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[bookmark: _Toc197888385][bookmark: _Toc198487339]Abstract
This dissertation examined and improved Renishaw's FSP1 packaging operation, which is a manual, low-volume manufacturing process for precision encoder scales. The Six Sigma DMAIC (Define, Measure, Analyse, Improve, and Control) framework was used in the study to identify inefficiencies, quantify process variation, and develop a validated improvement strategy.
Initial observations revealed that the process was labour-intensive, prone to human error, and lacked standardisation, resulting in long cycle times, unnecessary operator motion, and a 17% packaging error rate. The project identified root causes of workstation layout, manual documentation, and ineffective quality checks using time and motion studies, operator engagement, and benchmarking against an internal best-practice cell.
The improvement solution included re-designing the packaging workstation, integrating error-proofing tools (barcode scanning and a vision camera system), and implementing digital work instructions. Mock validation trials showed a 34% reduction in cycle time, complete elimination of packaging errors, and positive operator feedback. Financial analysis predicted an annual savings of £137,470, with a 655% return on investment and a two-month payback period.
Although full implementation was put on hold due to budget constraints, the project was completed ahead of schedule, with a validated and documented solution. The study adds to the existing literature by demonstrating the applicability of Lean Six Sigma in a low-volume, manual production environment, providing practical insights for future process improvement initiatives.
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1. [bookmark: _Toc198487342]Introduction 
The pursuit of operational excellence has long been a pillar of modern manufacturing, especially in high-precision industries where quality, efficiency, and traceability are critical to customer satisfaction and long-term competitiveness.  As technological innovation continues to transform the global manufacturing landscape, businesses are increasingly reliant on structured process improvement methodologies to identify inefficiencies and implement sustainable solutions.  One such methodology is Lean Six Sigma, which combines statistical rigour with waste-reduction principles to achieve measurable performance gains in a variety of operational settings.
Renishaw, a precision engineering and metrology leader headquartered in the United Kingdom, exemplifies this commitment to continuous improvement. With a strong focus on research and development, the company produces a wide range of advanced products in fields such as additive manufacturing, spectroscopy, and medical instrumentation. Among its flagship products are optical encoders, which are used to precisely monitor motion and position in high-accuracy systems. These encoders include components such as the linear scale, which is subjected to stringent manufacturing and packaging processes to ensure the performance and reliability demanded by Renishaw's global customer base is met.
This dissertation focused on the FSP1 packaging operation for linear scale; a critical but labour-intensive process located at Renishaw's Miskin manufacturing facility. Despite the company's commitment to innovation, the packaging process was entirely manual, requiring skilled operators for tasks such as cleaning, visual inspection, sleeving, boxing, and documentation. This lack of innovation resulted in longer cycle times, variability in process performance, and a reliance on manual buddy checks to detect packaging errors. With the operation accounting for a significant portion of total production time and costs, there was a clear business case for a structured improvement initiative.
The overall goal of this study was to use the Six Sigma DMAIC framework (Define, Measure, Analyse, Improve, and Control) to investigate, optimise, and validate improvements to the FSP1 packaging process. Using this framework, the project aimed to identify the root causes of inefficiencies, develop data-driven solutions, and lay a solid foundation for ongoing performance monitoring. The study also sought to fill a gap in the existing literature by investigating the use of Lean Six Sigma in low-volume, manual assembly operations—a setting that is frequently overlooked in favour of more automated manufacturing environments.
This project demonstrated the practical value of Lean Six Sigma in improving operational efficiency within high-precision manual workflows by benchmarking internal processes, integrating visual and digital process control and validating proposed improvements using mock trials. The findings support Renishaw's continuous improvement strategy and provide a replicable model for similar operations looking to reduce costs, improve quality, and increase throughput without fully automating everything.
[bookmark: _Toc197888390]

2. [bookmark: _Toc198487343]Background information
[bookmark: _Toc197888391][bookmark: _Toc198487344]2.1 Company Background
Two engineers, Sir David McMurtry and John Deer working for Rolls Royce in the 1960s encountered a challenge whilst working on the development of the Concorde engine. This specific measurement challenge led these engineers to create a unique measuring tool called a Touch-Trigger-Probe (Figure 1). Sir David and John capitalised on this creation and commercialised the probe for sale under the cheapest company name available, Renishaw (Renishaw, 2022).  
[image: ]
[bookmark: _Toc198397042][bookmark: _Toc198494571]Figure 1 - Touch-Trigger-Probe (Henderson, 2013)
Now in 2025, Renishaw is a UK based global leader in precision engineering and metrology, operating in over 30 countries with more than 80 offices worldwide. Investing 13% into research and development from their annual revenue, Renishaw continues to be renowned for its innovation in product lines such as Additive manufacturing, Raman spectroscopy and neurological medical devices (Renishaw, 2020). 
Most products and components are made in-house at their main manufacturing facility based in Miskin, South Wales which opened in 2014 (Figure 2). The Miskin manufacturing site with its extra 50-million-pound investment has now doubled in size and employs over 650 employees (Pockett, 2022).[bookmark: _Toc198397043][bookmark: _Toc198494572]Figure 2 - Renishaws Manufacturing Site (The Engineer, 2022)


Financially, Renishaw has a positive history with a cumulative growth of approximately 35% over the last five years. In the fiscal year ending in June 2024 their revenue reached £691.3 million with the previous year being £688.6 million. Respectively, their adjusted pre-tax profits stand at £122 million and £141 million (Renishaw, 2016).
With the future being at the forefront of Renishaws plan, it aims to achieve Net Zero by 2030 using sustainable energy sources such a solar which has been fitted to the roofs of the main UK buildings and the implementation of electric vehicle charging stations in their car parks (Pockett, 2022). Renishaw also contributes its time towards the future of engineering, putting on STEM activities for schools to attend their workshop and with the continuous employment of apprenticeships and graduate programs in a range of disciplines (Renishaw, 2025).

[bookmark: _Toc197888392][bookmark: _Toc198487345]2.2 Product information
[bookmark: _Toc198487346]2.2.1 Optical Encoders 
Renishaw are recognised globally for their Optical Encoders. 
An encoder is a device that converts motion or position into electrical signals, they are commonly used in systems that require accurate measurement and motion control such as CNC machines and CMMs. The two main types of encoders rotary (rotational movement) and linear (straight line movement) (Figure3).
[image: A close-up of a device
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[bookmark: _Toc198397044][bookmark: _Toc198494573]Figure 3 - Renishaw Encoder (PBA Systems, 2021)
An optical encoder works by detecting changes in patterns on scale. A scale can have one of two patterns, incremental (like a ruler) which counts incrementally using a reference mark for zero and absolute (like a barcode) which have combinations of unique line placements, each with their own distance (Figure 4). 
[image: Encoders help linear motion stages reach higher levels of accuracy]
[bookmark: _Toc198397045][bookmark: _Toc198494574]Figure 4 - Optical Encoder Diagram (Budimir, 2016)
The optical encoder reads these scales and sends signals to a control system, enabling precise measurement of position, speed and direction (Company, 2025) which can then be implemented into industrial automation, semiconductor manufacturing or Renishaw’s own neurosurgery equipment. Overall, encoders are a core component in close-loop feedback systems for precise control. 
Renishaw began the development of their encoders in the 1980s. Now competing with large companies such as Heidenheim and Mitutoyo, Renishaw continues to continuously improve their encoder line widening the ranges and applications that the buyer can choose from to constantly chip away at the market share (Renishaw, 2025a). 
 
2.2.2 [bookmark: _Toc197888393][bookmark: _Toc198487347]Linear Scale
Both components of an optical encoder are manufactured in Renishaw’s main manufacturing site based in Miskin. There are three types of scales manufactured within Miskin, Linear, Rotary and Ribbon. This report coves an aspect of the Linear production process. 
Linear scale begins with the incoming raw material which is blank Invar steel sheets. The invar steel is used for its impressive thermal qualities that do not affect the accuracy of the scale. The blank sheets are laser cut in house to 1.24m lengths with a width of 15mm and a thickness of 1.5mm.  The parts are then sent over to the beginning of the scale process (Figure 5). 
[image: A metal shelf with black and red metal bars
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[bookmark: _Toc198397046][bookmark: _Toc198494575]Figure 5 - Linear raw material
The lengths of material are then polished and buffed. This is done on Renishaw’s own automated polisher which presses a polishing/buffing mop onto the material and passes up and down the length of the part for the required number of times (Figure 6). For invar steel it is polished with 25 passes and buffed for 5, this is to achieve the specified surface roughness and reflectiveness. 
[image: A machine with a metal frame
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[bookmark: _Toc198397047][bookmark: _Toc198494576]Figure 6 - Auto Polisher
The parts then go through a thorough cleaning process to remove any polishing compound. They are first washed in an ultrasonic tank containing cleaning detergent then they are rinsed in a freshwater tank and then dried using hot air in the third tank (Figure 7). 
[image: A large machine in a factory
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[bookmark: _Toc198397048][bookmark: _Toc198494577]Figure 7 - Linear wash tanks
After cleaning, the parts are inspected for pitted holes or severe grain markings that could have been caused by the polisher. Once checked they are then sent to an external company to be nickel plated, the nickel plating plays a key role in the parts resistance to corrosion. 
Once received back the parts are then placed into stock locations waiting for a job to be raised. Once a job is raised, the 1.24m stock length material are then cut into the requested length e.g. 100mm, using a Brillant disc saw (Figure 8), the coolant from the saw is then cleaned off and the part is placed onto the ablation shelf with the accompanying job sheet. 
[image: A machine with a screen on it
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[bookmark: _Toc198397049][bookmark: _Toc198494578]Figure 8 - Brillant disc saw
The parts are then laser marked (Figure 9). This is where they are given their unique identity – a serial number. The serial number is marked in text and in a 2D matrix format along with the Renishaw name, logo, part number and “MADE IN UK” (Figure 10). 
[image: A computer and a machine in a room
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[bookmark: _Toc198397050][bookmark: _Toc198494579]Figure 9 - Laser engraver
[image: A black rectangular object with white text
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[bookmark: _Toc198494580]Figure 10 - Laser engraver markings

Ablation is the process of removing material from a solid substance (Coherent, 2025).  At the beginning of the ablation process the parts are place onto a granite bed and held down with vacuum pressure (Figure 11). A Class 4 laser is then compressed and focused into a thin line feature which ablates material off the part in shapes of lines. These lines are then placed on the length of the parts using an air driven carriage. Once ablated, the parts remain on the granite bed and are tested using an optical encoder. The scale is tested for accuracy, gain and profile to ensure it is fit the customer to use.
[image: A room with a large machine
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[bookmark: _Toc198397051][bookmark: _Toc198494581]Figure 11 - Ablation and test LTB
The part is then sent upstairs to its packing cell where the part is cosmetically checked to a cosmetic standard before being sleeved, packed, buddy checked and sent to the stores which distributes the part to the required customer (Figure 12).
[image: A room with a blue and white desk
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[bookmark: _Toc198397052][bookmark: _Toc198494582]Figure 12 - Packing station

[bookmark: _Toc197888394]

3. [bookmark: _Toc198487348]Literature review 
The following literature review examines key Lean and Six Sigma principles as applied to manual assembly and packaging tasks, laying the groundwork for the process improvement strategy implemented in this project.
The combination of Lean and Six Sigma methodologies, known as Lean Six Sigma (LSS), is increasingly recognised as a powerful approach to improving processes in manufacturing environments. LSS combines Six Sigma's statistical rigour with Lean manufacturing's waste-reduction principles, resulting in improved operational efficiency and product quality (Vest & Gamm, 2009; Huang et al., 2023). Studies show that significant improvements in performance metrics such as defect rates and operational costs lead to increased customer satisfaction and organisational competitiveness (Huang et al., 2023; Trubetskaya et al., 2023).
A key feature of Lean Six Sigma is its structured problem-solving process, which is typically represented by the DMAIC framework (Define, Measure, Analyse, Improve, and Control). This framework focusses not only on quality improvement but also on identifying and mitigating the underlying causes of process inefficiencies. By way of example, Aggogeri and Mazzola showed that implementing the DMAIC approach in manufacturing systems resulted in significant performance improvements by reducing waste and improving product consistency (Pusporini et al., 2012). Furthermore, research has shown that LSS practices have a positive correlation with environmental performance, highlighting their relevance to modern manufacturing sustainability initiatives (Huang et al., 2023).
Specific applications of Lean Six Sigma have been found effective in optimising assembly and manual operations. Khisbulloh and Yudoko investigated how the methodology could improve Overall Equipment Effectiveness (OEE) by analysing startup times and aiming for improvements in operational efficiency (Khisbulloh & Yudoko, 2024). Their findings that the start-up duration can be reduced from 130 minutes to 43 minutes (67%) demonstrated how LSS tools systematically improve processes and reduce downtime—benefits that are critical in competitive manufacturing environments.
Bhaskar provided a comprehensive review, emphasising the importance of LSS in driving operational excellence across a variety of production environments. The review confirmed that LSS significantly aids in identifying and eliminating non-value-added activities, thereby promoting high levels of customer satisfaction and continuous improvement (Bhaskar 2020). This structured approach also promotes a data-driven culture of performance analytics, which is critical for long-term competitiveness in dynamic market conditions.
Furthermore, LSS has been linked to tangible financial gains. Hill documented the use of LSS in a Maintenance, Repair, and Overhaul (MRO) facility, where the resolution of Critical to Quality (CTQ) issues and a systemic focus on waste reduction resulted in measurable improvements in operational performance (Hill et al., 2017). By reducing the order-to-receipt time from 81days to 65 days their research showed that addressing variation and repeatability enhanced alignment with customer expectations and contributes to long-term profitability.
Case studies, such as those by Daniyan reinforce the practical value of LSS. Their work in a bogie assembly process demonstrated how combining Lean and Six Sigma facilitated reduced lead time 27.9% and improved the efficiency of the assembly process by by 46.8% (Daniyan et al., 2022). These findings confirm the adaptability of LSS for managing quality and efficiency in diverse manufacturing settings, including manual and semi-automated processes.
Recent developments additionally proved LSS's ability to integrate with Industry 4.0 technologies. Ibrahim and Kumar discussed how combining smart technologies and data analytics with LSS allows for more agile, innovative, and efficient manufacturing systems (Ibrahim & Kumar, 2024). This integration marks LSS's forward-thinking trajectory, reinforcing its value in digitised and data driven production environments.
While the literature supports the effectiveness of Lean Six Sigma in a variety of manufacturing contexts, there is a significant gap in its application to manual, low-volume packaging operations—particularly in high-precision industries. The majority of research focusses on automated or high-throughput systems, with little attention paid to environments where manual handling, operator motion, and semi-digital controls (such as barcode scanning and vision systems) are critical. 
This study addressed that gap by applying the DMAIC framework to a manual packaging process, demonstrating how structured improvement tools can optimise manual workflows, reduce motion waste, and improve quality in the absence of full automation. The findings shed new light on how Lean Six Sigma can be successfully applied to hybrid manual environments, providing a scalable model for continuous improvement in situations where automation is limited.
Overall, the literature consistently supports Lean Six Sigma as a vital methodology for manufacturers aiming to reduce defects, enhance efficiency, and improve customer satisfaction. By integrating Lean and Six Sigma principles, organisations can develop robust frameworks for sustainable operational excellence (Antony et al., 2017; Chiarini & Bracci, 2013).
Overall, the literature strongly supports Lean Six Sigma as a critical methodology for manufacturers looking to reduce defects, increase efficiency, and improve customer satisfaction. Organisations can create strong frameworks for long-term operational excellence by combining Lean and Six Sigma principles (Antony et al., 2017; Chiarini & Bracci, 2013).
[bookmark: _Toc198487349]
4. Methodological Framework
[bookmark: _Toc197888395][bookmark: _Toc198487350]4.1 Six Sigma and the DMAIC Approach
This project's methodological foundation was built on the Six Sigma DMAIC framework, which is a well-established approach for improving complex, variable processes. DMAIC, or Define, Measure, Analyse, Improve, and Control, provided a structured roadmap for investigating performance gaps in Renishaw's FSP1 packaging operation. The approach was chosen due to the process's manual nature, high variability, and reliance on human input—all of which benefit from systematic analysis and root cause identification (Keller, 2011).
Each phase of the DMAIC framework as shown in Figure 13 played a unique role: the Define phase clarified the operational challenges and scope; the Measure phase established baseline performance using time and motion studies; Analyse identified inefficiencies and root causes; Improve developed and validated a practical solution based on internal benchmarking; and Control provided a sustainability strategy despite only partial implementation. 
By combining empirical data and stakeholder insight, the framework ensured that the improvements were both measurable and operationally relevant. Its structured format enabled the incorporation of Lean principles such as motion waste reduction and error-proofing, further enhancing its suitability for high-precision, low-volume packaging environments. 
[image: A black background with colorful text
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[bookmark: _Toc198397053][bookmark: _Toc198494583]Figure 13 - DMAIC diagram (Flynn, 2023)

[bookmark: _Toc197888396][bookmark: _Toc198487351]4.2 Project Gantt Chart 
A Gantt chart was created from the beginning to ensure that project tasks were completed in a structured and timely manner. The Gantt chart was a visual project management tool that provided a timeline for each phase of the DMAIC cycle, as well as key milestones and deliverables. This facilitated effective time management and resource allocation, providing ample time for data collection, stakeholder engagement, and iterative validation of improvement actions (Geraldi and Lechter, 2012).
Tasks were scheduled to coincide with operational availability and academic deadlines, with a buffer period built in for unexpected delays. The Gantt chart also enabled progress monitoring, ensuring that the project stayed on track and allowing for early detection of any deviations from the original schedule.
The use of a project management tool, such as a Gantt chart, demonstrated the integration of professional practice skills and facilitated effective communication with project stakeholders. The Gantt chart created for this project can be seen in Figure 14.
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[bookmark: _Toc198397054][bookmark: _Toc198494584]Figure 14 - Gantt chart
[bookmark: _Toc197888397]
5. [bookmark: _Toc198487352]Define 
The DMAIC framework's Define phase, which is its initial stage, concentrated on defining the problem, establishing precise goals, and defining the project's parameters.  By using tools like the project charter and SIPOC diagram, it made sure that business needs and process performance were in line. This phase was useful for establishing a common understanding of the problem and providing a focused and structured starting point for the subsequent improvement work.
[bookmark: _Toc197888400][bookmark: _Toc198487353]5.1 Problem Statement
A problem statement that is clear and focused was essential in this project as it set the foundation for identifying inefficiencies and guiding the improvement efforts. It defined the key challenges within the process and aligned the projects objectives with measurable goals. This statement helped drive the subsequent phases of the DMAIC framework, pinpointing root causes and implementing effective solutions (Miles, 2022).
[bookmark: _Toc197888401][bookmark: _Toc198487354]5.2 The Problem statement 
Renishaw's FSP1 packaging process is currently outdated, fully manual, and heavily reliant on operator input. The operation takes place on the factory floor in a shared space, where a single operator per shift cleans, cosmetically inspects, tapes, sleeves, boxes, and labels the Linear scale. The process has been allocated for 13.2 minutes per part, making it the second longest operation in the FSP1 workflow. This extended cycle time directly contributes to higher production costs and lower throughput.
Furthermore, due to the manual aspect of the operation the quality assurance relies on manual buddy checks, which increases the likelihood of packaging errors such as incorrect labelling or missing documentation. These issues can lead to rework, customer returns, and reputational damage. Internal engineering and management have raised concerns regarding inefficiencies, while external customers expect timely delivery and correctly packed parts.
A formal improvement is required to reduce waste, lower costs, and increase process reliability. This project will use the Six Sigma DMAIC framework to assess current performance, identify root causes of inefficiencies, and implement long-term solutions improving the data collected in the measure phase. 


5.3 [bookmark: _Toc197888398][bookmark: _Toc198487355]Process Overview (SIPOC)
The FSP1 packing operation is located on the factory floor amongst other scale packaging operations. The FSP1 packaging process handles high-precision components so they are packaged with extreme care not to damage the part and to ensure quality and traceability for both internal and external customers. 
Once a part has passed its final testing process, it is sent to a packaging operator. Operators worked independently on a double-day shift schedule (06:00-14:00 and 14:00-22:00) and are responsible for completing the packing process following work instructions and SDPs (Standard disciple procedures).
Work instructions were physically stored in folders on the workstation. Operators followed these documents step by step, scanning and booking their job sheets using an electronic system called Syteline.
The packaging process involved multiple manual tasks, including cleaning each part with cloths and IPA (isopropyl alcohol), performing a visual inspection against a predefined cosmetic inspection standard, preparing tape, inserting the scale into a protective sleeve, and placing the sleeved part into a folded cardboard box. Each package needed to include a label showing the parts serial number and a certificate of the parts pass data.
Following packing, all parts are subjected to a mandatory buddy check by another trained operator from a different cell, during which common errors (such as incorrect labels, missing certificates, or incorrect items) are identified and corrected. Only after this check are the items transferred to the dispatch team in goods outward. From there, the parts are sent to internal departments or external organizations with global distribution.
In order to give a further structured understanding of this process a SIPOC diagram was developed (Figure 15). SIPOC (Suppliers, Inputs, Process, Outputs, Customers) is a well-known Six Sigma tool for visualising a high-level process and determining the scope of DMAIC-based interventions. SIPOC was chosen to support early-stage DMAIC activity in the define and measure phases by making the process more transparent by emphasising key inputs and outputs (Wedgwood, 2006).
[image: ]
[bookmark: _Toc198397055][bookmark: _Toc198494585]Figure 15 - SIPOC Diagram

[bookmark: _Toc197888402][bookmark: _Toc198487356]5.4 Project Charter
A formal project charter was created to serve as the foundation for the improvement initiative (Figure 16). The charter outlined the project's purpose, objectives, scope, and key stakeholders. Its goal was to ensure alignment among all parties involved while also clearly communicating the project's business case (Pyzdek, 2003). This charter was always kept visible within the project workspace to remind the team members of the key foundations of the project. 
[image: A document with text and a list
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[bookmark: _Toc198397056][bookmark: _Toc198494586]Figure 16 - Project Charter
[bookmark: _Toc197888403][bookmark: _Toc198487357]5.5 Initial Observations
To aid the Define phase, an initial Gemba walk took place to observe the FSP1 packaging process in its operating setting. Gemba, which means "the actual place" in Japanese, refers to the factory floor where the packing process takes place and value is added to the product (Croft, 2023). 

As well as gaining a better understanding of the process to assist with creating a process map, the first-hand observation provided a better grasp of how the packaging operation was carried out. It proved that the task was primarily manual, requiring the operator to complete sequential steps with little automation or ergonomic support. A completed Gemba walk observation sheet, used to support this analysis can be found in Appendix A. Several inefficiencies were discovered throughout this walk:

· The workstation's layout lacked logical flow, resulting in inefficient movement between tasks and equipment.

· The buddy check method, while necessary for quality, was time-consuming and frequently disrupted the second operator's workflow.

· The placement of tools and consumables (such as labels, tape, and certificates) was not optimal, resulting in slight delays as operators had to often reach or look for items.

· Printed work instructions had multiple steps and were sometimes difficult to follow, increasing the risk of errors.

· The process of matching certifications and labels to the appropriate part required operator attention and was prone to error.

These early findings helped to validate the concerns outlined in the problem statement, guided the focus areas for further investigation and assisted in the creation of both the process map and spaghetti diagram in the Measure phase. 


6. [bookmark: _Toc197888404][bookmark: _Toc198487358]Measure
The Measure phase of the DMAIC framework focused on quantifying current process performance within the FSP1 packaging operation. This phase aimed to establish a data-driven baseline by identifying key metrics such as cycle time, operator motion, and packaging error rates. These metrics were used to validate initial observations from the Define phase and to characterise the extent of inefficiencies present.
[bookmark: _Toc197888405]Data collection tools such as time-and-motion studies, error logs, and operator tracking were employed to gather primary data from live operations. The data was then analysed to reveal patterns of variation and operational delays. This enabled a structured comparison between actual performance and internal targets, providing an objective foundation for identifying root causes in the subsequent Analyse phase.
[bookmark: _Toc198487359]6.1 Data collection strategy 
The goal of this section was to explain what primary data was collected, why each variable was chosen, and how measurements were taken on the shop floor. A structured collection plan was required to ensure that subsequent analysis was accurate and directly related to the problem statement and inefficiencies recognised during the Gemba walk.
[bookmark: _Toc197888407][bookmark: _Toc198487360]6.1.1 Data Sources and Capture Method
A data collection plan is a structured approach used to define what data was gathered, how it was collected, and why it was necessary to support process analysis and decision-making (Kenett, Zonnenshain and Swarz, 2020). Table 1 summarises where variables were collected, collection instruments used, and the sampling plans used to ensure adequate coverage across shifts. Within the sampling plan operator A and B were mentioned, these were the operators on alternate shifts. Operator A was recorded on a morning shift (06:00-14:00) and Operator B was recorded on an afternoon shift (14:00-22:00).
[bookmark: _Toc198397668]Table 1 - Data collection plan
[image: A white and blue chart with black text
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[bookmark: _Toc197888408][bookmark: _Toc198487361]6.1.2 Validation of data collection methodology
To ensure the reliability and integrity of the data collected during the Measure phase, several validation steps were carried out. The goal of this was to minimise variation in collection methods while maintaining consistency across shifts and data types.
All time-and-motion observations were performed by the same person, eliminating inter-observer variability and ensuring a consistent approach to recording task durations, operator motion, and tool search events. The only exception was packaging error data, which was collected by buddy-checking operators. To reduce variation in this activity, the production supervisor instructed operators on how to properly use the tick sheet, and the form was kept in a visible location throughout the month to ensure consistent use.
Pilot runs were performed at the start of each observation window to validate the procedure and ensure that the data recording sheets were suitable for the purpose. These pilots also allowed the observer to confirm the clarity of each variable's definitions and gain confidence in the timing and measurement routines before full data collection began.
Before using any tools for data collection, they were all checked. The stopwatch was re-set and tested for responsiveness, the measure wheel was zeroed and verified over a known distance, and the tick sheets were checked for completeness. This ensured that measurement devices worked properly and did not introduce systematic errors.
Standard operating procedures were followed to ensure consistency, for example, the stopwatch was always set to start at the same point—when the operator received the job sheet—and stop once the part was placed on the “completed” shelf. To ensure that observations were comparable, task element times were recorded using a consistent set of task definitions.
Although formal training was not provided, a document was created to input data points to ensure consistency. The observer was also verbally told the start/stop criteria, task categories, and observation etiquette (e.g., no interference with the operator) in order to reduce bias and increase repeatability throughout the study.
Collectively, these steps ensured that the data collected during the Measure phase was consistent, representative, and suitable for use in the Analyse phase.

[bookmark: _Toc197888409]

[bookmark: _Toc198487362]6.2 Detailed Process Mapping 
Immediately after data collection and with the aid of the previously completed Gemba walk, observed operations were translated into two complimentary visuals: a process map and a spaghetti diagram. They gave a clear picture of work progress at the FSP1 packaging station.
[bookmark: _Toc197888410][bookmark: _Toc198487363]6.2.1 Flow Chart with task-element times 
[image: ]Figure 17 depicts the sequence of activities that occurred on the shop floor during the FSP1 packaging operation. This flowchart was developed based on observations from 60 packaging cycles (30 per operator) and was used to visualise the step-by-step flow of tasks within the process. It assisted in identifying the most time-consuming stages and provided a clear foundation for targeted process improvement initiatives (Frey et al., 2011).[bookmark: _Toc198397057][bookmark: _Toc198494587]Figure 17 - Process flow chart


[bookmark: _Toc197888411][bookmark: _Toc198487364]6.2.2 Spaghetti diagram of operator motion 
A measurement wheel was used to observe and record the movement of the operator across the workstation during the full cycle of packaging tasks. The operator's path was then transferred onto a scaled layout of the workstation, resulting in a spaghetti diagram that illustrated the typical routes taken throughout the process (Figure 18) (Atlassian, 2025). This visual representation highlighted areas of frequent movement and supported the identification of layout inefficiencies that could be addressed to optimise workflow and reduce non-value-added activity.
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[bookmark: _Toc198397058][bookmark: _Toc198494588]Figure 18 - Motion diagram

[bookmark: _Toc197888412][bookmark: _Toc198487365]6.3 Baseline Process Performance
This section presents the FSP1 packaging process's baseline performance, which was collected following the data collection plan. The goal was to generate a quantifiable snapshot of the current process, identifying inefficiencies in terms of time, quality, and motion. 
[bookmark: _Toc197888413][bookmark: _Toc198487366]6.3.1 Cycle Time and Task Element Durations
A total of 60 packaging cycles were observed, with 30 from each operator. The average cycle time was 13.4 minutes. The longest process within the operation is the actual packaging of the part which takes on average 5 minutes with the buddy checking operation being the second longest taking 3.5 minutes. The raw data for the cycle time and task measurement can be found in appendix B. 
[bookmark: _Toc197888414][bookmark: _Toc198487367]6.3.2 Operator Motion 
The operator's physical movement while packaging was measured with a measurement wheel. On average, the operators walked 17.1m per cycle, reinforcing previous findings from the Gemba walk regarding layout induced motion waste. The measurements taken can be found in appendix C.
[bookmark: _Toc197888415][bookmark: _Toc198487368]6.3.3 Packaging error rate 
Through the 60 parts packed, 10 packaging errors were recorded from the buddy checking process. The error rate was calculated to 17%, or 1 per every 6 parts. Their errors were due to the incorrect certificate packed with the part, an incorrect label on the box, the wrong box used and instances where the operator did not place their packing sticker on the box. The data recorded for the packaging error rate can be found in appendix D. 
[bookmark: _Toc197888416][bookmark: _Toc198487369]6.3.4 Tool and Consumable Search Frequency
Whilst measuring cycle time, operators were also observed for the number of times they paused to locate tool and consumables that were not on hand. Operators had to stop and locate these a total of 11 times, suggesting issues with workplace housekeeping and resources. The data collected for the tool and consumable search can be found in appendix E.
[bookmark: _Toc197888418]
[bookmark: _Toc198487370]6.4 Secondary Data Collection for Cost benefit analysis
To establish the current cost FSP1 packaging process, internal production records and financial data from Renishaw’s production database system were reviewed (Renishaw, 2024). This quantitative analysis provided a detailed breakdown of operational time, labour costs, quality costs, and resource inefficiencies.
A total of 15,161 parts were processed through the packaging cell in the preceding 12 months. Based on an operational labour cost of £75.51 per hour and the operation taking a total of 0.244 hours, this resulted in an estimated annual packaging cost of £279,332, 
In terms of quality performance, 43 parts were quarantined for internal re-work during the same period. These failures, typically detected during or after packaging, incurred an estimated £5,667.40 in labour-related rework costs.
Additionally, 8 formal CCARs (Customer Corrective Action Reports) were logged due to product returns linked to packing errors. Assuming these returns involved the highest-value product line, the total loss—factoring in product cost and labour—was estimated at £15,620. This also highlighted that the manual buddy check system was not fully effective at eliminating all errors before dispatch.
Overtime labour was authorised during five peak-demand months (February, March, August, September, and October), resulting in a total of 240 overtime hours at time-and-a-half pay. This incurred a further £18,122 in additional labour expenditure directly attributable to limitations in packaging throughput.

[bookmark: _Toc197888419][bookmark: _Toc198487371]6.5 Summary of findings 
The Measure phase established a data-driven baseline for the FSP1 packaging operation, which confirmed several inefficiencies discovered during the Define phase. The average cycle time was 13.4 minutes, with packaging and buddy checking identified as the two most time-consuming tasks. Spaghetti diagram analysis revealed excessive operator movement, with an average of 17.1 metres per cycle, indicating a suboptimal workstation layout.
Packaging quality was also discovered to be inconsistent, with an error rate of 17%, owing primarily to mislabelling and inaccurate documentation. Furthermore, operators were interrupted 11 times during the observed cycles to look for tools and consumables, indicating problems with workstation organisation and material availability.
Collectively, these findings provided clear evidence of process variation, motion waste, and quality risks, forming a robust foundation for root cause analysis and targeted improvement in the subsequent Analyse phase.




7. [bookmark: _Toc197888420][bookmark: _Toc198487372]Analyse 
The Analyse phase of the Six Sigma DMAIC methodology aimed to identify the root causes of inefficiencies and quality issues discovered during the Measure phase. It aimed to go beyond symptoms and systematically identify the underlying causes of extended cycle times, packaging errors, and delays in the FSP1 packaging operation. Using structured root cause analysis tools, this phase looked to validate hypotheses with data and lay the groundwork for the subsequent Improve phase (Mandal, 2012).

[bookmark: _Toc197888421][bookmark: _Toc198487373]7.1 Data Analysis 
[bookmark: _Toc197888422][bookmark: _Toc198487374]7.1.1 Cycle Time  
The average cycle time over 60 parts was 13.4 minutes, which aligns with the allocated 13.2 minutes the operator is allocated per job. The package timing is on the high side of the industry benchmarks range of 10-15 minutes per standard size packaging part, the exceptional performance ranges from 5-8 minutes (Team, 2025). 
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[bookmark: _Toc198397059][bookmark: _Toc198494589]Figure 19 - Cycle time graph
The data in Figure 19 shows a wide range of timings taken to complete the cycle of the packing operation. The shortest time taken to complete the operation was 691 seconds (11.5 minutes), where the longest time taken to complete the operation was 932 seconds (15.5 minutes), this is a difference of 241 seconds or just over 4 minutes. This variation in process timings could be down to the operator, however the trend from this data shows that the vast difference in packaging times was consistent between operators. Therefore, the range of timings suggests that there is a lack of standardisation and process control which could contribute toward other issues such as packaging errors. 

[bookmark: _Toc197888423][bookmark: _Toc198487375]7.1.2 Task Timings 
During the Measure phase, each category of packaging tasks was timed. Now visually represented with a Pareto chart (Figure 20), this chart assisted in identifying the most time-consuming aspects of the process. Approximately 70% of the total operation time was spent on two key stages: "Package Part" and "Buddy Check."
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[bookmark: _Toc198397060][bookmark: _Toc198494590]Figure 20 - Task timings graph
The "Package Part" category had several steps, including cutting tape, sleeving the part, folding the box, and inserting labels and certificates. However, the "Buddy Check" was a simple visual check to ensure the part was packed correctly. While the packaging step added value, the buddy check provided quality assurance but caused additional labour and process disruption.
Notably, the buddy check required a second operator—often drawn from a different packaging cell—to pause their own task and assist, thereby reducing throughput in their original workstation. This highlights a line balancing issue, where tasks and time are distributed unevenly across cells. The primary operator is overburdened with repetitive manual tasks, while the quality verification process is performed irregularly and lacks integration, leading to inefficiencies in both workflow and labour utilisation
[bookmark: _Toc198487376]Addressing this imbalance through layout re-design or digital poka-yoke systems may reduce interruptions and result in a more balanced and continuous flow, ultimately improving overall cycle time and operational reliability.

7.1.3 Operator movement data (From-To matrix) 
Operator movement data was analysed using a from-to matrix to quantify the physical distances travelled between workstation elements during a full packaging cycle (Institute for Manufacturing, 2016). Figure 21 depicts the matrix, which captures the one-way travel distances between key locations including the packing bench, booking PC, communal printer, label printer, buddy check station and goods outward shelf.[bookmark: _Toc198397061][bookmark: _Toc198494591]Figure 21 - From/To matrix

 
The matrix exposed several inefficiencies in layout design. The distance between the packing bench and the communal printer was the longest, measuring 4.71 metres one way, this contributed to 27% of the total movement of the operator (Figure 22). Additional high-movement steps included getting to the label printer (4.1 m) and the goods outward shelf (3.01 m). The total travel distance per cycle was calculated to be 17.1 metres, indicating a significant amount of operator motion that added no value to the product while increasing the overall cycle time.
This analysis supported the findings of the initial Gemba walk: workstation elements are poorly located necessitating excessive walking and disrupting task flow. The movement of shared resources (such as printers) contributes significantly to waste and disrupts ergonomic efficiency.
From a Lean standpoint, the layout suffers from a lack of flow efficiency, and the motion waste identified here is an obvious candidate for reduction during the Improve phase. Re-arranging workstation elements to reduce high-frequency or long-distance moves—for example, moving the certificate and label printers closer to the packing area—could significantly reduce motion, improve cycle time, and align with lean layout principles.
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[bookmark: _Toc198397062][bookmark: _Toc198494592]Figure 22 - Pinter location

[bookmark: _Toc197888425][bookmark: _Toc198487377]

7.1.4 Packaging errors and looking for tools/consumables
Following production for 60 parts, the buddy checking process found failures in 10 parts. This is 1 part in every 6 parts checks. Another Pareto chart was used to analyse the packing errors (Figure 23). 
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[bookmark: _Toc198397063][bookmark: _Toc198494593]Figure 23 - Pareto chart for errors found in buddy checking
This Pareto analysis clearly highlights that the incorrect certificate being in the box is the largest failure mode. This is a common issue due to the operator printing out the certificates at once and getting them confused with one another (Figure 24). Based on the observed defect rate of 10 errors in 60 parts, the process demonstrated a Six Sigma performance level of approximately 1.5 sigma, which reflects a high level of process variation and falls significantly short of industry best practices (Keller, 2011). This further reinforces the need for error-proofing measures to reduce reliance on manual checks.
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[bookmark: _Toc198397064][bookmark: _Toc198494594]Figure 24 - Parts with certificates
A large factor in making mistakes can be an interruption to workflow, evidence of this can be shown from the figures collected for when the operator needs to search for tools and consumables. For over 60 parts, the operators had to search for equipment like scissors, consumables and labels a total of 11 times, all of these removing the operator from their workstation and disrupting their workflow. 
[bookmark: _Toc197888426][bookmark: _Toc198487378]7.1.5 Data analysis summary 
The analysis identified several recurring inefficiencies in the FSP1 packaging process. Notable issues included significant variation in cycle times, long operator movement distances, frequent interruptions due to buddy checking, and certificate handling errors. 
These findings indicated systemic flaws in the process flow, workstation layout, and task standardisation. To better understand the underlying causes of these inefficiencies, a structured root cause analysis was performed using cause-and-effect diagrams and the 5 Whys method.



[bookmark: _Toc197888427][bookmark: _Toc198487379]
7.2 Root cause identification 
A cause-and-effect diagram was first created to capture a wide range of potential causes contributing to the observed packaging issues. This visual tool paved the way for identifying root causes by categorising potential contributors into standard categories such as Method, Manpower, Machine, Material, Measurement, and Environment.
Following this, the causes stated in the graphic were cross-checked against data acquired during the Measure and Analyse phases. By overlaying qualitative and quantitative evidence, the most relevant and impactful possible causes were identified. The top three causes were then submitted to a 5 Whys analysis to investigate the underlying reasons for their occurrence and determine if they represented root causes or surface-level symptoms.
Finally, to validate these root cause hypotheses, further measurements and informal operator interviews were performed. This stage guaranteed that the results reached were supported by empirical data and real-world operator experience.

[bookmark: _Toc197888428][bookmark: _Toc198487380]7.2.1 Fish bone diagram 
The Fishbone diagram, also known as the Ishikawa or Cause-and-Effect diagram, was used to visually organise potential causes of inefficiencies into key categories such as people, materials, methods, and equipment. This structured approach enabled a thorough investigation of factors influencing performance, making it easier to identify major areas for improvement (Gooch, 2007).
It was chosen for its ability to present complex cause-and-effect relationships in an understandable, systematic manner. The Fishbone diagram which can be seen in Figure 25 presented the issue at the head of the fish (High cycle time and packaging errors) then the bones are categorised as the main factors contributing e.g. process, materials and equipment. The smaller bones are then the potential causes within this category. 
From this diagram there were multiple causes defined that contribute toward high cycle times and packaging errors. However, working towards all of these causes in the improve stage would be tricky and potentially lead to unsuccessful suggestions due to their complexity. To narrow these down and highlight the root causes, another lean tool called the 5-Whys was used. 

[image: ]
[bookmark: _Toc198397065][bookmark: _Toc198494595]Figure 25 - Fishbone diagram

[bookmark: _Toc197888429][bookmark: _Toc198487381]7.2.2 5 Why’s Technique 
The 5Whys technique was used to systematically investigate the underlying causes of key performance issues identified during the Measurement phase. This method involved repeatedly asking "Why?" to each problem, which allowed for deeper exploration beyond surface-level symptoms (Murugaiah et al., 2010) (Table 2, 3, 4, 5).
It provided a simple yet effective method for tracing problems back to their root causes, which could be addressed through targeted improvements. Four issues were chosen for further root cause analysis due to their mention within the cause-and-effect diagram and having extensive data backing from the data analysis phase. These were:
Inconsistent cycle times with a range of 4 minutes.
Poor process layout due to operator motion of 17.1m.
Incorrect certificates being packed due to being 40% of the overall error found. 
Length buddy checks consuming 3.5 mins of another operator’s time. 

Problem: Inconsistent cycle times 
[bookmark: _Toc198397669]Table 2 - 5 Why, Inconsistent cycle times
[image: ]
Problem: Lengthy Buddy Checks:
[bookmark: _Toc198397670]Table 3 - 5 Why, Lengthy buddy checks
[image: ]
Problem: Poor Workstation layout: 
[bookmark: _Toc198397671]Table 4 - 5 Why, Poor workstation layout
[image: ]
Problem: Incorrect certificates packed with parts:
[bookmark: _Toc198397672]Table 5 - 5 Why, Incorrect certificates packed with parts
[image: ]
[bookmark: _Toc197888430][bookmark: _Toc198487382]7.2.3 Root cause summary 
The 5 Whys method was used to conduct root cause analysis on four key issues identified during data analysis: inconsistent cycle times, lengthy buddy checks, poor workstation layout, and incorrectly packed certificates.
Although these issues appeared to be separate, the 5 Whys analysis revealed that they all stemmed from the same underlying cause. In each case, problems arose from a lack of standardisation in workstation layout, processes, and control methods.
Inconsistent cycle times and buddy check delays, for example, were associated with a lack of visual controls, disorganised tools, and reliance on manual practices. Similarly, batch printing without structured document handling resulted in certificate errors, while workstation inefficiencies were caused by non-standard layouts and the lack of a 5S approach.
The findings were summarised as follows:
The root cause across all issues was a lack of standardisation in workstation setup, procedures, and error-prevention measures.
This conclusion provided a clear direction for the Improve phase, which included implementing standardised layouts, structured workflows, and basic visual or digital controls to reduce variation, increase efficiency, and reduce quality issues.

[bookmark: _Toc197888431][bookmark: _Toc198487383]7.3 Root cause validation
To validate the suspected root cause, three targeted activities were carried out: time observation, workstation adjustment, and operator interviews.
[bookmark: _Toc197888432][bookmark: _Toc198487384]7.3.1 Cycle Time Observation
An operator was shadowed throughout the entire packaging cycle. Each step of the process was monitored to ensure part accuracy, simulating the role normally performed during buddy checks. The time required to complete the cycle was recorded. When buddy checks were removed from the process the average cycle time decreased from the baseline 13.4 to 9.8 minutes. This indicated that buddy checks had a significant impact on overall process time.
[bookmark: _Toc197888433][bookmark: _Toc198487385]7.3.2 Workstation Layout Adjustment
[bookmark: _Toc198323541][bookmark: _Toc198323769][bookmark: _Toc198325918][bookmark: _Toc198395457]As a practical solution, the certificate printer was temporarily moved right next to the packaging bench (Figure 26). A repeated motion study was used to track operator movement following this change. The relocation reduced the average walking distance by 6.81 metres per cycle which can be seen in the improved From-To matrix in figure 27, supporting the hypothesis that inefficient workstation layout contributed to inefficiencies. 
[image: A shelf with objects on it

AI-generated content may be incorrect.]
[bookmark: _Toc198494596]Figure 26 - Improved printer location
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[bookmark: _Toc198397066][bookmark: _Toc198494597]Figure 27 - Improved From-To matrix

[bookmark: _Toc197888435][bookmark: _Toc198487386]7.3.3 Operator Surveys
Structured surveys with packaging operators were conducted to gather qualitative information. The questions focused on perceived bottlenecks, documentation clarity, material access, and workstation organisation. The respondents consistently expressed dissatisfaction with unnecessary movement, a lack of visual controls, and lengthy/confusing work instructions. Operators strongly advocated for layout improvements and digital or visual aids to reduce errors and delays. The completed surveys can be found in appendix F.
[bookmark: _Toc197888436][bookmark: _Toc198487387]7.3.4 Summary of findings 
The findings confirmed the initial root cause identified by the 5 Whys analysis: a lack of standardisation in workstation configuration and process control. All three validation methods provided consistent evidence that inefficient layout and reliance on manual error-checking lengthened cycle time and increased the risk of errors. The findings supported the need for targeted improvements in process standardisation, material organisation, and error-proofing.


8. [bookmark: _Toc197888437][bookmark: _Toc198487388][bookmark: _Toc197888438]Improve 
[bookmark: _Toc198487389]8.1 Overview of improve phase 
The improvement phase aimed to create a solution that directly addressed the validated root cause identified in the Analyse phase. 
To address this, a newly developed packaging bench within a separate Renishaw cell was used as a benchmark. This workstation was purpose-built with integrated process controls, poka-yoke features, and layout standardisation, removing the need for the buddy checking process. The improvement strategy therefore focused on adapting this proven design for the FSP1 area.
Although full implementation of the improved workstation was not possible within the project's timeframe due to budget constraints, a proposal was developed to test the solution using loaned components and simulated setups. This enabled validation of the proposed benefits, such as reduced operator movement, elimination of buddy checks, and shorter cycle times. The enhancement was thus both evidence-based and forward-compatible with future investment.

8.2 [bookmark: _Toc197888439][bookmark: _Toc198487390]Comparative Analysis of Packaging Cells
To develop an improved packaging process for the FSP1 operation, a benchmark study was carried out on an adjacent packaging cell at Renishaw's Miskin manufacturing site. Although both cells operate in the same general area, the benchmarked cell was designed and built in 2019 to pack a newer line of encoder scale (Figure 28). In contrast, the current FSP1 packaging line was relocated to the same area in 2014.
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[bookmark: _Toc198397068][bookmark: _Toc198494598]Figure 28 - Benchmarked cell (FSP2)

The benchmarked cell used several design principles to enhance efficiency, process control, and error prevention. The workstation was very compact, with clearly labelled storage areas for all tools and consumables, allowing for a lean layout while minimising unnecessary movement. Furthermore, the cell used digital work instructions delivered via touch screen monitors, guiding the operator through step-by-step procedures based on a dynamic cutting list and eliminating the need for booking in and out jobs. 
For better quality control, the system included several Poka-Yoke mechanisms, such as sensors to verify proper tape application, a camera to confirm the part was correctly placed and labelled within the box, and a barcode scanner to validate that the correct part was selected for packaging. Collectively, these measures eliminated the reliance on manual buddy checks, resulting in a more standardised and repeatable process. These sensors were all linked to the electronic work instructions allowing a step-locked process. 
The performance and layout of this packaging cell served as a reference model for the proposed improvements to the FSP1 line, with modifications to meet the specific process needs.


[bookmark: _Toc197888440][bookmark: _Toc198487391]8.2.1 Gap analysis 
A structured gap analysis was used to compare the existing FSP1 packaging workstation to the benchmark packaging cell (Stefaniak, 2015) (Table 6). The following key differences were identified in layout, process control, and standardisation:
[bookmark: _Toc198397673]Table 6 - Gap analysis
[image: ]
The analysis confirmed that inefficiencies in the FSP1 process were directly caused by the absence of key control and layout features in the benchmark cell. These results supported the analysis phase, problem statement and the proposed improvement strategy of tailoring the benchmark cell to FSP1 requirements. 


[bookmark: _Toc197888441]

[bookmark: _Toc198487392]8.2.2 Benchmarking 
After the initial observations and gap analysis, quantitative benchmarking was used to evaluate the performance of the newer packaging cell (Hasselbring, 2021). The goal was to determine whether tailoring its features would result in measurable improvements to the FSP1 packaging process. The following key metrics were captured during the observation of the benchmark cell (Table 7):
[bookmark: _Toc198397674]Table 7 - Benchmarking comparison
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This benchmarking exercise proved the capability of tailoring a design to the newer packing bench, with significant improvements in all of the metrics. 
 
[bookmark: _Toc197888442]

[bookmark: _Toc198487393]8.3 Concept Design
The concept design for the improved FSP1 packaging bench was developed to address the validated root causes by adapting key features from the benchmarked cell using a CAD software. Figure 29 shows the detailed design of the new packaging system. The design incorporated the Six Sigma principles of Poka-Yoke, standardised work, and layout optimisation, all of which aimed to reduce process variation, eliminate waste, and improve operational efficiency.

[image: ]
[bookmark: _Toc198397069][bookmark: _Toc198494599]Figure 29 - New workstation design 
[bookmark: _Toc197888443][bookmark: _Toc198487394]8.3.1 Poka-Yoke Integration
This design incorporates several error-proofing mechanisms to eliminate the reliance on manual inspections and the likelihood of human error. These included implementing a barcode scanning system to ensure that each part, certificate and label matched and met the work order requirements.
In addition, a vision system (1) that uses camera-based Go/No-Go inspection would ensure that the part is being packed correctly such as; checking the correct box is used, tape is included with the part and the label is placed onto the box. 
The barcode scanner is a standalone unit that will be kept in a holder however the vision camera will be fixed above the packing station, shrouded by acrylic so its imaging will not be affected by the environment lighting. The packaging boxes will be placed in fixture that fits the required box and allows the vision camera to perform more accurately (5). 

[bookmark: _Toc197888444][bookmark: _Toc198487395]8.3.2 Standardised Work Implementation
The re-designed bench was created to ensure that all operators completed their tasks consistently. A touchscreen interface (3) would be used to display interactive, step-by-step instructions based on the cutting list, reducing the need for printed manuals and individual interpretation. As well as this, the Poke-Yoke systems will be integrated into the software creating it into a step-locked process. With this implementation, operators must follow the digital work instructions and scan/show the part when they are asked to. 
All essential materials, such as labels, tape, and certificates, would be stored in clearly labelled compartments (2). This arrangement would ensure that each operator carried out the same set of tasks, reducing variability, increasing training effectiveness, and improving process repeatability across shifts. 
There was sufficient space allocated for tools and equipment that are kept on the packing bench, however the organisation of this equipment was not designed in the drawing, and they may need to be re-arranged during pilot trials (5).

[bookmark: _Toc197888445][bookmark: _Toc198487396]8.3.3 Layout Optimisation
Significant changes were also planned for the physical layout of the packaging workstation. Using time and motion analysis, the design repositioned the label and certificate printers into the packaging bench (4), reducing unnecessary travel during the packaging cycle.
Consumables and tools would be placed within the operator's ergonomic reach to improve access and reduce unnecessary motion. The new layout, influenced by the compact and efficient footprint of the 2019 benchmarked packaging cell, was expected to significantly reduce non-value-added activity and contribute to a measurable decrease in total cycle time.


[bookmark: _Toc197888446][bookmark: _Toc198487397]8.4 System Setup and Equipment Testing
To avoid interfering with live production, the proposed improvements were tested in a mock workstation first. A loaned ‘KEYENCE CV-X series Intuitive Vision System’ was configured to perform go/no-go inspections, such as confirming proper box selection, label application, and tape sleeving (Keyence, 2025). Figure 30 shows the Go/No-Go tests that look place. 
[image: ]
[bookmark: _Toc198397070][bookmark: _Toc198494600]Figure 30 - Go/No-Go testing

A 2D matrix barcode scanner, which had previously been implemented in other FSP1 operations, was tested for compatibility with Windows 11 and LabVIEW 2016. It successfully verified part serial numbers against the label and certificate, thereby facilitating traceability and error prevention (Figure 31).
  [bookmark: _Toc198397071][bookmark: _Toc198494601]Figure 31 - Barcode testing

A touchscreen monitor was ordered internally, and prototype software based on the benchmarked cell was installed. This mimicked a cutting list, step-by-step instructions, and sensor-controlled task progression. The project team integrated and monitored all components to ensure they met operational requirements. 

[bookmark: _Toc197888447]

[bookmark: _Toc198487398]8.5 Validation Activities and Results
Following system setup (Figure 32), a series of validation trials were carried out to determine the feasibility and efficiency of the proposed packaging improvements. These tests centred on usability, performance improvement and Poka-Yoke effectiveness.
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[bookmark: _Toc198397072][bookmark: _Toc198494602]Figure 32 - Improve validation set-up

[bookmark: _Toc197888448][bookmark: _Toc198487399]8.5.1 Operator Usability and Workflow Evaluation
Operators interacted with the mock setup by performing simulated packaging tasks on the touchscreen monitor, barcode scanner, and visual camera. Feedback emphasised the clarity of instructions, intuitive layout, and reduced cognitive load. The guided, step-by-step process was well received, indicating high user adaptability.
[bookmark: _Toc197888449][bookmark: _Toc198487400]8.5.2 Time and Motion Comparison
A direct comparison of the current FSP1 process and the improved layout revealed measurable benefits. Removing the manual buddy check and replacing it with visual and scanning controls reduced the average cycle time 13.4 minutes to 8.8 minutes. Furthermore, motion measurements revealed a 10.8 metre reduction in operator movement because of improved bench layout and integrated equipment.
[bookmark: _Toc197888450][bookmark: _Toc198487401]8.5.3 Error Elimination Scenarios
Simulated failure modes (e.g., incorrect part, missing label, missing tape) were used to assess the proposed system's error-detection capability. The barcode scanner and vision camera correctly identified all anomalies, demonstrating the effectiveness of the integrated Poka-Yoke mechanism.
[bookmark: _Toc197888451][bookmark: _Toc198487402]8.5.4 System Integration Testing
Although full integration with Syteline was not possible given project constraints, preliminary tests with temporary software confirmed compatibility with existing data inputs. The system accepted barcode scans and supported label generation, indicating a viable foundation for future integrations.
[bookmark: _Toc197888452][bookmark: _Toc198487403]8.5.5 Summary of validation results 
The results from the trial of this design were very positive and can be seen in Table 8.
[bookmark: _Toc198397675]Table 8 - Validation results
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[bookmark: _Toc197888453][bookmark: _Toc198487404]8.6 Risk Assessment 
A thorough risk assessment was conducted to ensure the viability of the proposed packaging improvements. The assessment aimed to identify risks that could have an impact on implementation, functionality, and long-term operation. This was accomplished by combining a Risk Register with a simplified Failure Modes and Effects Analysis (FMEA).
[bookmark: _Toc197888454][bookmark: _Toc198487405]8.6.1 Risk Register 
A risk register was created to document potential threats to project success, such as technical, operational, and logistical issues (Table 9). Each risk was assessed according to its likelihood and potential impact. Mitigation strategies were then proposed to help reduce exposure (Bell, 2022).
[bookmark: _Toc198397676]Table 9 - Risk register
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[bookmark: _Toc198487406]8.6.2 Failure Mode Element Analysis (FMEA) 
A Failure Modes and Effects Analysis (FMEA) was conducted to identify and mitigate potential risks associated with the proposed improvements to the FSP1 packaging workstation (Table 10). The analysis evaluated failure scenarios across key digital and ergonomic features, including the barcode scanner, vision system, touchscreen interface, and Poka-Yoke elements. Each failure was assessed using Six Sigma risk criteria—Severity (S), Occurrence (O), and Detection (D)—with Risk Priority Numbers (RPNs) used to guide mitigation priorities (Alruqi et al., 2021)
Colour coding was applied to the FMEA using standard Six Sigma thresholds: RPN ≥ 100 (red, high risk), 50–99 (amber, moderate risk), and <50 (green, low risk), allowing for clear visual prioritisation of mitigation efforts.
[bookmark: _Toc197888456]Most failure modes were categorised as moderate risk, with RPNs between 42 and 108. The highest risk—“Operator bypasses scanning or camera check” (RPN 135) and the second highest risk “Step locked process fails to prevent skip” (RPN108) —posed significant quality concerns and these could affect Critical to Quality factors, they were addressed through enforced step-locking, putting a maintenance check in place and refresher training. Other moderate risks, such as camera misalignment (RPN 60) and touchscreen input errors (RPN 96), were mitigated through calibration routines and interface improvements. Even low-risk items, like interface confusion, were incorporated into the improvement strategy to support long-term reliability.
Overall, the FMEA confirmed that, while new technologies posed potential hazards, they were well understood and manageable. Proposed mitigations were targeted, realistic, and, in some cases, validated during pilot testing, indicating that the revised design is ready for adoption.
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[bookmark: _Toc198487407]8.7 Cost benefit analysis 
A detailed cost-benefit analysis was conducted to assess the financial justification for the proposed improvement. This assessment considered the anticipated reduction in labour costs, waste, and rework, as well as the capital and development costs associated with implementing the new packaging workstation (IMD, 2024). In accordance with Six Sigma's data-driven decision-making principles, both quantitative and qualitative factors were evaluated to determine the solution's economic feasibility.
[bookmark: _Toc197888457][bookmark: _Toc198487408]8.7.1 Implementation costs 
The initial cost of implementing the improved workstation were calculated using quotes from supplied for the equipment which can be seen in appendix G and an estimated amount of labour time required to build/implemented the equipment at the standard operating cost of £75.51 (Renishaw, 2024) (Table 11). 
[bookmark: _Toc198397678]Table 11 - Implementation cost
[image: ]
The estimated total investment including equipment and time totalled to £20,933




[bookmark: _Toc197888458][bookmark: _Toc198487409]8.7.2 Operational benefits 
With the secondary data from the measure phase, the operational benefits of the project were estimated (Table 12). 
[bookmark: _Toc198397679]Table 12 - Operational benefits
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The cost-benefit analysis revealed that the proposed improvements could result in significant financial benefits. The estimated annual savings were £137,470 because of shorter cycle times, elimination of rework and customer returns, and reduced overtime requirements. These findings reinforced the project's economic viability and reinforced the case for full implementation.
[bookmark: _Toc197888459][bookmark: _Toc198487410]8.7.3 Return on investment (ROI) and Payback Period 
To determine the financial viability of the proposed improvements, a Return on Investment (ROI) calculation was planned. This metric was chosen to assess the effectiveness of the capital and resource investments required for implementation. The proposed solution's total cost included equipment procurement or loan arrangements, integrated software development, and time set aside by the internal project team for setup and validation.
The anticipated operational savings were derived from reductions in labour time, overtime, rework, and customer return costs, as described in Section 6.6.2. The ROI was calculated based on these recurring annual savings calculated in 6.7.2. 
If the improvements are sustained there will be a ROI of 655% per annum with a payback period of the initial investment with two months. 
[bookmark: _Toc197888460][bookmark: _Toc198487411]8.8 Stakeholder meeting 
Following the completion of the Improve phase, stakeholders attended a review meeting to present the validated improvement concept, associated risk assessments, and financial case for implementation. While the proposed changes were approved in principle, the project sponsor confirmed that immediate implementation was not possible due to funding constraints associated with a current ongoing high-priority project.
As a result, the project was parked rather than terminated. The improvement solution is still documented and validated, and it has been added to the Continuous Improvement register for future deployment. When funds become available, the solution will be ready for immediate implementation with minimal delays.
The Control phase was developed in advance of its eventual implementation. It describes the governance, monitoring methods, and control mechanisms that will keep the process stable and improvements sustainable once the changes are implemented. This forward-thinking approach ensures that the solution is not only ready but also backed by a strong framework for long-term success.



9. [bookmark: _Toc197888461][bookmark: _Toc198487412]Control
The Control phase was designed to ensure that the proposed improvements to the FSP1 packaging operation would be sustained once implemented. While full deployment was postponed due to financial constraints, a proactive control strategy was developed to ensure process stability, quality, and operator compliance once implementation begins. All aspects of the control phase are intended to prevent regression to baseline performance while reinforcing Lean and Six Sigma principles.
[bookmark: _Toc197888462][bookmark: _Toc198487413]9.1 Installation and Commissioning Plan
An Installation and Commissioning Plan was developed to provide a well-covered approach to deploying the new bench once the funds are available. This plan, which was included in Appendix H, outlined key steps such as acquiring the equipment, setup and testing. To avoid operational disruption, installation was recommended to take place during low-production periods (for example, a factory shutdown) (Turner, 2025).
The plan specified the necessary resources, key personnel and a minimum four-day commissioning period. Critical commissioning tests, such as verifying sensor detection logic and barcode scanning accuracy, were also suggested to ensure reliability prior to the process going live. 
[bookmark: _Toc198487414]9.2 Standardisation and Visual Control
Standardisation measures should be developed to maintain consistency and reduce variation once the process is operational (Hessing, 2014a). Revised Standard Operating Procedures (SOPs) should be written and uploaded to the new software to document the entire packaging process, including scanner use, error handling steps, and system interaction. These SOPs will be reinforced with visual controls such as labelled tool placements, workstation layout diagrams, and mounted images of acceptable and unacceptable packaging conditions.
The new workstation design follows 5S principles, ensuring that tools and consumables are stored in clearly marked areas to reduce motion waste and delays. It is critical that 5s check sheets be used to assist operators with their checks, and that 5s workspaces be enforced by production management. 



[bookmark: _Toc198487415]9.3 Operator Training and Knowledge Transfer
A "train-the-trainer" model will be used to ensure that operators are fully capable of performing the new process (Mani, 2024). The Process Engineer will train a designated Trainer, who will then provide on-the-job training to all packaging operators. This approach was chosen to ensure consistency across shifts while also facilitating long-term knowledge transfer.
Practical training will be provided in barcode scanning, system alert interpretation, and the use of vision system outputs. Operators will also be guided through the updated SOPs and shown how to escalate faults. When deemed appropriate by the Trainer, each operator will be considered competent. All training will be documented, with records kept for quality assurance and audit readiness.

[bookmark: _Toc198487416]9.4 Performance Monitoring and Error Prevention
Post-implementation control will be based on two key performance indicators: average cycle time per part and packaging error rate. These indicators are directly related to the project's original goals of increasing efficiency and reducing defects. The new packaging software system will automatically capture performance data (DeLadurantey, 2023). 
Initially, the Process Engineering team will review KPI data daily to ensure early detection of anomalies. Once performance has stabilised, reviews will be conducted on a weekly basis. Eventually, an alert system will be implemented to notify engineering staff when KPIs deviate from expected thresholds, allowing for timely intervention and reinforcing continuous improvement.

[bookmark: _Toc198487417]9.5 Accountability and Routine Discipline
Daily routine control will be implemented via operator checklists that confirm equipment validation, consumable availability, and workstation cleanliness. Operators will complete and sign these checklists at the start of each shift, with Production Supervisors in charge of oversight. This promotes frontline accountability while allowing for early detection of issues like missing tools or scanner misalignment.
The barcode scanner and vision system will undergo preventative maintenance, such as sensor calibration and basic functionality checks. The Engineering team will oversee maintenance quarterly to ensure hardware stability. To effectively manage issues, a tiered escalation structure will be implemented, starting with the operator and progressing to the Lead Operator, Production Trainer, Production Supervisor, and Engineering as needed.

[bookmark: _Toc198487418]9.6 Handover and Sustainability Assurance
Following implementation, the project team's formal handover to the production department will be completed. This handover will include finalised SOPs and work instructions, completed training records, and confirmation that all operators have been certified for the new process. Syteline booking automation will be enabled, and all supporting control documentation will be uploaded to the quality drive for easy access and audit compliance.
To maintain process gains, the Process Engineering team will assist with monthly performance audits and continuous improvement reviews during the initial post-implementation phase.  Where necessary, refresher training will be provided, and any early indications of performance drift will be investigated.  This approach ensures that improvements are not only implemented, but also integrated into daily operations, laying a solid foundation for future scalability.

[bookmark: _Toc198487419]9.7 Change management strategy
To ensure that the proposed improvements are adopted successfully, a structured change management strategy must be implemented alongside the future deployment of the redesigned FSP1 packaging workstation. This strategy would seek to reduce resistance, encourage operator participation, and integrate the improvements into routine practice.
The ADKAR model (Awareness, Desire, Knowledge, Ability, Reinforcement) would provide the guiding framework (Mullins, 2016) (Table 13):
[bookmark: _Toc198397680]Table 13 - ADKAR
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Anticipated challenges, such as resistance to new technology or disruption of familiar routines, would be addressed with clear communication, peer-led training, and assurance that the improvements were intended to supplement rather than replace operator contributions.
Leadership involvement from production management and the project sponsor would be required to reinforce expectations and provide visible support. A defined feedback process and escalation structure would also ensure that concerns were raised and addressed in a timely manner during early implementation.
Integrating a formal change management approach into the control strategy will help to ensure that technical improvements will not only be implemented effectively but also sustained due to operator acceptance and organisational readiness.







[bookmark: _Toc198487420]10. Results and Discussion
The structured application of the DMAIC methodology resulted in several measurable improvements to the FSP1 packaging process. The Define phase defined the business problem, the Measure and Analyse phases quantified inefficiencies and identified root causes, and the Improve and Control phases facilitated solution development and sustainability planning.
The most significant improvement was a 34% reduction in average cycle time per unit, from 13.4 to 8.8 minutes. This result was largely due to the elimination of the buddy check process and an improved workstation layout. Operator motion was also reduced, with the walking distance per packaging cycle dropping from 17.1 meters to 6.3 meters. These changes were consistent with Lean principles by eliminating non-value-adding movement and improving ergonomic flow.
During the validation trials, the error rate was reduced to zero. The original error rate of 17%, which was primarily caused by incorrect labels or mismatched certificates, was eliminated by using barcode scanning and a vision camera for packaging verification. These Poka-Yoke controls replaced manual inspection and increased quality assurance consistency.
Operator engagement was positive, with feedback emphasising improved clarity, reduced mental workload, and confidence in the new digital instruction system. These findings supported the ADKAR model, highlighting the importance of change management in securing adoption.
Financially, the project showed great potential. Annual savings of approximately £137,470 were predicted, with an implementation cost of £20,933. This yielded a projected return on investment of 655% and a two-month payback period.
Although full implementation was delayed due to funding constraints, this allowed the project to be completed earlier than planned. As shown in the original Gantt chart, this change allowed for more time to focus on risk assessments, operator trials, and the development of a full control strategy for future deployment.
The project also addressed a gap in the literature discovered during the early review. Previous research had primarily focused on high-volume or automated settings, whereas this study demonstrated the effective use of Lean Six Sigma tools in a low-volume, manual packaging context. As a result, the findings provide new insights into the viability of structured improvement methodologies in hybrid manual environments.

[bookmark: _Toc198487421]11. Conclusion
This project used the Six Sigma DMAIC framework to reduce inefficiencies in Renishaw's FSP1 packaging operation. The investigation discovered that the main problems of long cycle times, excessive operator motion, and quality variation were caused by poor layout, inconsistent work practices, and reliance on manual error-checking.
The subsequent development of a revised workstation, which included standardised layouts, barcode verification, vision-based error detection, and digital guidance, demonstrated significant process improvements during validation. These improvements included a significant reduction in cycle time, the removal of recorded errors, and increased user satisfaction. The proposed solution was also shown to be financially beneficial, with a high return on investment and minimal capital outlay.
Although implementation was halted due to budget constraints, the project was completed ahead of schedule, allowing for the creation of a detailed control plan and a validated design ready for future use.
In addition to practical results, the study addressed a well-known gap in the academic literature regarding the application of Lean Six Sigma in low-volume, manual operations. By demonstrating the method's effectiveness in this setting, the findings contribute to a better understanding of how structured improvement tools can be used effectively in a variety of manufacturing environments.



12. [bookmark: _Toc198487422]Future Recommendations
The most immediate recommendation from this study is to fully implement the re-designed packaging workstation. This includes setting up the integrated vision camera, barcode scanning unit, and touchscreen work instruction interface. These technologies were validated in mock trials and showed a high potential for reducing variation, increasing operator efficiency, and eliminating packaging defects. Full-scale deployment, once capital funding is available, would allow these benefits to be realised in live production conditions.
The re-designed workstation should also be integrated with Renishaw's resource planning tool, Syteline. This would enable automated job tracking, digital booking, and real-time performance data collection. This integration would increase traceability, improve production scheduling accuracy, and reduce administrative overheads.
Digitising packing documentation could provide even more benefits. Replacing printed certificates with digital records that are automatically linked to part serial numbers would eliminate the risk of paperwork errors even more and lower the operator's administrative burden. This is consistent with the trend towards paperless manufacturing, Renishaw’s drive to becoming net-zero and would help improve traceability across the board.
In terms of physical workflow, the use of semi-automated box folding equipment is recommended. Manual box preparation was one of the longest sub-tasks observed during the Measure phase, contributing to cycle time variability. Using a standardised folding mechanism could reduce manual handling, improve repeatability, and support ergonomic safety objectives.
The creation of live performance dashboards is also strongly recommended. Key performance indicators (KPIs) such as cycle time, error rate, and workstation status would be displayed in real time, providing operators and supervisors with immediate process visibility. This would not only facilitate faster decision-making, but it would also strengthen accountability and promote continuous improvement practices.
In the long run, Renishaw may consider incorporating artificial intelligence into its packaging verification systems. AI-powered image recognition may enable more sophisticated detection of cosmetic or dimensional flaws, especially in high-precision applications where visual quality is critical. Predictive analytics can also be used to anticipate process drift, allowing for proactive interventions.
Finally, the validated DMAIC methodology and design principles used in this project should be considered for use in other manual or semi-manual processes at Renishaw. The issues addressed in the FSP1 packaging cell, such as variation, motion waste, and quality control, are likely to occur in similar operations. Replicating the improvement framework could increase efficiencies and foster a culture of structured, data-driven process improvement throughout the organisation.
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Whys

Root cause analysis

Why 1 | Operators spent time manually searching for labels and certificate.

Why 2 | Labels and certificates were not pre-sorted or readily available.

Why 3 | Lack of organisation within the workstation and setup.

Why 4 | There are no defined procedure or controls for workstation organisation.
Why 5 | Workstation design had not been reviewed or optimised.
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Whys

Root cause analysis

Why 1 | Buddy checks often took several minutes to complete.

Why 2 | The checker had to manually compare multiple documents, labels and parts.
Why 3 | There were no barcode scanners or digital tools available.

Why 4 | Investment in fast checking technology has not been prioritised.

Why 5 | Historically, the risk of error has always been managed through buddy checking

rather than technological upgrades.
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Whys

Root cause analysis

Why 1 | Operators frequently left their station to retrieve tools or consumables.
Why 2 | Essential items did not have designated locations at the workstation.
Why 3 | No standardised layout or replenishment system was implemented.
Why 4 | Ownership for maintaining workstation standards was not assigned.
Why 5 | There was no formal 5S program in place for the packing area.
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Whys

Root cause analysis

Why 1 | Operators selected the wrong certificate during packing

Why 2 | Multiple certificates were printed and brought to the bench in a single batch

Why 3 | Certificates were not printer or stored in a way that kept them clearly separated.

Why 4 | The workstation lacked visual controls or structured method to manage
certificate-part matching.

Why 5 | The packing workstation and process had not been standardised or reviewed

for potential failure points.
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Metric Benchmark Cell | FSP1 (Original Observed
State) Improvement
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Validation area

Outcome

Usability Positive feedback on interface and layout
Cycle Time Reduced from 13.4 to 8.8 minutes
Operator motion Reduced to 6.4 meters

Error detection

All simulated error successfully flagged by scanner and camera

System compatibility

Temporary software compatible with Windows 11 and LabView
2016 inputs.
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Risk description Likelihood | Impact | Mitigation Strategy

Delay in funding or Medium High Create implementation and

procurement commissioning plan for when funding is
available

Operator resistance to Medium Medium | Provide operator training and use

new system change management techniques

Non-conformance during | Low High Ensure document changes and conduct

1SO or internal audit walk through will quality team

Compatibility issues with | Low Medium | Conduct early integration trails using

production systems temporary software

Vision system misreads | Low High Collaborate with Keyence for calibration
and support

Label or barcode Medium Medium | Validate multiple barcode formats and

scanner failure maintain scanner spares

Software instability Low High Phase rollout with ongoing technical

during scale-up

support
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Barcode scanner fails to read
code

Incorrect part or certificate
may be packed

Poor scan quality, dirty
labels, or barcode
misalignment

Barcode scanner tested; labels
pre-verified

Introduce guided rescan prompt; train operators
on label cleanliness and scanner positioning.

Vision camera fails to detect |Incorrect or missing label Camera misalignmentor _ |Shielding installed; go/no-go |5 Enhance camera calibration protocol; install

Iabel or orientation passes through process lighting interference software configured adjustable lighting and conduct regular vision
checks.

Touchscreen fails to guide | Operator misses steps or Software glitch or incorrect | Prototype software tested in |7 Implement software walkthroughs and alert

operator properly follows incorrect sequence  |setup mock setup prompts for missed steps; include operator
training module.

Operator bypasses scanning |Unverified or incorrect item | Lack of training or deliberate |Step-locked process enforced |9 Reinforce process locking via software; conduct

or camera check packed override by software refresher training on poka-yoke systems.

Equipment setup delays full [Project timeline delayed; IT compatibility issues or Mock testing and compatibility |6 Schedule pre-installation IT review; maintain

integration benefits not realised missing approvals checks completed detailed implementation checklist with fallback
plans.

Incorrect touchscreen input |Wrong part selected or User error, unclear interface, | Touchscreen layout tested; pilot|6 Redesign interface with confirmation steps;

by operator incorrect step completed or accidental touches trials conducted conduct usability testing to minimise input errors.

Power outage or hardware _|System downtime and halted |Electrical faults, hardware _|Manual backup process defined;|9 Install Uninterruptible Power Supply (UPS); define

failure packaging operations issues, or unplanned outage |UPS under consideration manual override and emergency SOPs.

Touchscreen freezes or Operator cannot proceed, _|Software crash, outdated | Prototype software tested; |8 restart protocol; log issue for IT; Keep spares

becomes unresponsive leading to downtime firmware, or hardware issue_|restart option included monitors on hand.

Step-locked process fails to | Operator bypasses step due to |Software logic error o signal |Basic lock sequence testedin |9 [Add fail-safe logic; test input validation in live

prevent skip system glitch, unverified delay prototype simulation

packed part
Operator confusion from | Errors or delays in task Ul updated without training | nitial Ul walkthrough provided |4 Use version-controlled rollout with operator alerts
interface changes execution or notice at training and guided demo
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Equipment Equipment Cost (£) | Time to implement (hrs) | Total Cost (£)

Visual camera system 1431 7 1960
Barcode Scanner 1001 5 1379
Touchscreen Monitors 0 2 151
Software 0 120 9061
Development and
integration
Aluminium profile 924 74 5588

frame and materials

Operator training 0 37 2794

Total Cost 20933
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Category 24-25 Baseline | Projected Projected Annual
Baseline | Cost(£) | improvement | yearly cost (£) | Saving (£)
Cycle time 13.2 min 279,332 | 8.8 (33%) 167905 111427
Rework 43 parts 5667 0(100%) 0 5667
Customer 8 parts 15620 0 (100%) 0 15620
retums
Overtime 240 hrs 18122 177 (25%) 13365 4756
Total annual 137470

saving
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Awareness of the need for change would be created through early communication of
project findings, including baseline data and identified inefficiencies.

Desire to support and engage with the change would be fostered by involving operators
in pilot trials and seeking their feedback during the installation phase.

Knowledge would be delivered through a structured “train-the-trainer” approach,
supported by visual work instructions and standard operating procedures.

Ability would be developed through hands-on training sessions using the new equipment
and systems in a controlled rollout.

Reinforcement would be achieved with operator checklists, KPI dashboards, and regular
audits to promote sustained process control.
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Operator movement log
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FSP1 Cutting Bench Installation and Commissioning Plan

1. Introduction
This document outines s cetsied and methosical plan for the instalation snd
‘commissioning ofthe newy designed FSP1 pscksging workstston st Renishaws Miskin
facity. The cbisctiv is 1o snsure  seamisss deployment of the new system without
disrupting exising manufscturing opsraions. It siso ims to mitgate risks, sstablish
stakenolder roles, veldate. equipment functonsify. snd support long-tem process

conirol. This plan adaresses sl fechrical, logisical, snd procedurs! consider

necessary to implament the system efsctvly

2. Scope and Objectives
The scape o tis instalistion plan encampssses the preparaton, physisl nstalltion
system intagration. operstor trsining, and veldstion esting requird to fully deploy the

new FSP1 packaging osll. Objectives inciude:

- Ensuring sl companens are defvered, instalied. and tested sccarding to design
spacifcatons.
- Minimising downtime by sigring installation wit low-actiy periods.
- Demonsirating hrough commissioning tisls thst the squipment functons a3
intended.
- Trining saffto s compatent level bafors handover.
- Implemanting s fasaback mechanism to support continuous improvement afer
gove
3. Pre-Installation Activities

Prior to physicsl nstalltion, severslpreparatory actions are essenti

- A comprehensive inventory check should be conducted to confim the svaisbilty
‘ans conditon of s equipment and tools.

- A detalad design review must valcate the compatity of new harduware wit the
layout ofthe eisting production anvironment.

- Aformal Hazard Identfcation and Risk Assessment (HIRA) should be caried out
o antpate potental safty or operations!ssues

- Any reauired permits, pertculsrly for slectrical snd IT infastructure work, should

be secures i sdvance o avoid celays.
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4. Equipment and Material Requirements
+ Aluminium Profile Workstation Frame: To be manufacturad a5 per design

Spesicatin upon order. Bull plan o be confitmed wit suppler

+ PC and Monitors: Instsled oo th frame post.consiruction. Requires semin

scoass to insall drivers and sensorlscannar software. Order from pul request

business systems sie

+ Barcode Scanner and Vision Sensor To be installed using provided
manufacturer software. No spaciaist enginesrs requirad. RS Order wil arive the

next day.

+ Peripheral Tools: Exsting toois [scissors, hest sesier,rler) wll be repurposed
fom the current workstation. This shouid be dons last o prvent efscing the

cunent operation.

+ Quotations: Allquipment has baen qusted: however, due fo pofetisl expir.
ontactdatais of suppliers il be ncluded fo revaidaton.fprices have risen

significanty, contact intenal ssies dvision.
5. Installation Plan

The instalstion phase wil be planned sirategially fo reduce infererance with scive
operstions. ldealy, this wil be carried out over & schaduled weskend or during snnusl
Shutdown periods. The estimated tme required is four fll werking days. contingent on

resource svaibilty and it acoess.

The core feam wil include the Projeot manager. who il oversee physical integraton
and layout complance: the Lead Development Enginesr, responsible for configuring
Software snd interfacing hardware: and the Subject Matier Expert (SWE). who wil

provide guidance on best practioes. sequencing, and complsnce wih nteral standards.

‘Support from IT snd Business Systems feams wil be crusil fo confgure network
‘scoass, establish [P connectty forvison sensors snd barcode scanners, snd ensure

that admiristratve permissions sre granted for s software nstlltons.
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6. Commissioning and System Validation
This phase snsures the system operstes i accordanse with functonsl and qualty
spacicatons:

6.1 Poka-Yoke System Vaidation

The vison system wil undrgo rigorous festing using controlied scensrios het simulste
eslword defects. Thess include mislsbelled parts, missing certfoatons, ncorrec tape
applicaton. and improper sieeving. Reference images for sach packaging stzp will be
stored snd compsred against the e input rom the vision sensor to valdate relabily
and accurscy.

6.2 Barcode Scanner Tesfing

A sariss of test saril numbers wil be scanned to ensure aceurste detsction, coract
integration with Syteline, and sror-res booking. Plug-and-play functionalty wil be
‘confimad. with contingancy soits svalable should the system fail o s,

6.3 Trial Runs:
The system will undergo st least tres fypes of tisl runs:

- Routine packaging using vald parts.
- Simulsted faut sosnarcs

- Stress testing with igh-throughput cycies.

Resuts wil be dosumentad, and sucesssf tials wil lead o formsl scseptance.

7. Operator Training

Operstor tainig is essentl to ensure ssfe, consisten, snd confident use of the new
System. Traning will ba delivered by the Process Enginser and wil nclude thecretical

and hands-on macules. Theoretcal sassions willcover aperating principles, safaty

‘onsiderstions, eror handiing, snd quliy contol mechanisms.

Practicl sessions wil involve direct use of the system, with live supervision provided
unil the operstor demonsirates competence. Operstors must successfully complete
three independent cycies to be cerfied. Al aining sessions wil be loggec, snd sign-off

Shests wil b stored a5 part of the commissioning documentstion.
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8. Risk Mitigation and Contingency Planning
‘Severa risks have been identifed that couls impact the installstion or commissioning

process:
- Logistics isks, such as delayed orincomplete delveries

- Technicalrisks, including sofware bugs, herdhware falres, o network ssues.
- Humen risks, such as nsuffisient rsining or procedural non-compiiance
Migason sotions include:

- Veritying companent avaiabiity 48 hours prort instal.

- Kasping 8 backup PG with pre-insalid software on standb.

implementing 8 fallback plan t revert o the lagscy system with manusl checks should

ritos!faures oceor.

- Onsite support from the Lead Devalopment Engineer throughout commissioing 1o

rescive sny software anomalies i resktme.

9. System Integration
The integration with Syteline nvolves shifing fom manual operstor logging o automstc:

ransaction recorcing tiggered by barcace scanning.

The Sytelne team wil mocity booking logic o accept dsta from the vision system snd
baroods soanner ss input felds. Fior t actvation. a dry run wil veldate catabss fisld

mapping nd est for end-to-end tracesbity

A successtulintegration wil redue adminisiratve workioad, siminate input erors, snd

improve racestity by cspturing Sme-stamped data st esch packaging oyle.

10. PostInstallation Review

Following instsliaton, & forml postinstaliation review will ba conductad Wit the
Producton Supervisor, Quslfy Assurance Lead, snd relevant siskehoiders. This review
Wil confiem tht sl squipment is functioning 85 expected and that operstors ara fully
‘competent.During the st two weeks, performsnca wil be closely menitored, with  log

maintsined of any system faults, user feaclback, or devistions from standsrd cycle times.
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A final lessonsieamsd session wil document improvements and challenges

encountered. supporting future deployments in oher celssuoh ss FSF2
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