

A study was carried out last year by the Author conducting a six-sigma task with the aim of reducing the amount of downtime in the CMM assembly process. The task involved documenting any downtime within the last 75 machines at the time which was over a 6-month period. In order to collect data, all of the captured information was manually put into a Microsoft Excel sheet. 

[bookmark: _Toc165228013]The analysis found that, with 41 occurrences in 75 machines, material shortages were the most frequent reason for downtime during this time. However, granite curing was the main focus because to the nature of material shortages and the numerous uncontrollable issues in this field. Out of 75 machines, granite curing occurred 22 times, making it the second most frequent downtime. The table and graph can be seen in Table 7 and Figure 36.

[image: A table with numbers and a number of machines

Description automatically generated][bookmark: _Ref192071092][bookmark: _Toc198483916]Figure 36 - Pareto Graph of CMM Downtime (Leung, 2024)
[bookmark: _Ref197808529][bookmark: _Toc198397610]Table 7 - CMM Assembly Downtime (Leung, 2024)




Granite curing relates to the 33-hour curing period for gluing the legs and Y beams. This demonstrates that a significant bottleneck in this procedure is waiting for the adhesive to dry on the legs and Y-beams. According to the findings, waiting for granite glue to dry accounted for over 30% of downtime problems. With a separate area for granite, it improves the production workflow.



The total time spent in a bay with and without an independent granite section is contrasted in this graphic (Figure 37). When all procedures, including granite curing, take place inside the bay, the machines spend 25 days there, as shown by the purple bar (Without Granite Area). Since granite cures independently, the bay is freed up earlier, as indicated by the orange bar (With Granite Area), which shows a decreased 20 days. 

By implementing an exclusive granite area, the build bay usage per machine is reduced by five days. By enabling more machines to enter the bay earlier, this optimisation increases workflow efficiency.

 [image: A graph with different colored bars
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[bookmark: _Ref197969382][bookmark: _Toc198483917]Figure 37 - Bar Chart of Time with and Without Granite Area
This chart compares the time spent in the build bay with and without a separate granite area. Without a dedicated granite area (purple bar), machines remain in the bay for 25 days, as all processes, including granite curing, take place there. With a separate granite area (orange bar), the bay time is reduced to 20 days, as curing occurs externally, freeing up the bay sooner. 
The concept will be using the flexured build bays to assemble granite operations and attaching the Y beams on and then moving the machines to the main machine build bays where it will stay until it is fully built, tested and packed.





[bookmark: _Toc198484210]Future Floorplan 
The foundation of the layout will consist of a separate area for granite to climatise and another separate area for flexured granite where the legs and beams will get attached. The main difference between the different layouts is focused on the build bays and their setup with both layouts having 10 build bays.
Idea A which is labelled as Figure 38 below consists of a similar setup to Old Town where the build bays are opposite each other whereas, idea B (Figure 39) has a more straight line approach where all the build bays are in line with another.

Idea A Swot Analysis 
	Idea A Swot Analysis 

	Strengths 
	Weaknesses

	Shorter walking distances between bays
	Higher safety risks – potential for more workers and fork truck interactions in a tight middle space

	Workers are able to communicate across bays more easily
	Central aisle may get blocked and cause delays

	Opportunities
	Threats

	Allows for better shared tooling stations and resources.
	Increased risk of damage in tight spaces

	Could encourage a more interactive work environment
	Congestion could lead into production delays


[bookmark: _Toc198397611]Table 8 - SWOT Analysis Idea A

Idea B Swot Analysis
	Idea B Swot Analysis 

	Strengths 
	Weaknesses

	Better fork truck access
	Workers in different bays have less direct interaction, which may impact collaboration

	Safer working environment
	longer walking distances for workers between bays.

	Opportunities
	Threats

	Allows for future integration of overhead cranes or gantries for heavy lifting
	If not well-organised, it could lead to workers feeling isolated in their bays.

	Making it clear for fork truck access and pedestrian access. 
	Space limitations could make future expansion or reconfiguration difficult


[bookmark: _Toc198397612]Table 9 - SWOT Analysis Idea B

[bookmark: _Toc198484211]Idea A[image: A blueprint of a building

AI-generated content may be incorrect.]

[bookmark: _Ref194326035][bookmark: _Toc198483918]Figure 38  - New Floorplan A
[bookmark: _Ref194496119][bookmark: _Ref194515433][bookmark: _Toc198484212]Idea B 
[image: A blueprint of a building
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[bookmark: _Ref194425106][bookmark: _Toc198483919]Figure 39 - New Floorplan B





[bookmark: _Ref197884196][bookmark: _Toc198484213]Evaluation of new production line

The final approved layout is Idea B where the build bays are in a straight line. There are several reasons why the layout was selected including: 
Forklift access to each individual build bay without interference is greatly facilitated by Idea B. This lowers the chance of mishaps during material handling and increases manoeuvrability. Direct access reduces wear on the machinery and increases productivity by eliminating the need for forklifts to make intricate manoeuvres in confined areas. 
Additionally, this arrangement encourages a greater degree of adherence to safety and health standards. Both workers and equipment are better protected from accidents or near-misses when there are established routes and less cross traffic. Clear sight and a clear boundary between humans and forklifts are provided by the open aisle design, which helps to reduce the risk of accidents and damage to precision machinery. 
A Remax Doors article claims that crowded aisleways and inadequate warehouse design are factors in forklift-related accidents and equipment or product damage. This is directly addressed by the straight-line arrangement, which improves line of sight, decreases cross traffic, and creates clear, wide aisles all of which are essential for preserving both productivity and safety (Lilford, 2013). 
Stakeholders strongly supported the straight-line architecture because of these benefits, especially the increased safety and operational control. In addition to providing space for future expansion and process enhancements, the choice shows a proactive attitude to establishing a safer and more productive workplace. The stakeholders included Karl Reese (Agility Manager) and Leigh Taylor (Miskin Manufacturing Manager) where the author presented both ideas to them and a vote was conducted. 




The air lock entrance where all granite will be supplied and brought in is shown by the highlighted region. Despite being near the entrance, the granite's temperature won't be impacted because an air lock mechanism is in place.




[image: A diagram of a machine  AI-generated content may be incorrect.]
Each bay will require a service station










The primary door to dispatch is indicated by the blue circle. Once finished, the machines will be removed from the build bays through to dispatch area.







The highlighted area shows free space where all the packed machines will be stored whilst waiting for collection. 



[bookmark: _Toc198483920]Figure 41 - Final Approved Layout
Agility has been allocated space out in dispatch to pack and crate all machines. The highlighted area will see the machine landed onto its correct crate and it will be boxed up. Upon completion, the machine will get picked up by the shipping company. 


[bookmark: _Toc198484214]Transferring down to Miskin
[bookmark: _Toc198484215]Set Up
[bookmark: _Toc198484216]Floor Markings
Each build is measured at 7.5m x 4.5m and is marked by tape. The orange and black tape represents the actual build bay size, and the blue tape represents the different machine types and layouts.  
[image: A grey floor with blue and black stripes
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[bookmark: _Toc198483921]Figure 42 - New Floor Markings


[bookmark: _Toc198484217]Service Points 
Every construction bay will need a service point, which was placed by the contractors and had its network ports enabled by the business systems and facilities team. The service points will be located in the middle of two build bays where both build bays will be sharing. Therefore, there will be 5 service points for the 10 build bays available.
[bookmark: _Toc198483922]Figure 43 - Service Point in Bay

[image: A machine in a factory
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[image: A room with a metal structure

AI-generated content may be incorrect.] Racking[bookmark: _Ref196235285][bookmark: _Toc198483923]Figure 44 - Build Bay Racking

The build bay racking was assembled with help from Miskin engineering team. Each bay is identical, and the following is repeated for all 10 build bays (Figure 44). The flexured granite racking was also assembled for the 4 bays (Figure 45).  
[image: A metal shelf in a room

AI-generated content may be incorrect.][bookmark: _Ref196390776][bookmark: _Toc198483924]Figure 45 - Flexured Bay Racking












[bookmark: _Ref198296535][bookmark: _Toc198484219]Communication
A crucial component of the production line relocation was efficient and constant communication. The team adopted a structured communication approach right away since they understood that poor communication might result in mistakes or misunderstandings, such as uncertainty about deadlines, task ownership, or safety protocols. Frequent cross-site meetings (1 Per Week) on Microsoft Teams helped to avoid errors or delays by ensuring that all departments were in agreement on build schedules, relocation phases, and critical roles.
A significant amount of effort was focused on keeping staff members informed and involved in order to resolve any possible concern or uncertainty. Daily briefings were used to maintain floor level contact with the operators and technicians, and weekly reports were distributed to all involved parties such as stakeholders. 







[bookmark: _Toc198484220]Transport Strategy 
There are two main strategies that will be considered regarding the move which are moving the whole production line together or in a phased move transfer. 
Option 1 – Together 
	Pros
	Cons

	The whole move will be completed faster.
	All logistics, testing, and setup must be completed in advance.

	Simpler in terms of communication, paperwork, and training.
	Production could stop completely if something goes wrong, which is a serious risk. 

	No need to maintain two setups.
	


[bookmark: _Toc198397613]Table 10 - Pros and Cons Transfer Together
Option 2 – Phased 
	Pros
	Cons

	Since you can find and address issues in small batches before expanding up, there can be less risk.
	The full transfer will require more time.

	minimises interruption by maintaining a certain level of output throughout the changeover. 
	More planning to manage two sites or processes at once.

	
	May result in more delays if there are stock issues at one site.


[bookmark: _Toc198397614]Table 11 - Pros and Cons Phased Transfer
All parties involved including the stakeholders included Karl Reese (Agility Manager) and Leigh Taylor (Miskin Manufacturing Manager) and Miskin Engineering team opted to move forward with option 2, which calls for a gradual relocation of the manufacturing line. A few couple key stand out reasons involve:
Continuity of Production:
· Production doesn't have to be completely stopped or paused because both locations will remain open throughout the transfer. This ensures that production goals and the customer delivery deadlines can still be fulfilled.
Reduced Risk of Downtime:
· A complete move would need pausing production until the new location is completely functional, posing a serious risk in the event of delays or problems. With a staged relocation, modifications can be made gradually and there are backup plans in case things go wrong.
Controlled Transition:
· Any unforeseen problems may be fixed within a more manageable scope without affecting the business as a whole.

[bookmark: _Toc198484221]Phases Of Transfer 

[bookmark: _Toc198484222]Phase 1 - Validation 
Verifying that the new facility at Miskin is appropriate for machine construction and operation is crucial before any official transfer of manufacturing operations can start. In order to make sure the facility satisfies the crucial specifications required for CMM manufacturing, this first phase will concentrate on assessing the environment's stability and performance.
To do this, three machines that have been completely built, tested, and finished will be carefully transported to Miskin from the Old Town location. These devices will operate as validation units for evaluating various operational and environmental aspects of the new production hall.
Once delivered, the machines will undergo a rigorous evaluation process, including:
· Mapping – This step identifies and corrects any physical irregularities or geometric errors in the machine’s components. Mapping ensures that the mechanical and structural elements are aligned and performing consistently in the new environment.
· Verification – Final fine-tuning of the system to resolve any remaining irregularities post-mapping. This step ensures that the machine is measuring accurately and consistently, within the defined tolerance limits. 
· Health Check – A full-system diagnostic and functional test, acting as the final sign-off for the CMM’s build integrity. This ensures all subsystems (motion control, probe performance, environment stability) are working as expected.
These three inspections will be performed five times on each machine in five separate places across the Miskin manufacturing hall. In addition to confirming environmental consistency and floor stability, this repeatability testing will assist pinpoint any areas of the facility that could need looking at.

The results of these tests will yield important information to confirm:

· That the Miskin facility is physically capable of supporting high-precision builds.
· Any potential hotspots or unsuitable zones within the production hall.
· If further environmental controls are required prior to the move.

· Phased production transfer won't move forward until the validation results have been examined and authorised by the engineering, quality, and metrology teams. There was a minor problem due to air conditioning right above one of the build bays, but this problem was quick to sort out by telling the contractors to remove the air conditioning unit above the bay. Temperature within the facility was tested and the building specification of ±0.5°C rate of change per hour was successful. 

Completed: Feb 2025 


[bookmark: _Toc198484223]Phase 2 – Dual Production 
Phase 2 will implement a dual production method after Phase 1's successful validation of the Miskin plant. The Old Town and Miskin sites will both be operational at the same time during this transitional phase. The major objective is to increase Miskin's production capacity while maintaining output and causing the least amount of interference with client delivery dates.
This phase will include the following key actions:
Production at Both Sites:
· Machine builds will continue at Old Town while initial builds begin at Miskin
Redeployment of Team Members:
· Selected team members will transfer back down to Miskin, and some Old Town staff will transfer down temporary. 
· These individuals will support the initial machine builds, assist with on-site setup, and provide feedback to improve layout, tooling, and processes.
Material Transfer:
· To facilitate the construction of the initial few machines, exact kits of materials will be transported from Old Town to Miskin. 
· This guarantees that the right parts are accessible without prematurely overloading the new location with bulk stock.
Redirecting Incoming Stock:
· Old Town will no longer receive new materials, indicating a change in the supply chain flow; all new stock deliveries will now be sent straight to Miskin.
Controlled Production Ramp-up and Ramp-down:
· Miskin will slowly ramp up production where Old Town's output will be gradually reduced in tandem in order to minimise operational overlap and reallocate resources appropriately.


Ongoing: April 2025






[bookmark: _Toc198484224]Phase 3 – Full Transfer
The production move to Miskin is formally completed at this point. Miskin is now the only location for all CMM production operations once build capability has been shown, procedures have been improved, and the team is completely established.
This includes:
Stop all builds at Old Town
· No new build activity will begin at Old Town from this point forward. 
· All remaining production is completed and shipped. 
Full Team Transition 
· All remaining production team members transition back to the Miskin site.
· All training has been completed. 
· Old Town staff members that were deployed temporary will return back to Old Town.
Final Equipment Transfer
· Any remaining tools and required equipment will be moved to Miskin.




Completed: TBC













[bookmark: _Toc198484225]Project Reflection 
Time restrictions prevented the full manufacturing line transfer from being completed within the initial project timetable, particularly Phase 3, which involved consolidating all build work to the Miskin location. Despite the successful completion of Phases 1 and 2, which validated the new site and enabled dual production operations, a follow-up plan will need to be prepared to completely shut down the Old Town build area and move all of the employees back to Miskin. In order to guarantee continuous manufacturing output and prevent any interruptions for customer deliveries, this choice was made. Even though the project did not finish in the time frame specified, the main goals were accomplished, and a strong basis was laid for the final transfer to be carried out with little risk.

[bookmark: _Toc198484226]Successes
There have been many successes within this project such as:
· Reducing Costs 
With the move into Hall 3, all machines and their crates will now be stored internally in a dedicated area. This removes the need for external storage at Neal Brothers, which cost £20,600 in 2023/24 and was projected to increase to £27,800 in 2024/25 (prices not including shipping to customer). Additionally, storing crates indoors avoids weather-related damage, which in the past resulted in material waste and rework expenses costing on average £2,193 per year. The initiative can potentially save over £30,000 annually by avoiding storage and rework costs by securing the crates inside.
· Set up solid foundations for the complete move
The project has effectively laid the fundamental framework for the transfer, even though the production line relocation is not yet finished. Machines are now being built at both the old and new locations as part of a dual production strategy. This strategy has made it possible to slowly integrate activities into Hall 3 while maintaining uninterrupted output. Important infrastructure is already in place, laying the foundation for a complete transfer soon. This includes internal storage space, dedicated build bays, and an enhanced layout.

· Reduce overall time that machine is in the build bay.
By adding a separate granite area, the project cut the average amount of time a machine spends in a build bay from 25 days to 20 days, a reduction of 5 days. This made it possible for crucial operations to operate together rather than individually, boosting efficiency and removing bottlenecks to enable quicker turnover without compromising control or quality.

· Scalability for Increased Output 
One of the project's main accomplishments was creating a production layout in Hall 3 that accommodates expansion over time. Machine output increased from 10 units in 2019–20 to 98 units in 2024–2025; by 2028–2029, it is expected to reach 250 units. In order to ensure that the facility is future-ready without requiring any significant adjustments, a new layout has been developed to accommodate this whole predicted capacity. In this approach, the department may grow effectively without sacrificing build flow or quality.


· Minimised Disruption to Customer Deliveries
Keeping up customer delivery timetables during the transition was an enormous success. Dual-site manufacturing allowed this, enabling the building of machines at the original site as Hall 3 slowly ramped up production. This strategy provided consistent output during the transfer and prevented significant delays.


[bookmark: _Toc198484227]Challenges faced 
A number of difficulties surfaced during the production line's move into Hall 3 such as managing dual-site manufacturing, which required the construction of machines at both the old site and the new location. This system first revealed a few problems, such as the fact that precise material kits were shipped from Old Town, and that manufacturing would be halted until additional components were shipped down if there were material problems or any missing parts. Not having little items like height gauge extensions, which are necessary to complete the job, was another problem. This problem was valuable in that it helped identify any equipment that was missing so that it could be ordered as soon as possible.
Although Miskin is geographically further from the ports than the Old Town, which might increase the distance for machines exported globally, this is compensated for by its better transportation infrastructure. Miskin has easy access to the M4 which facilitates more efficient incoming and outgoing operations. In the long run, Miskin is more suitable for long-term logistics and scalability since the advantages of improved road connection and accessibility exceed the little increase in dock distance. Furthermore, despite the distances being greater, the shipping charges are similar. 
The Agility CMM manufacturing line was unable to fully move to Hall 3 by the expected date due to project delays, even with careful planning. The main reason for this delay consisting of the phased transfer. The phased transfer approach was selected over a full move in an attempt to fulfil client delivery dates and maintain production levels. This approach prolonged the transfer's overall duration while reducing the possibility of total production shutdowns. By using a staged strategy, Renishaw was able to migrate operations gradually and maintain production at the Old Town site while moving some processes to Miskin. Nevertheless, this meant that the entire relocation into Hall 3 had to be done in phases rather than all at once.








[bookmark: _Toc198484228]Product Roadmap
[image: ]The CMM Roadmap offers a graphic timeline of the key events in the creation and relocation of the Agility CMM manufacturing line (Figure 46). [bookmark: _Toc198483925][bookmark: _Ref198484576]Figure 46 - CMM Roadmap

[bookmark: _Toc198484229]Conclusions
Renishaw has reached a major milestone with the move of the Agility CMM manufacturing line to Miskin, which will enable higher production capacity and improved operating efficiency. Although the transfer's last stage is still ongoing, the project has accomplished its main goals and laid the groundwork for future expansion and smooth production.
The choice to use a gradual transfer approach, which let production to continue at both the Old Town and Miskin sites, was one of the major achievements. This strategy ensured that any operational issues could be resolved prior to a full-scale move while minimising interruption to client deliveries. The danger of downtime was reduced by the ability to continue production during the move, and the gradual transition enabled real-time modifications, reducing the likelihood of delays or higher expenses.
The architecture of the new Miskin manufacturing hall maximises efficiency and space, allowing for future expansion. The amount of time machines spent in the build bay was greatly decreased by the addition of a specialised granite area that was isolated from the main build bays. The average time spent in the construction bay decreased from 25 days to 20 days per machine by letting the granite cure on its own. Throughput was increased and bottlenecks were reduced thanks to this optimisation, enabling more effective operations without sacrificing quality.
With a design that will allow the manufacturing capacity to rise from 100 machines per year to a predicted 250 units by 2028, the new layout also facilitates scalability. Long-term production will be further streamlined by Renishaw's ability to accommodate increasing demand without having to undertake major facility modifications because to this layout's flexibility.
Despite the achievements, the project had difficulties, especially when it came to handling production at two locations. Logistical challenges included things like material shortages and the requirement for exact kits of parts to be transferred between the locations. These issues were quickly fixed, though, so there were few interruptions to production. Minor environmental problems with the facility that needed to be fixed to satisfy precise standards were also discovered during the validation phase, which comprised testing machines at Miskin. These were successfully resolved, guaranteeing that the manufacturing hall fulfilled Renishaw's exact requirements.
The project has laid the groundwork for future advancements. Operations will be further optimised, and high standards of organisation and quality will be guaranteed with the use of Lean manufacturing techniques, which include the use of shadow boards and 5S check sheets. By making it possible to transport large components more effectively and safely, the integration of Collaborative Mobile Robotic Systems (CMRs) would eventually lessen the need for forklifts, enhancing efficiency and safety.
Overall, the project has met its primary goals of minimising transfer disturbance, increased operational effectiveness, and created the framework for future scaling. With the successful completion of Phases 1 and 2, Renishaw is now in a position to seamlessly transition to full production at Miskin, with a clear route ahead to finalise the transfer and satisfy the increasing demand for CMMs in the years to come.
[bookmark: _Ref197690024][bookmark: _Toc198484230] Future Plans 
[bookmark: _Toc198484231]Short Term 0-6 Months 
· Complete the full transition to Hall 3 
Old Town to stop production completely and all new machines to be built and sent from Miskin. All team members will relocate back to Miskin and Miskin will be the sole supplier for CMMs in Renishaw. 
[bookmark: _Toc198484232]Medium Term 6 Months – 3 years 
· Shadow boards for tools 
Each build bay to have a shadow board for all tools and some equipment if required. In 5S, a shadow board is a visual aid for organising tools and equipment. It is a board or panel that has each tool's outline or silhouette marked on it. When not in use, each tool has a specific location where it is kept. It is instantly obvious when a tool is absent (Graham, 2024).
· Introduce 5S check sheets 
There can be several different checks including daily, weekly and monthly sheets. The daily sheets may include a quick tick checklist to check for are all tools in the designated area, have you cleaned the area and is all paperwork in the correct place.
The monthly check sheet may consist of checking expiry dates for adhesives and checking calibration date for all tools and equipment. Other checks can involve checking documentation such as concessions and quality alerts.
[bookmark: _Toc198484233]Long Term – 3 Years +
· Introduction of Collaborative Mobile Robotic systems. 
The long-term objective is to invest in Collaborative Mobile Robots (CMRs) in order to do remove the need for forklifts to move heavy components. This change attempts to increase workflow efficiency in the manufacturing area, lower the chance of equipment damage, and improve safety (Ramasubramanian and Nikolaos Papakostas, 2021).
Figure 47 provides an illustration of the CMRs. Under the control of a single operator, the CMRs operate in groups of two to four devices. They are capable of handling items weighing one to twenty tonnes and can form themselves into any shape.
[image: A screenshot of a computer generated image of a robot
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[bookmark: _Ref198052981][bookmark: _Toc198483926]Figure 47 - CMR (JNOV TECH, 2023)
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paliet stacker (17 +) ) of o
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—— Occurrencef inlast | Cumulative | Cumulative | 80% (80/20

75 machines Total % rule)
Material Shortages 41 41 30% 80%
Granite Curing 22 63 47% 80%
Software Issues 17 80 59% 80%
Doors open 14 94 70% 80%
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Staff Unavailable 11 118 87% 80%
No kit available 10 128 95% 80%
Bearing issues 7 135 100% 80%
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