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Abstract
This project investigates and resolves persistent tooling inefficiencies in CNC operations at FSG Tool and Die, one of Europe's leading high-precision manufacturing firms, as such issues directly affect production throughput, quality, and machine availability. Using the Lean 6 Sigma method (define, measure, analyse, improve, and control) framework, the projects targeted extended setup times, tool unavailability, operator variability, and reactive maintenance strategies. Quantitative data collection, root cause analysis, and pilot testing across nine CNC machines guided the identification and resolution of process issues.
Key interventions included deploying standardised operating procedures (SOPs), a digital tooling database, improved layout design, and predictive maintenance protocols. Post implementation data demonstrated substantial performance improvements: average setup times were reduced by approximately 50%, machine utilisation increased by 20%, scrap and rework rates fell from 13% to under 7%, and tools search time was reduced by over 55%. These outcomes were validated through time motion studies, operator interviews, and real-time machine monitoring integrated with digital performance dashboards and tooling traceability software linked to the FSG central database.
The findings are the impact of digital integration, collaborative operator engagement, and process standardisation on enhancing tooling efficiency, process reliability, and production quality. This project offers a replicable framework for continuous improvement in high-mix, low-volume CNC environments and positions the organisation for scalable, data-driven transformation aligned with Industry 4.0 principles.
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[bookmark: _Toc198487502]1.0 Introduction 
Addressing tooling challenges is essential to achieving operational excellence, as effective maintenance and tooling strategies are foundational to reliability, efficiency, and productivity. . The driven CNC manufacturing environment at FSG Tool & Die relies on these things. However, global supply chain disruptions and rising demand for customised tooling have intensified issues with tool access, setup delays, and inconsistent quality. Variability in vendor specifications and limited access to specialised tools further contribute to inefficiencies and downtime.
This project presents a holistic strategy integrating analytical tools, process optimisation, and strategic sourcing to improve tooling resilience significantly. At its core is the implementation of structured maintenance—preventive, predictive, and condition-based—to enhance tool reliability, longevity, and availability. Techniques such as regrinding, lifecycle tracking, and tool life monitoring will be evaluated through cost-benefit analysis, offering a promising path to enhanced efficiency.
Digital tools support identifying and resolving setup bottlenecks, including predictive analytics, inventory forecasting, and process mapping. These tools are envisaged to operate alongside standardised maintenance protocols and lifecycle management to enable real-time, data-driven decision-making. Standard operating procedures (SOPs) and Total Productive Maintenance (TPM) practices, including autonomous maintenance and continuous improvement, will reduce human error and setup variation, ensuring high precision and efficiency. 
By aligning maintenance and tooling strategies with digital insights, FSG Tool & Die has the potential to lower costs, reduce downtime, and improve quality, creating a more efficient and future-ready manufacturing system. As  Outlines, predictive maintenance supported by digital technologies enhances equipment reliability and enables data-driven decisions that improve overall operational performance. This alignment provides a foundation for the proposed changes, instilling confidence in their long-term success.












[bookmark: _Toc198487503]2.0 Background 
Founded in the early 1960s, FSG Tool & Die is Europe’s largest privately owned toolmaker, based in Llantrisant, South Wales. Operating a state-of-the-art facility, the company specialises in high-precision tooling for sectors including can and end tooling, foil and plastic packaging, automotive prototyping, and high-precision machining. Renowned for quality, innovation, and efficiency, FSG partners with major manufacturers such as Tesla, Muller, and Monster Energy. Its proven expertise and commitment to excellence have made it a trusted name across global manufacturing industries.
[bookmark: _Toc198487504]2.1 Problem statement 
FSG Tool & Die faces rising inefficiencies due to the absence of SOPs across CNC operations. Setup times exceed 30 minutes per job, unplanned downtime occurs up to 7 times daily, and scrap rates reach 13% per month, driving up costs and reducing productivity. Without intervention, these issues will continue to hinder quality, capacity, and throughput, ultimately impacting the bottom line. 

















[bookmark: _Toc198487505]3.0 Literature review 
[bookmark: _Toc198487506]3.11 Advancements in Tooling Materials and Coatings
The rapid advancements in tooling materials and coatings have revolutionised modern CNC manufacturing, driven by the need for increased durability, precision, and cost-efficiency. These advancements are particularly crucial in high-performance environments like FSG Tool & Die, where tooling solutions must meet stringent demands for both quality and cost-effectiveness. According to leading tooling providers such as  and. Exemplify the industry's innovations, offering products tailored to various machining environments. These innovations are directly relevant to this project’s aim of improving manufacturing processes at FSG by enhancing tool performance and reducing costs associated with wear, replacement, and setup delays.
[bookmark: _Toc198487507]3.12 Mitsubishi Cutting Tools: High-Performance Coatings
Mitsubishi Materials' “IMPACT MIRACLE” and “SMART MIRACLE” tools use (Aluminium Chromium Nitride) -based nanocrystalline coatings (Aluminium Chromium Nitride), assist in reducing cutting resistance and enhancing stability at high speeds, ideal for machining hardened steels and heat-resistant alloys. These coatings minimise friction and heat, extending tool life in demanding conditions. . 
 Confirm high-temperature wear resistance. .Note their thermal stability, while  Validate their effectiveness in high-speed, precision machining, which is key for FSG.
Nanostructured coatings can extend tool life by 30%, while reduced cutting force and vibration improve surface finish and energy efficiency. This aligns with this project’s goals of increasing operational efficiency and maximising tool longevity within the CNC milling department. 
[bookmark: _Toc198487508]3.13 ZCC Cutting Tools: Cost-Effective Everyday Use
ZCC Cutting Tools provides cost-effective solutions using carbide substrates with PVD (Physical Vapour Deposition) coatings. These tools are well-suited for high-volume, lower-risk operations at FSG, offering a practical alternative to premium options like Mitsubishi’s for general-purpose use.
  highlights advancements in PVD processes, such as improved ionisation and gas selection, that enhance tool durability and performance. These coatings are ideal for standard machining, delivering consistent results at a lower cost.  Supports their use in stable, low-risk applications, where economic efficiency is a priority. For this project, ZCC tools represent a practical strategy for reducing overall tooling costs without compromising reliability in less complex tasks, contributing directly to the cost-saving objectives outlined in the improvement plan. 
For FSG, ZCC tools are practical for routine tasks, avoiding the need for high-cost materials in non-critical operations. Studies show PVD coatings can increase tool life by 15–20% and reduce tooling costs by up to 25% in standard applications (Baptista, 2018). This shows them as financially sound choices for everyday production.
[bookmark: _Toc198487509]3.2 Tooling Theory and Practical Implications
In CNC machining, tooling performance is shaped by the interaction between tool, material, and cutting conditions. Coatings play a critical role in resisting heat and wear caused by friction, with properties like hardness and thermal conductivity directly influencing tool life and efficiency. .
Advancements like nanocrystalline coatings, developed by companies like Mitsubishi, extend tool life while preserving precision. This is vital for high-accuracy environments like FSG Tool & Die, where tool failure can be costly. These coatings also enable optimisation of cutting speed and feed rate, improving overall process efficiency and reducing production costs.
[bookmark: _Toc198487510]3.3 The Role of Digital Technologies in Tool Design and Manufacturing
Integrating digital technologies into tooling design and manufacturing has significantly enhanced precision, flexibility, and responsiveness within CNC environments. From simulation-based design to real-time monitoring, digital tools enable manufacturers to optimise cutting performance, reduce errors, and streamline the tool lifecycle. In the context of FSG Tool & Die, these technologies directly address issues identified in the Measure and Analyse phases—particularly around extended setup times, reactive maintenance, and tooling inconsistencies, as discussed in sections 4.4 and 13.1. 
[bookmark: _Toc198487511]3.31 CAD and simulation tools 
Computer-aided design (CAD) and simulation tools have revolutionised the development of cutting tools. These systems allow virtual testing of tool geometries, cutting paths, and material interactions before physical production, helping reduce lead times and material waste. Digital simulations can accurately predict cutting forces, chip formation, and heat generation, enabling data-informed tool selection and process planning. This aligns with improvements seen during pilot testing at FSG, where time-motion studies revealed that setups became more efficient and accurate when virtual tooling paths and presetting techniques were introduced in 16.3 Pilot Testing and 13.4 Pareto Analysis.
These tools helped reduce SOP deviations and supported the “first-time-right” strategy discussed in the Improvement phase. This connects to Section 16.4.
[bookmark: _Toc198487512]3.34 Computer-aided design/Computer-aided manufacturing integration 
Digital technologies enable direct integration between CAD/CAM software and CNC machines, linking programming to machining. Tooling data, geometry, cutting parameters, and holder configurations can be defined in CAM and sent directly to the CNC controller. Ensuring consistent setups, reducing human error, p time, and eliminating manual tool checks, At FSG Tool & Die, this integration addressed inefficiencies from frequent manual verification, Time-Motion Study Section 9.92. By aligning toolpath data across CAM and CNC interfaces, the company achieved a 50% reduction in average setup time and a measurable increase in machine utilisation during the pilot phase, Section 13.1 and 16.4.



Complementing this is using digital tooling databases, which give teams real-time visibility into tooling inventory across the shop floor. These systems allow operators and programmers to check which tools are readily available. As a result, duplicate ordering and unnecessary vending of additional cutters can be avoided, reducing costs and overheads. Contributing directly to leaner operations, better tool lifecycle management, and agile production scheduling, which are invaluable in environments like FSG, where tooling variation and demand fluctuations are common.
[bookmark: _Toc198487513]3.4 Collaborative tool presetting systems 
By automating tool readiness, collaborative tool presetting systems improve the transition from CAM programming to machining. As toolpaths are created in CAM software, these systems can preset required tools, check availability in real time, and alert operators about missing or specialised equipment. This ensures tool offsets are set in advance, reducing delays and improving communication between programming and shop floor teams.
At FSG, such systems were implemented to streamline setups, minimise downtime, and reinforce standardisation. Solutions from providers like  and allow tool data to be measured offline and transferred digitally to CNC machines, eliminating manual input errors and aligning with Industry 4.0 practices. ;.
[bookmark: _Toc198487514]3.42 Digital twins 
Digital twins replicate physical systems in real time, using sensor data to create virtual models that mirror machine behaviour and performance. . For FSG Tool & Die, where precision and stability are critical, digital twins enable engineers to simulate machining operations before production, identifying tool wear, risks, and performance issues in advance.
Digital twins support real-time monitoring and predictive adjustments when integrated with CNC controls. They can anticipate wear, vibration, or parameter deviations and trigger pre-emptive actions such as adjusting machine settings or alerting operators, reducing tool failure and downtime while extending tool life.
Virtual machining simulations also enhance CNC operations by testing tool paths, cutting forces, and thermal effects. This helps avoid errors, improve stability, reduce setup time, and minimise production delays.
Another significant advantage is predictive maintenance. Digital twins continuously monitor machine and tool health, detecting early signs of wear and forecasting tool life. This allows for proactive maintenance, reducing unscheduled downtime and extending machine longevity. .
Operationally, digital twins streamline setup by simulating full machining processes, requiring fewer adjustments. They also improve quality control by predicting and resolving issues in real time. By using predictive analytics to optimise cutting parameters, FSG can reduce scrap and rework while improving consistency.


[bookmark: _Toc198487515]3.43 Lot-enabled tooling systems 
Lot-enabled tooling systems improve traceability, inventory control, and quality through batch-level tracking and targeted inspections. Embedded sensors enable real-time wear monitoring and predictive maintenance, reducing downtime and preserving quality. . For FSG, these technologies standardise setups, cut costs, and enhance decision-making, aligning with Industry 4.0 and supporting scalable, sustainable growth.
[bookmark: _Toc198487516]3.5 Machine Learning and Artificial Intelligence (AI) in Optimising Machining Parameters
[bookmark: _Toc198487517]3.51 Tooling Influence and Optimisation in CNC Machining
. AI and Machine Learning (ML) have transformed CNC machining by optimising parameters like cutting speed, feed rate, and depth of cut, far beyond traditional trial-and-error or static handbook methods. This is especially valuable for complex, variable, or low-volume production environments like FSG Tool & Die. AI systems learn from real-time data to enhance tool life, reduce cycle time, and improve part quality. . Figure 1- Tool & machine monitoring system Illustrates how such monitoring systems can integrate with FSG’s current workflows.
Tooling directly impacts wear, heat, and cutting force. AI-driven parameter optimisation can reduce tool wear by up to 20% and boost machining efficiency by 15%  , significantly improving overall operational performance.
[bookmark: _Toc198487518]3.52 Adaptive Machining with AI and Machine Learning
AI allows for adaptive machining, where parameters such as spindle speed and feed rate are dynamically adjusted in real time based on tool condition data, including vibration, load, and 3.53 tool wear. Manufacturers can predict the optimal settings for specific materials and geometries by integrating machine learning models. . Highlight that AI systems using algorithms like Support Vector Machines (SVM) and Artificial Neural Networks (ANN) optimise cutting conditions and adapt to changing machine states, improving part quality and reducing downtime. For instance, when tool wear is detected, AI systems can reduce spindle speed or feed rate, extending tool life by up to 25% without compromising product quality. 
[bookmark: _Toc198487519]3.54 Multi-Objective Optimisation and Cost Savings
AI also enables multi-objective optimisation, where multiple, often conflicting goals, such as tool life extension and cycle time reduction, are balanced. Small parameter changes can significantly affect heat generation and part tolerance in the case of high-performance or hard-to-machine materials. AI allows for continuous optimisation, ensuring that optimal conditions are maintained. Not only does this improve the quality and consistency of the final product, but it can also result in direct cost savings by reducing rework rates, energy consumption, and tooling costs. An example of how an AI machine optimisation process flows is shown by Figure 2- Machine parameter optimisation.



[bookmark: _Toc198487520]3.55 Repeatability, Operator Independence, and Process Standardisation
For FSG Tool & Die, integrating AI-driven machining parameters could greatly enhance repeatability and operator independence. By embedding AI-driven optimisation into CAM software or machine interfaces, operators can rely on consistent, real-time parameter adjustments rather than subjective decision-making. This reduces operator variability, ensuring that each shift operates under the same optimal conditions, contributing to process standardisation. With fewer manual adjustments, FSG can achieve more consistent outputs, resulting in fewer defects and improved product quality across shifts.

[image: ]
[bookmark: _Ref197690264][bookmark: _Toc197078918][bookmark: _Toc197083654][bookmark: _Toc197090369][bookmark: _Toc197090767][bookmark: _Ref197873536][bookmark: _Toc197935399]Figure 1- Tool & machine monitoring system
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[bookmark: _Toc197078919][bookmark: _Toc197083655][bookmark: _Toc197090370][bookmark: _Toc197090768][bookmark: _Ref197873643][bookmark: _Toc197935400]Figure 2- Machine parameter optimisation


[bookmark: _Toc198487521]3.6 Process Capability and Traceability in Modern Manufacturing
[bookmark: _Toc198487522]3.61 Understanding Process Capability in CNC Machining
In precision CNC environments like FSG Tool & Die, producing parts within defined tolerances is a core performance metric. Process capability is measured using statistical indicators such as Cp, Cpk, Pp, and Ppk to assess how well machining meets specification limits (ISO 22514-1; . These metrics are critical in high-precision industries, where tight tolerances must be maintained over long production runs. At FSG, enhancing process capability requires tighter control of tooling conditions, machine repeatability, and operator inputs—key factors influencing variation, product quality, and customer satisfaction.
[bookmark: _Toc198487523]3.62 Tooling’s Influence on Process Performance
Tool wear, improper setup, and inconsistent or non-standard tooling affect dimensional variation and process capability. A worn or misaligned tool can result in part deviation, increased scrap rates, and machine downtime. At FSG, where tooling variation between vendors and setups has been a recurring challenge, addressing these inconsistencies is essential. Standardising tool types, digitising tool life tracking, and ensuring proper regrinding cycles are enforced can prevent deviations from tolerances before they impact production.
[bookmark: _Toc198487524]3.63 The Role of Traceability in Quality and Efficiency
Traceability in modern manufacturing extends beyond the part to include tools, machines, programs, and even operator interactions. In high-mix, low-volume environments like FSG, tool traceability supports better quality control, root cause analysis, and compliance with customer and regulatory standards. By digitising tool movements—logging when tools are picked, installed, used, and retired—FSG can comprehensively view each tool's history and its impact on part performance. This enables faster diagnosis of process deviations and supports continuous improvement initiatives. . These systems have been highlighted below through a process map in Figure 3- Tool traceability and process feedback loop. 
[bookmark: _Toc198487525]3.64 Operator Accountability Through Tool Crib Codes
A practical method of enhancing traceability is implementing individual tool crib codes for each operator. These codes link tool withdrawals and usage directly to personnel, creating a digital footprint of who uses what and when. Over time, this enables the analysis of tooling consumption patterns across shifts or departments, helping identify causes of excessive tool wear or frequent tool breakages. For FSG, this can lead to more informed training interventions, process adjustments, and better budgeting of tooling costs over the calendar year.
[bookmark: _Toc198487526]3.65 Data-Driven Process Monitoring and Root Cause Analysis
Manufacturers can build a closed feedback loop by integrating traceability systems with real-time machine monitoring and quality control. For instance, if dimensional drift is observed in production, data can be used to trace the issue back to a specific tool batch, operator, or machine condition. This connection between traceability and process monitoring allows for accurate root cause analysis and proactive corrections. For FSG, these systems would enhance both short-term troubleshooting and long-term process optimisation.
[image: A diagram of a process flow
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[bookmark: _Toc197078920][bookmark: _Toc197083656][bookmark: _Toc197090371][bookmark: _Toc197090769][bookmark: _Ref197873753][bookmark: _Toc197935401]Figure 3- Tool traceability and process feedback loop
[bookmark: _Toc198487527]3.7 Futureproofing: Tooling Systems in the Context of Industry 4.0
[bookmark: _Toc198487528]3.71 Sustainability and Circular Tooling Strategies
One critical aspect of futureproofing is the move toward sustainable tooling practices. This includes implementing regrinding and reconditioning programs, which extend tool life and reduce the frequency of new tool purchases. Beyond cost savings, these practices support environmental goals by reducing material waste and lowering the carbon footprint associated with frequent tool disposal and procurement, as highlighted in Figure 4- Futureproofing roadmap for tooling companies like  and , already offer circular tooling models, which align with global trends in sustainable manufacturing and could provide a template for FSG to adopt or benchmark against.
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[bookmark: _Toc197078921][bookmark: _Toc197083657][bookmark: _Toc197090372][bookmark: _Toc197090770][bookmark: _Ref197873877][bookmark: _Toc197935402]Figure 4- Futureproofing roadmap for tooling




[bookmark: _Toc198487529]3.72 Circular Tooling Models
· Circular tooling refers to the design and use of tools and manufacturing methods that support the circular economy — an economic model focused on minimising waste and reusing resources.
· Tooling models are digital or physical representations of tools used in manufacturing.
· Together, circular tooling models could mean engineering models or frameworks for designing tooling that supports sustainability, reuse, and remanufacturing.
[bookmark: _Toc198487530]3.73 Standardisation and Interoperability
Standardising tool types, holders, and databases ensures consistency across machines and shifts, enabling FSG to reduce setup time and improve inventory management. Utilising tool data formats such as ISO 13399, which facilitates the digital exchange of tool information across software platforms, helps ensure interoperability as systems evolve. This reduces reliance on manual updates and allows for easier future integration with CAM (computer-aided manufacturing, MES (manufacturing execution system), and ERP (enterprise resource planning systems, critical for supporting scalability and workforce transition as experienced operators retire and new talent enters.

















[bookmark: _Toc198487531]4.0 Methodology 
This project adopts the DMAIC methodology—a structured, data-driven approach rooted in Lean Six Sigma principles—to identify, analyse, and resolve tooling inefficiencies at FSG Tool & Die. Figure 5- DMAIC framework Enables a systematic examination of current practices, facilitates evidence-based decision-making, and supports the implementation of sustainable process improvements in tooling management and machine operations.
[bookmark: _Toc198487532]4.1 Define
The Define phase focuses on establishing the scope of the problem, setting project goals, and identifying critical-to-quality (CTQ) parameters. Key issues—such as non-standardised tool setting, tool unavailability, and excessive setup times—will be documented through interviews, surveys, and preliminary data review. A project charter will be developed, outlining objectives, timelines, and key performance indicators (KPIS), including tool downtime, setup duration, and defect rates.
[bookmark: _Toc198487533]4.2 Measure
Current-state performance will be quantified during the Measure phase to establish baseline metrics. Data will be collected from machine logs, tool usage reports, and production downtime records. This phase will also include time studies and operator feedback to assess tool setting and preparation variability. In parallel, maintenance logs and inventory records will be analysed to evaluate the frequency and effectiveness of current regrinding and tool replacement practices.
[bookmark: _Toc198487534]4.3 Analyse
The analysis phase will identify root causes of inefficiencies using tools such as Pareto analysis, fishbone diagrams, and failure mode and effects analysis (FMEA). Special attention will be given to tool availability bottlenecks, operator practice inconsistencies, and the impact of non-standard tooling from diverse vendors. Tool life data and usage patterns will also be assessed to evaluate the potential benefits of implementing predictive maintenance and regrinding programs.
[bookmark: _4.4_Improve][bookmark: _Toc198487535]4.4 Improve
This phase will explore and test potential solutions to address the identified root causes. Proposed improvements include:
· Development of standard operating procedures (SOPS) for tool setting and handling
· Implementation of inventory forecasting models for tooling demand
· Integration of a regrinding and tool repurposing program
· Adoption of Total Productive Maintenance (TPM) practices and predictive maintenance tools
Proposed interventions will be validated using cost-benefit analysis and process simulations, and pilot implementations will be conducted in selected machining cells to test their effectiveness.
[bookmark: _Toc198487536]4.5 Control
In the Control phase, measures will be implemented to sustain improvements over time. Control plans will be developed, incorporating monitoring systems, checklists, and ongoing operator training. A dashboard will be proposed to track key metrics such as setup times, tool availability, and maintenance compliance. Additionally, a feedback mechanism will continuously refine SOPS and maintenance strategies as new data becomes available.
Following the DMAIC framework, this methodology ensures that the project maintains a disciplined approach to problem-solving while delivering measurable, long-term improvements to FSG Tool & Die’s CNC tooling and maintenance processes.
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[bookmark: _Toc197078922][bookmark: _Toc197083658][bookmark: _Toc197090373][bookmark: _Toc197090771][bookmark: _Ref197873907][bookmark: _Toc197935403]Figure 5- DMAIC framework


















[bookmark: _Toc198487537]5.0 Defining the problem 
With the current CNC manufacturing landscape at FSG Tool & Die, this project optimises CNC milling processes by addressing tooling availability, standardisation, tool setting, and maintenance practices. These inefficiencies delay production, reduce capacity, and increase setup time. Each impact results in tangible losses, which are common problems in the manufacturing sector when similar tooling and production constraints are present. 
[bookmark: _Toc198487538]5.1 Project scope 
	In-Scope:

	CNC milling processes and workflows

	Tooling inventory and availability management

	Tool setting and operator practices

	Maintenance strategies related to CNC equipment

	Out-of-Scope:

	Other manufacturing processes (e.g. EDM, forming)

	Tooling issues unrelated to milling operations

	External logistics or client-side delays


[bookmark: _Toc197691827][bookmark: _Toc197934774][bookmark: _Toc197935419]Table 1- Project scope
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[bookmark: _Toc197078923][bookmark: _Toc197083659][bookmark: _Toc197090374][bookmark: _Toc197090772][bookmark: _Ref197873963][bookmark: _Ref197874899][bookmark: _Toc197935404]Figure 6- SIPOC diagram
Figure 6- SIPOC diagram Illustrates the key elements and stakeholders involved in the CNC milling workflow, helping define the scope of the tooling process under analysis.





[bookmark: _Toc198487539]6.0 Voice of the Customer (VOC) and Critical-to-Quality (CTQ) Parameters
Feedback was gathered from frontline CNC operators and production supervisors to align the project with stakeholder expectations and production objectives, as seen in Table 2- VOC of the customer. (See appendix A for complete questionnaire) The following themes emerged as critical areas needing improvement:
[image: Generated image]
[bookmark: _Toc197691828][bookmark: _Ref197874014][bookmark: _Ref197874059][bookmark: _Toc197934775][bookmark: _Toc197935420]Table 2- VOC of the customer
[bookmark: _Toc198487540]6.1 Gemba Walk / Operator Interview Summary
	Worker
	Q1: How likely are you to work more efficiently with the proposed project implemented?
	Q2: With readily available resources and tools, how likely is this to increase throughput?
	Q3: How likely are these changes to increase your work ethic within the workplace?

	Worker 1
	Likely
	Likely
	Likely

	Worker 2
	Very Likely
	Likely
	Likely

	Worker 3
	Likely
	Very Likely
	Likely

	Worker 4
	Very Likely
	Likely
	Very Likely

	Worker 5
	Likely
	Very Likely
	Likely

	Worker 6
	Very Likely
	Very Likely
	Likely

	Worker 7
	Likely
	Likely
	Very Likely

	Worker 8
	Very Likely
	Very Likely
	Very Likely

	Worker 9
	Likely
	Very Likely
	Very Likely


[bookmark: _Toc197934776][bookmark: _Toc197935421]Table 3- Likert scale
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[bookmark: _Toc197691830][bookmark: _Toc197934777][bookmark: _Toc197935422]Table 4- Likert scale key

6.2 Key Findings:
· 100% of respondents believe the changes are Likely or Very Likely to improve efficiency.
· 89% expect throughput improvements with better tooling access and layout.
· 78% anticipate a morale boost or stronger work ethic due to the project.

The results of Table 2- VOC of the customer Error! Reference source not found. Support the proposed interventions and underscore frontline engagement as a critical success factor. The overwhelmingly positive outlook also suggests strong acceptance, which bodes well for long-term adherence to new SOPS and standardisation efforts.












[bookmark: _Toc198487541]7.0 Baseline performance indicators 
Table 5- Baseline KPI indicator This summary summarises key baseline performance indicators relevant to the current state of CNC tooling operations. These metrics are the foundation for comparison during the project's Measure and Improve phases.
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[bookmark: _Toc197691831][bookmark: _Ref197874100][bookmark: _Ref197874763][bookmark: _Ref197929567][bookmark: _Ref197929919][bookmark: _Toc197934778][bookmark: _Toc197935423]Table 5- Baseline KPI indicator

[bookmark: _Toc198487542]7.1 Tool Availability 
Tool availability has become a pressing issue for FSG Tool & Die, primarily due to global supply chain disruptions that have created delays in the delivery of critical tooling components, such as cutting inserts, holders, and custom cutters. According to. Supply chain instability can drastically reduce adequate manufacturing capacity, as machines are often left idle while waiting for necessary tooling, thus interrupting the planned production schedule. For FSG, this means extended downtime, directly lowering machine utilisation rates and diminishing the company’s ability to meet customer demand effectively.
[bookmark: _Toc198487543]7.2 Standardisation
FSG Tool & Die experiences inefficiencies due to non-standardised CNC tooling, where unique setups and proprietary tools increase setup errors, calibration issues, and quality failures. . Report that standardisation can reduce errors by up to 30%.
Operators frequently face delays from incompatible tooling interfaces, requiring reconfigurations that raise defect risks. . Non-standardisation can increase rework costs by 20%, directly affecting efficiency.
Implementing standard tools and procedures streamlines setups, reduces variation, and enhances accuracy. .Note that standardisation can reduce setup time by 15%, accelerating production and improving consistency.
By adopting uniform tooling systems, FSG can minimise rework, improve quality, and cut setup time, leading to smoother operations and substantial cost savings.
[bookmark: _Toc198487544]7.3 Tool Setting
Tool setting involves aligning and calibrating tools with precise accuracy, which is crucial in CNC manufacturing but remains a largely manual process at FSG Tool & Die. The absence of fully automated tool-setting systems prolongs setup times and adds to the potential for human error. Extended setup times are known to reduce operational efficiency and limit adequate capacity, as described by , who found that manual tool setup contributes to a 15-30% increase in machine downtime across the industry. For FSG, prolonged setup times delay production cycles, bottleneck operations, and further reduce overall productivity. As part geometries become more complex, the precision required for accurate tool setting has become even more demanding, yet FSG’s current processes are struggling to keep up with these demands.
[bookmark: _Toc198487545]7.4 Predictive maintenance 
FSG Tool & Die’s reliance on reactive maintenance presents growing risks, especially as modern CNC machines approach a critical point in their lifecycle. Compared to reactive approaches, proactive maintenance could extend their operational life by up to 10 years. .
Daily maintenance is often assigned to apprentices, leading to superficial checks and signalling organisational resistance to a structured strategy.. Change management framework emphasises that aligning change with clear business outcomes, like reducing downtime and boosting reliability, can ease this resistance.
Predictive maintenance offers a compelling alternative. It can reduce unscheduled downtime by up to 30% and maintenance costs by 25% . Technologies such as vibration sensors and thermographic imaging enable early wear detection, allowing for timely intervention before breakdowns occur.
A tiered strategy combining condition-based monitoring, performance analysis, and scheduled interventions is essential. Unlike routine checks, condition-based systems use real-time data to trigger maintenance only when needed. Performance analytics help identify failure patterns, while scheduled tasks minimise disruption.
Though often viewed as a cost, investing in skilled personnel, diagnostic tools, and monitoring platforms is strategic. It extends equipment life and lowers the total cost of ownership. . Predictive analytics ensures timely, data-driven responses to emerging issues.
Integrating digital twin technology enhances this further. By simulating machine performance in real time, FSG can forecast tool wear and act pre-emptively, cutting downtime and improving reliability .
A gradual shift to predictive maintenance, supported by technology and training, will drive efficiency, reduce costs, and embed a culture of proactive performance.
[bookmark: _Toc198487546]7.5 Maintenance Log Summary 
Below, Table 6- Current maintenance regime                                                   Table 7- revised maintenance regime The current and revised maintenance regimes align with the motion study and re-work metrics. The re-worked maintenance schedule ensures all aspects of the manufacturing process are tended to, from tooling to filters and machine calibration. 
According to . Organisations adopting structured predictive maintenance reduce unplanned downtime by up to 40% and extend machine lifespan by 20–30%.
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[bookmark: _Toc197691832][bookmark: _Ref197874453][bookmark: _Toc197934779][bookmark: _Toc197935424]Table 6- Current maintenance regime                                                   Table 7- revised maintenance regime

[bookmark: _Toc198487547]7.6 Impact on Capacity, Quality, and Setup Times
Tooling issues—unavailability, non-standardisation, and setup inconsistencies—reduce capacity, increase machine downtime, and drive up rework costs. These inefficiencies extend setup times and limit productive hours, contributing to delays and higher costs typical in CNC manufacturing.
Beyond tooling, operator efficiency significantly affects performance. Skills, training, and practices influence setup time, machine utilisation, and output quality, with efficient operators minimising downtime and improving productivity.
[bookmark: _Toc198487548]7.7 Operator efficiency & Machine Capacity
Operator efficiency affects how quickly and accurately setups, tool changes, and program adjustments can be executed, impacting machine capacity. Skilled operators are not only more efficient in handling machine interfaces. However, they are adept at troubleshooting issues, performing routine maintenance, and making on-the-fly adjustments that prevent machine stoppages and enhance uptime. According to, operator experience and expertise can increase machine capacity utilisation by up to 20%, as proficient operators minimise idle time and ensure that machines remain productive. At FSG Tool & Die, where diverse tooling setups are standard, efficient operator practices can significantly reduce idle machine time, offsetting some of the challenges caused by tool availability and standardisation.
[bookmark: _Toc198487549]7.8 Processes & Setup Times
Operator efficiency is crucial during the setup phase, where precision, speed, and accuracy are essential. Experienced operators can reduce setup times through practised, systematic approaches to tool setting, calibration, and alignment. This is especially relevant for FSG, where the setup process is often manual and requires precise adjustments. Studies indicate that efficient operator workflows can reduce setup times by as much as 30%, as experienced operators use streamlined processes to achieve the required setup configurations more efficiently . At FSG, this efficiency could mitigate the longer setup times associated with non-standardised tooling and partially manual tool setting, allowing the company to maintain higher adequate capacity.
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[bookmark: _Toc197090773][bookmark: _Ref197874549][bookmark: _Toc197935405]Figure 7-Milling department process map
Figure 7-Milling department process map Illustrates the phases the milling department goes through when manufacturing from the first to the last stages.














[bookmark: _Toc198487550]8.0 Project charter 
Optimising CNC Tooling Efficiency through Standardisation and Predictive Maintenance Strategies at FSG Tool & Die, 
[bookmark: _Toc198487551]8.1 Problem statement 
FSG tool and die are experiencing operational deficiencies throughout the manufacturing processes, centred around the milling department, due to the lack of standard operating procedures, inconsistent tool setting practices, limited tooling availability, and underdeveloped maintenance routines. These issues result in extended setup times, increased downtime, frequent quality deviations, and diminished machine utilisation, all contributing to production delays and rising operational costs.
[image: ]
[bookmark: _Toc197691833][bookmark: _Toc197934780][bookmark: _Toc197935425]Table 8- Project charter
[bookmark: _Toc198487552]8.2 Goal statement 
The goal is to reduce setup time by 30%, increase tooling availability by over 50%, and reduce tooling availability issues by 25% within the time frame below. This will be achieved through standard operating procedures (SOPS), predictive maintenance tools, and data-driven inventory strategies. 







[bookmark: _Toc198487553]8.3 Stakeholder Responsibilities: RACI Chart
The Figure 8-RACI chart This document outlines stakeholder responsibilities throughout the CNC tooling optimisation project to ensure clarity of roles and effective project execution. It identifies who is responsible (R), accountable (A), consultable (C), and informed (I) for each key activity.
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[bookmark: _Toc197090775][bookmark: _Ref197874612][bookmark: _Ref197930005][bookmark: _Toc197935406]Figure 8-RACI chart
[bookmark: _Toc198487554]8.4 Project timeline 
The integrated Figure 9-Project timeline The Gantt chart below outlines the complete project timeline alongside the dissertation write-up. Project phases—including planning, design, testing, and deployment—are aligned with corresponding dissertation components, such as the literature review, methodology chapter, and final editing. This structured and synchronised timeline ensures a cohesive development process, promoting effective time management and allowing the report to evolve alongside practical project milestones.
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[bookmark: _Toc197090776][bookmark: _Ref197874630][bookmark: _Ref197929587][bookmark: _Toc197935407]Figure 9-Project timeline
[bookmark: _Toc198487555]9.0 Measure phase- establishing a baseline of performance and current state- analysis
As outlined in Table 5- Baseline KPI indicator In the define phase, key metrics such as machine utilisation, defect rates, and setup times provide a benchmark against which all future data and analysis will be referenced. This project phase focuses on capturing accurate real-time data to validate performance data and identify process capability. 
[bookmark: _Toc198487556]9.1 Current state process mapping 
As touched on in the define phase, the monetisation of current processes is the foundation upon which change can be implemented. Below is a process map of the process seen on the shop floor for every job that goes through the section. 
[image: ]From Figure 11- current state process mapping, bottlenecks can be highlighted and shown below. [bookmark: _Toc197090777][bookmark: _Toc197935408]Figure 10-Current state process mapping


1. Tool availability (a key inefficiency if tooling is not standardised)

2. Searching for alternative tooling to save costs, this only highlights the impact of SOP being absent within the process.


3. Manual tool setting, which highlights the potential errors and delays 









Figure 11- current state process mapping, complements and continues, Figure 6- SIPOC diagram By providing a more localised, step-by-step representation of the CNC milling workflow. While the SIPOC captures supplier-customer interactions, the process map outlines the actual ground sequence of activities, exposing practical inefficiencies and bottlenecks at operator and tooling interface points. The identified bottlenecks—such as inconsistent tool setting, tool unavailability, and untracked rework—directly align with the quality and delay issues surfaced in the flowchart analysis Figure 11, current state process mapping.
[bookmark: _9.2_Data_collection][bookmark: _Toc198487557]9.2 Data collection plan
A targeted data collection strategy was deployed to support this project’s investigation into CNC setup inefficiencies at FSG Tool & Die. Data was gathered before, during, and after an experimental intervention introducing standardised tooling, SOPS for repeat jobs, and optimised facility layout adjustments. The aim was to observe the measurable impact of these improvements on setup time, tooling inefficiencies, and machine capacity utilisation.
[bookmark: _Toc198487558]9.3 Purpose
This plan provides evidence to:
· Benchmark existing inefficiencies
· Validate the impact of process changes
· Enable informed decision-making in the Analyse and Improve phases
[bookmark: _Toc198487559]9.4 Experimental focus area 
Standardised Tooling: Identical toolsets installed and preset across all CNC machines to reduce changeovers and setup discrepancies.
SOP Implementation: Documented workflows for repeat jobs to minimise variability and operator interpretation.
Facility Layout Optimisation: Tools relocated to reduce walking distance and eliminate unnecessary movement during setup phases.
[bookmark: _Toc198487560]9.5 Data collection overview 
[image: A white sheet with black text

AI-generated content may be incorrect.]
[bookmark: _Toc197691834][bookmark: _Toc197934781][bookmark: _Toc197935426]Table 9- Data collection overview
[bookmark: _Toc198487561]9.6 Data collection protocols 
· Pre- and post-intervention comparisons were standardised using the same job types, machine models, and shift conditions.
· Time-motion studies were recorded over multiple shifts to account for variability in operator technique.
· SOP compliance was monitored via supervisor audits and real-time walkthroughs.
[bookmark: _Toc198487562]9.7 Metrics Definition & Calculation
Table 10- Metrics definition & calculation Below is how each traceable term was defined and measured during the FSG Tool & Die testing. 
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[bookmark: _Toc197691835][bookmark: _Ref197874982][bookmark: _Toc197934782][bookmark: _Toc197935427]Table 10- Metrics definition & calculation
[bookmark: _Toc198487563]9.8 Data validity and reliability 
Ensuring the data collected is reliable and definitive will allow for meaningful project data analysis. This stage will outline the stages taken to validate the data presented and ensure it accurately represents the current manufacturing state at FSG Tool & Die. 
[bookmark: _Toc198487564]9.9 Data validity 
Table 11- Data validity Refers to how the collected data accurately reflects the real-world processes intended to be measured. Several strategies were employed to improve validity:
		Aspect
	Details

	Triangulation
	Cross-verified data via operator logs, machine reports, and direct observations.

	Live Experimentation
	Conducted under actual production conditions for ecological validity.

	Metric Alignment
	Conformed to defined KPIS from the baseline performance section to ensure consistency.

	Operator Input
	Feedback is integrated to validate observed delays and layout inefficiencies.





[bookmark: _Toc197691836][bookmark: _Ref197875076][bookmark: _Toc197934783][bookmark: _Toc197935428]Table 11- Data validity





[bookmark: _Toc198487565]9.91 Data reliability 
	Reliability Measure
	Description

	Consistent Tools
	Digital timers and mapping apps are used uniformly across all shifts.

	Standardised Protocols
	Observers used a structured checklist to ensure uniform data capture.

	Shift-Based Sampling
	Observations repeated across various shifts to account for production variance.

	Trained Observers
	Data collectors were briefed on metrics and observation standards.


[bookmark: _Toc197691837][bookmark: _Toc197934784][bookmark: _Toc197935429]Table 12- Data reliability
[bookmark: _Toc198487566]9.92 Time motion study 
Table 13- Time motion study Below summarises the core performance comparators made before and after implementing the tooling standardisation, SOP on repeat work, and facility layout optimisation at FSG Tool &Die. These metrics offer a consolidated view of a project's effectiveness across setup efficiency, tool readiness, machine capacity, and operational reliability. Quantitative improvements, such as reducing average setup time and tool search duration, demonstrate the tangible benefits of the process interventions. Additionally, qualitative improvements, including fewer SOP deviations and reduced emergency downtimes, reflect broader systemic gains in consistency and process control.
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[bookmark: _Toc197691838][bookmark: _Ref197888864][bookmark: _Ref197888995][bookmark: _Toc197934785][bookmark: _Toc197935430]Table 13- Time motion study



[bookmark: _Toc198487567]9.93 Planned downtime 
Figure 11-Planned downtime Highlights the before-and-after average time spent searching for tooling throughout an eight-hour working day. 
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[bookmark: _Toc197090778][bookmark: _Ref197888900][bookmark: _Toc197935409]Figure 11-Planned downtime
[bookmark: _Toc198487568]9.94 Summary of Rework/ Scrap Rate
Table 14- summary of scrap rate seen last month, with the main points highlighted and put into a table format. Additionally, a portion of the quality report has been attached below to showcase the reasoning and the department at fault for each part written up. 
		· Total Jobs Completed
	100




		· Total Rework/ Scrap Incidents
	13




		· Rework/ Scrap Cost
	£6,460




		· Average Cost per Incident
	£497




		· Rework/ Scrap Rate
	13%




		· Primary Root Causes
	Operator error, tooling issues, misaligned CNC data, and drawing misinterpretation





[bookmark: _Toc197691839][bookmark: _Ref197888928][bookmark: _Toc197934786][bookmark: _Toc197935431]Table 14- summary of scrap rate
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[bookmark: _Toc197691840][bookmark: _Toc197934787][bookmark: _Toc197935432]Table 15- Description of re-work/ scrap

[bookmark: _Toc198487569]10.0 Facility layout 
As highlighted in Table 13- Time motion study The distance travelled per operator was a hindering factor in tackling efficiency throughout manufacturing. Below is a schematic of the facility with an in-depth look at the before-and-after of the milling section, where the process changes had been implemented. All changes are labelled in red below, see (Appendix B-C) for full view.
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[bookmark: _Toc197090779][bookmark: _Toc197935410]Figure 12-FSG facility layout
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[bookmark: _Toc197090780][bookmark: _Toc197935411]Figure 13- Milling department facility layout                                                               Figure 14- Facility layout key






[bookmark: _Toc198487570]11.0 Lean Waste Identification and Impact Analysis
To further quantify the inefficiencies of the current manufacturing process, a lean waste assessment was carried out using the seven wastes of lean principles. The diagnosis supports the broader objective of reducing non-value-adding activities and aligns with the goals outlined in previous sections of the measure phase. Each waste category, from excess motion to defects, was evaluated based on direct observations, operator feedback, and time motion data collected during the intervention. 
The following Table 16- Assessment of the seven wastes This analysis summarises key waste types identified, their causes, and the proposed countermeasures already initiated or under development at FSG Tool & Die. It provides a structured foundation for the subsequent root cause investigation during the Analyse phase.
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[bookmark: _Toc197691841][bookmark: _Ref197889028][bookmark: _Toc197934788][bookmark: _Toc197935433]Table 16- Assessment of the seven wastes
[bookmark: _Toc198487571]11.1 Process capability- setup time 
A process capability analysis was conducted to assess the repeatability and stability of the revised tooling setup process. The goal was to determine how consistently operators could complete setups within the defined acceptable range following the intervention.
Based on post-implementation expectations, an acceptable range of 15 to 20 minutes was established. A bell curve of the setup time distribution is shown by Figure 15-- post-intervention setup times Below:
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[bookmark: _Toc197090781][bookmark: _Ref197889062][bookmark: _Toc197935412]Figure 15-- post-intervention setup times
[bookmark: _Toc198487572]11.2 Cycle Time Breakdown
A cycle time analysis compared machine and procedure utilisation before and after implementing changes. This breakdown provides visibility into the efficiency gains achieved through the process improvements implemented throughout the FSG Tool & Die manufacturing process.
[image: ]
[bookmark: _Toc197090782][bookmark: _Ref197889336][bookmark: _Toc197935413]Figure 16- Cycle time breakdown
[bookmark: _Toc198487573]11.3 Limitations of Measurement
While the measurement phase was designed to capture accurate and repeatable data, certain limitations were unavoidable due to the nature of CNC operations at FSG Tool & Die. The primary challenge was job variation—differences in complexity, material, and required tooling introduced inconsistencies across shifts. Operator variability also affected some results, despite attempts to standardise observations and procedures. Furthermore, external disruptions such as urgent re-prioritisation of jobs or unplanned supplier delays occasionally interrupted the data collection schedule. Although these factors were partially controlled through repeated observations and triangulation, their potential influence on setup time, rework rates, and machine utilisation must be acknowledged when interpreting outcomes.
[bookmark: _Toc198487574]11.4 Linking Key Metrics to Root Causes and Phase Impact
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[bookmark: _Toc197691842][bookmark: _Ref197889124]Table 18- Linking metrics to root cause analysis
Table 17- Impact summary on key metrics. This approach connects CNC process inefficiencies to their underlying causes by mapping key metrics, such as setup time, tool search duration, machine utilisation, and scrap/rework rates, to issues like non-standardised tooling, decentralised storage, and reactive maintenance. These metrics, selected from Measure phase data, operator input, and time-motion studies, guide the Analyse phase by highlighting high-impact problem areas. This mapping narrows the focus, grounds data in real-world behaviour, and identifies where tools like Fishbone Diagrams, Pareto Charts, and FMEA will be most effective. It marks a shift from observing symptoms to diagnosing root causes, core to the DMAIC.

























[bookmark: _Toc198487575]12.0 Analysing the data 
[bookmark: _Toc198487576]12.1 Root Cause Analysis of CNC Manufacturing Inefficiencies at FSG Tool & Die
A combined analytical approach investigated the key inefficiencies affecting CNC manufacturing at FSG Tool & Die. Using Fishbone diagrams, Pareto analysis, Failure Mode and Effects Analysis (FMEA), and the Five Whys technique, the study identified the root causes of prolonged setup times, tool unavailability, high scrap rates, and inconsistent operations.
12.2 Key Root Causes Identified:
1. Tool Unavailability – Missing or unprepared tools delay setups.
2. Non-Standard Tooling – Each machine required unique setups, reducing repeatability.
3. Manual Tool Setting – In-machine manual adjustments caused inefficiencies.
4. Reactive Maintenance – Fixes occurred after breakdowns rather than proactively.
5. Operator Variability – Lack of SOP adherence and training led to inconsistency.
12.3 Analytical Tools Applied
The Fishbone diagram categorises causes across Machines, Methods, Materials, and People (ASQ, n.d.). Under Materials, tool unavailability emerged as a key factor; manual tool setting and lack of standard procedures were critical contributors under Methods.
Figure 16- Cycle time breakdown Quantified these issues, showing that tooling-related delays and reactive maintenance accounted for ~70% of total downtime, aligning with the 80/20 principle. Focusing on these “vital few” offered the most significant improvement potential.
FMEA evaluated risks across the setup and maintenance processes. Issues such as unavailable tooling (RPN 252) and reactive maintenance (RPN 252) carried high severity and occurrence. Other significant risks included non-standard tool setups (RPN 240) and operator CNC errors (RPN 150).
Using the Five Whys tool, unavailability was traced to the absence of a standardised tooling management system. Manual tool setting persisted due to no investment in a tool pre-setter. Reactive maintenance was tied to a lack of preventive planning. Operator inconsistencies stemmed from unclear or missing SOPS.
12.4 Tool Unavailability and Non-Standard Tooling
Operators reported spending 45–75 minutes/day searching for tools, adding excessive setup time. Introducing standardised toolkits and a preloading system eliminated these delays. Preloading improved from 5–6 tools to 10–12 tools per job, reducing setup time from 30–45 minutes to 15–20 minutes (~50% reduction), with increased machine utilisation from ~60% to ~80%. This aligns with lean principles of tool readiness and standardisation. ; 
 12.5 Manual Tool Setting
Manual in-machine tool settings caused inconsistencies and extended setups. Implementing an offline tool presetting standardised tool offsets cuts setup time by up to 70% , reducing operator variability and improving first-part quality.
12.6  Reactive Maintenance
Maintenance logs showed emergency breakdowns (5–7 per month) accounted for significant downtime. The absence of predictive monitoring meant failures were undetected until breakdown. Transitioning to predictive maintenance reduced breakdowns to 1–2 per month and improved equipment reliability ; .
12.7 Operator Variability
Observations recorded ~40 SOP deviations per shift pre-intervention. Variability in setup time and errors is linked directly to inconsistent practices. Retraining operators, introducing checklists, and auditing SOP compliance halved deviations to ~20–25 per shift and reduced scrap rates from 13% to 5–7%, improving process capability .




















[bookmark: _Toc198487577]13.0 Impact Summary
[bookmark: _13.1_Following_targeted]13.1 Following targeted interventions, key metrics improved:
	Metric
	Before
	After
	Improvement

	Setup Time
	30–45 mins
	15–20 mins
	~50% reduction

	Tool Preloading
	5–6 tools
	10–12 tools
	~100% increase

	Machine Utilisation
	4.5–5 hours
	6–7 hours
	+20%

	SOP Deviations
	~40/shift
	~20–25/shift   
	~45% reduction

	Emergency Downtime
	5–7/month
	1–2/month
	~60% reduction

	Scrap/Rework Rate
	13%
	5–7%
	~40% reduction


[bookmark: _Toc197691843][bookmark: _Toc197934789][bookmark: _Toc197935434][bookmark: _Ref198279564]Table 17- Impact summary on key metrics
Each improvement directly addressed a root cause identified by the analysis tools. Standardisation and presetting improved setup speed, tool access, and quality.
[bookmark: _Toc198487578]13.2 Regularity Pareto chart 
[image: ]
[bookmark: _Toc197090783][bookmark: _Ref197889427][bookmark: _Toc197935414]Figure 17- Regularity Pareto chart
Figure 17- Regularity Pareto chart Analysis of Key CNC Tooling Issues at FSG Tool & Die shows the relative impact of different operational inefficiencies on the production process.


[bookmark: _13.3_ISHIKAWA][bookmark: _Toc198487579]13.3 ISHIKAWA
As stated above, linking metrics to root cause and phase impact the tables and data guides towards further investigation in terms of Ishikawa (fishbone diagram), Pareto analysis, and FMEA (Failure Mode and Effects Analysis) to increase the validity of the data and prove most beneficial for the project scope.
Below Figure 18- Root cause fishbone diagram Of extended setup times, delving into the individual sources of the issue and the associated faults.
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[bookmark: _Toc197090784][bookmark: _Ref197889475][bookmark: _Ref197889682][bookmark: _Toc197935415]Figure 18- Root cause fishbone diagram
[bookmark: _13.4_Pareto_analysis][bookmark: _Toc198487580]13.4 Pareto analysis 
[image: ]
[bookmark: _Toc197090785][bookmark: _Ref197889526][bookmark: _Ref197889579][bookmark: _Toc197935416]Figure 19- Pareto analysis of root causes

Following identifying key operational metrics and their associated inefficiencies in the Measure phase, Figure 19- Pareto analysis of root causes Shows the top contributors to CNC manufacturing disruptions at FSG Tool & Die.
Figure 19- Pareto analysis of root causes Shows the most frequent and high-impact contributors to CNC manufacturing inefficiencies. Most issues originate from tool unavailability, non-standard tooling, and manual tool setting. The top three contributors fall within the first 60%—70 % of the cumulative impact, aligning with the Pareto 80/20 rule. 
These three categories alone contributed to over 65% of cumulative performance losses, primarily affecting setup time, quality consistency, and machine utilisation. By addressing these high-impact issues first, the project ensures a high return on effort through targeted corrective actions.
[bookmark: _Toc198487581]13.5 Failure Mode and Effects Analysis (FMEA)
Potential risks can be evaluated using an FMEA (failure mode analysis) to delve deeper into the root cause analysis. This analytical tool allows for assessing severity, occurrence, and detectability and calculating an RPN number (risk priority number) to help prioritise corrective actions. Table 18- FMEA The analysis focuses on the primary areas of concern highlighted in the measure and Pareto analysis phases. 
[image: ]
[bookmark: _Toc197691844][bookmark: _Ref197889623][bookmark: _Ref197889702][bookmark: _Toc197934790][bookmark: _Toc197935435]Table 18- FMEA
[bookmark: _Toc198487582]13.6 Main areas of concern 
tool unavailability and missed maintenance tasks. Both require urgent attention, RPN of 252, showing that those points have the most considerable impact on production continuity. Non-standard tooling and manual tool setting are also high priority due to their strong links to quality variation and operational inefficiency.



[bookmark: _Toc198487583]14.0  Five-why root cause analysis 
To further strengthen and define the issues brought to the forefront by Figure 18- Root cause fishbone diagram and Table 18- FMEA. The five whys delve deeper into key issues affecting CNC tooling efficiency at FSG Tool & Die. This iterative questioning method helps trace surface-level problems back to their fundamental causes by asking "why" successively. . By applying this systematic approach, the fundamental problems can be brought to the surface, and further insights can be gained, ensuring that interventions target root causes rather than symptoms
[bookmark: _Toc198487584]14.1 Problem: Availability
🔶 Why? Tools are spread across different machines.
🟩 Why? There are not enough tools allocated per machine.
🔶 Why? Planning and organisation of the tooling are inadequate.
🟩 Why? Lack of a structured system for tooling management.
🔶 Why? Funding is not available for all necessary tooling.
🟥 Root Cause: Lack of funding for necessary tooling.
[bookmark: _Toc198487585]14.2 Problem: Process Variability
🔶 Why? The structure and accountability enable the chain of command.
🟩 Why? The plan does not align with the model elements, vision, or values the business is trying to achieve.
🔶 Why? The system, operational processes, and workflow are impacting productivity and decisions.
🟩 Why? The skills and training that employees have, and need are not adequate.
🟥 Root Cause: Lack of adequate skills and training.
[bookmark: _Toc198487586]14.3 Problem: Tool and Machine Setting Issues
🔶 Why? Operator efficiency is inconsistent.
🟩 Why? Equipment availability is limited.
🔶 Why? The facility layout is not optimised for workflow.
🟩 Why? Frequent machine adjustments are required due to setup inconsistencies.
🔶 Why? There is a lack of standardised machine setting procedures.
🟥 Root Cause: Lack of standardised machine setting procedures.
🟥 Root Cause: Lack of predictive maintenance systems





[bookmark: _Toc198487587]14.4 Problem: Operator Inefficiencies
🔶Why? Tasks take longer for certain operators.
🟩Why? Steps are repeated or performed out of sequence.
🔶Why? There is no standard work instruction.
🟩Why? Knowledge is passed verbally and inconsistently.
🔶Why? There is no documentation system in place.
🟥 Root Cause: Absence of formalised SOPS and training documentation
[bookmark: _Toc198487588]14.5 Problem: Scrap/Rework Rates
🔶Why? Part tolerances are not met.
🟩Why? Tool wear is not noticed in time.
🔶 Why? No alerts or flags for critical tool life.
🟩Why? Tool life is not monitored regularly.
🔶Why? There is no integrated tool life management system.
🟥 Root Cause: No tool life tracking or digital monitoring













[bookmark: _Toc198487589]15.0 Expanding Scrap/Rework Data for the Analysis Phase
	Root Cause Category
	Frequency
	Cost
	Example Issues

	Operator Error
	4
	£820
	      Wrong billet, incorrect datum

	Tooling/Setup Issues
	3
	£880
	      Untapped holes, a cutter dug in

	Design/Spec Mismatch
	2
	£1,680
	      Out of spec, the tool does not fit the press

	External Returns
	2
	£960
	      The customer returned due to performance


[bookmark: _Toc197691845][bookmark: _Toc197934791][bookmark: _Toc197935436]Table 19- Re-work data for analysis phase
[image: ]
[bookmark: _Toc197090786][bookmark: _Toc197935417]Figure 20- Cost of re-work by category

[bookmark: _Toc198487590]15.1 Root Cause Synthesis & Scrap Linkage – Analysis Summary
The analysis phase consolidated data from three key tools: a fishbone Diagram, an FMEA, and a Pareto Chart—to identify and validate the dominant root causes behind FSG Tool & Die’s CNC setup inefficiencies and high scrap rates. This triangulated approach ensures a thorough understanding of contributing factors and provides the foundation for targeted improvements.



[bookmark: _Toc198487591]15.2 Key insights 
Tool Unavailability emerged as the most frequent root cause (Pareto chart), driving production delays and reactive workarounds. This aligns directly with the FMEA failure mode: “Unavailable tooling setup”, with a high-Risk Priority Number (RPN 252), indicating a severe impact on delivery and throughput.
Non-standard Tooling and SOP Deviations were also high on the Pareto chart and are reinforced by the Fishbone Diagram under both "Method" and "Machine" categories. In the FMEA, this issue was tied to incorrect tool use, a failure mode with high severity (RPN 240) known to lead directly to quality defects and rework.
Operator CNC Error, while lower on the Pareto chart, corresponds with the root causes of the scrap report, such as misaligned datums and drawing interpretation issues. FMEA suggests validation steps to support SOPS and training.
Prolonged Maintenance Scheduling, contributing to setup time variation and tool wear, also holds an RPN of 252 in the FMEA, indicating a latent but high-risk factor. This is also highlighted in the Fishbone’s "Machine" and "Measurement" sections, where maintenance inconsistency is shown as a source of variation.
[bookmark: _Toc198487592]15.3 Cross-reference to Scrap Table:
The breakdown of scrap incidents provided earlier (e.g., cutter dug in, tapped holes missed, part orientation errors) maps onto root causes identified in the above tools:
Operator error aligns with CNC setup inconsistencies and training gaps (Fishbone: “Man”; FMEA: “Operator CNC error”).
Incorrect datum/tool maps to lack of standardised setup practices and tool verification (Fishbone: “Method”, FMEA: “Incorrect tool used”).
No tapping before heat treat / drawing misinterpretation supports the need for SOPS and cross-checking mechanisms, as flagged in both FMEA and Fishbone.
This analysis substantiates the project's hypothesis: tooling inefficiencies and scrap are not isolated events, but symptoms of systemic failures in setup, standardisation, and preventative planning. With clear quantitative and qualitative evidence now established, the project is poised to transition into the Improve phase, where validated root causes will be directly addressed through SOP implementation, predictive maintenance tools, and standardised tooling systems.







[bookmark: _Toc198487593]16.0 Improve 
With the root causes of setup inefficiencies, scrap rates, and tooling delays now validated through a combination of Pareto analysis, FMEA, and five whys, the project enters the Improve phase. This stage focuses on implementing targeted, data-driven solutions to address the highest-priority issues affecting CNC milling performance at FSG Tool & Die. The goal is to convert analytical findings into practical interventions that yield measurable improvements in setup efficiency, tooling availability, and process standardisation. 
[bookmark: _Toc198487594]16.1 Improvement goal analysis
Table 20- Improvement goals Below is an improvement goal analysis highlighting the areas the project intended to impact, stating the area, the improvement target, and the baseline comparison. 
[image: ]
[bookmark: _Toc197691846][bookmark: _Ref197889795][bookmark: _Ref197889882][bookmark: _Ref197890018][bookmark: _Toc197934792][bookmark: _Toc197935437]Table 20- Improvement goals
[bookmark: _Toc198487595]16.2 Improvement action plan 
Following the root cause analysis and targeted improvements, Table 20- Improvement goals Were developed. This table outlines the data-driven insights from the define, measure, and analyse phase. Each action directly links to validated root causes such as tool unavailability, setup inconsistency, and maintenance delays, previously discussed through analysis tools like the FMEA, five whys, and Pareto analysis. Moreover, these goals are tightly aligned with the original improvement goals outlined in Table 5- Baseline KPI indicator. By synchronising the timing of each improvement with the overarching Figure 9-Project timeline. This plan supports seamless integration into existing workflows and enables real-time tracking of implementation progress. Key performance metrics established during the Measure phase—such as average tool search duration, SOP deviation frequency, and rework cost—will serve as benchmarks to evaluate the effectiveness of these changes during and after deployment.




	Root Cause
	Proposed Action
	Details

	Lack of funding for necessary tooling
	Create a tooling investment case
	Present during testing + assurance phase to secure Q1 2025 approval

	No structured tooling system
	Implement a digital tooling database
	Deploy digital tooling tracker, update inventory access points

	Lack of standardised tool setting procedures
	Develop and roll out SOPS
	SOPS and visual work instructions for CNC setups

	Operator training gaps
	Launch the CNC tooling training programme
	SOP orientation + efficiency workshops

	Reactive maintenance culture
	Introduce a predictive maintenance programme
	Add sensors, weekly checks, and tool life logs

	Facility layout inefficiencies
	Reorganise tooling storage near machines
	5S tools near point-of-use; reduce motion

	No tool life tracking system
	Integrate tool life monitoring software
	Track wear, regrind cycles, and alert thresholds

	High SOP deviations
	SOP audit loop and staff feedback
	Supervisor spot checks and feedback reviews

	No pilot implementation/testing
	Run a complete pilot in 1 CNC cell
	Test SOPS, maintenance tools, and layout together



	Expected Outcome
	Owner
	Target Date (Aligned)

	Funding for essential tooling upgrades
	Engineering Manager
	Nov 15 – Dec 5, 2024

	Reduce search time and improve readiness.
	Production Planner
	Dec 6, 2024 – Jan 5, 2025

	Consistency and reduced setup time
	CNC Supervisor
	Dec 10, 2024 – Jan 10, 2025

	Increased confidence and reduced errors
	Training Lead
	Jan 12, 2025 – Feb 2025

	Reduce unplanned downtime and breakdowns.
	Maintenance Engineer
	Dec 15, 2024 – Feb 1, 2025

	Reduced wasted time during setups
	CI Coordinator
	Nov 20 – Dec 15, 2024

	Prevent tool failure and rework.
	Toolroom Manager
	Jan 5 – Feb 10, 2025

	Greater SOP adherence and fewer errors
	Production Supervisor
	Jan 15 – Mar 1, 2025

	Validate improvements before deployment.
	Project Lead
	Dec 10, 2024 – Jan 31, 2025


[bookmark: _Toc197691847][bookmark: _Ref197890020][bookmark: _Toc197934793][bookmark: _Toc197935438]Table 21- Improvement action plan





[bookmark: _16.3_Pilot_Testing][bookmark: _Toc198487596]16.3 Pilot Testing 
Before the proposed processes could be fully implemented, a pilot test was conducted within the FSG Tool & Die milling department. This pilot focused on applying the newly developed Standard Operating Procedures (SOPs), reorganising the tooling storage layout based on 5s principles, and introducing digital tooling tracking for tool availability monitoring. 
During the testing, a select set of repeatable jobs was chosen, twin machines, and the same operator were used to ensure the process was tested fairly, and all data from the initial trialling phase would be validated and reliable. The pilot was a resounding success, with setup times, tool search durations, and SOP compliance rates systematically recorded over three weeks. Operator feedback was gathered through Gemba Walks displayed by Table 22- Post pilot metrics Moreover, real-time observation checklists capture practical challenges and adaptation needs. This pilot testing allowed for real-time testing of the procedures, which allowed for early identification of procedural refinement. The results of this pilot formed the foundation for refining the improvement rollout plan across the broader CNC milling department, instilling a sense of optimism for the future.
[bookmark: _16.4_Post-Pilot_Metrics][bookmark: _Toc198487597]16.4 Post-Pilot Metrics Improvement Summary
	Metric

	Baseline (before improvements)
	Post pilot (after improvements)
	% Improvements
	Notes

	Average Setup Time (per job)
	30–45 minutes
	15–20 minutes
	~50% reduction
	Target achieved

	Tool Search Time (per shift)
	45–75 minutes
	20–30 minutes
	~55% reduction
	Tool storage reorganisation is effective

	SOP Deviations (per shift)
	~40 deviations
	20–25 deviations
	~45% reduction
	SOPS were partially adopted during the pilot

	Machine Utilisation (hours per shift)
	5.0–5.5 hours
	6.0–6.5 hours
	+15–20% increase
	Increased productive time

	Scrap / Rework Rate
	~13%
	7–8%
	~40% reduction
	Improved tool management and setup consistency

	Emergency Downtime Events (per month)
	6–7 events
	2–3 events
	~60% reduction
	Early maintenance improvements noted


[bookmark: _Toc197691848][bookmark: _Ref197929884][bookmark: _Toc197934794][bookmark: _Toc197935439]Table 22- Post pilot metrics
Pilot results, compared against Table 5- Baseline KPI indicator The Measure phase improved setup time, tooling search, SOP compliance, and machine utilisation. These early gains validate the targeted actions and highlight potential for wider operational benefits. The results also align with initial project goals, reinforcing the effectiveness of this data-driven improvement approach
[bookmark: _Toc198487598]16.5 Risk Mitigation Table
While early pilot results have been encouraging, the project recognises that full-scale implementation carries inherent risks that could impact sustainability. Table 20- Improvement goals and Table 21- Improvement action plan This paper outlines key risks identified during the Improve phase, alongside proactive and robust mitigation strategies designed to maintain momentum and ensure the long-term success of interventions. By proactively managing these risks, the project strengthens its foundation for a robust and durable Control phase. [image: A screenshot of a computer  AI-generated content may be incorrect.]

[bookmark: _Toc197691849][bookmark: _Toc197934795][bookmark: _Toc197935440]Table 23- Risk mitigation table
With risk mitigation strategies in place, the project now enters the Control phase. The focus is improving setup time, tool availability, and SOP compliance. This will involve monitoring frameworks, visual management, and regular audits. By linking controls to key performance indicators (KPIS), FSG Tool & Die can preserve gains, reduce variability, and foster a culture of continuous improvement.
















[bookmark: _Toc198487599]17.0 Control 
After successful pilot testing and proactive risk mitigation, the project is ready to enter the control phase. The focus now shifts to improving setup time, tool availability, and SOP compliance. This phase will implement monitoring frameworks, visual management tools, and routine audits to embed practices into daily operations. By linking these controls to key performance indicators (KPIS), FSG Tool & Die can maintain progress, minimise variability, and foster a culture of continuous improvement.
[bookmark: _Toc198487600]17.1 Control plan 
A control plan is necessary for the project to monitor all key components. This will ensure that progress in tooling management, maintenance practices, and process standardisation does not regress and continues delivering value.
[bookmark: _Toc198487601]17.2 Key Components of the Control Plan:
1. Setup Time (time taken to set up a tool for each job)
2. Tool Availability (how often tools are available when needed)
3. Maintenance Compliance (how often maintenance checks are performed on time)
4. Scrap/Rework Rates (frequency of parts that need to be reworked or scrapped due to tooling issues)
[bookmark: _Toc197691850][bookmark: _Toc198487602][bookmark: _Toc197934796][bookmark: _Toc197935441]17.3 Control plan monitoring table[image: A screenshot of a computer  AI-generated content may be incorrect.]

Table 24-Control plan monitoring table






[bookmark: _Toc198487603]17.4 Targets for KPI 
	Control Area
	Key Performance Indicator (KPI)
	Specific Target

	Setup Time
	Time taken to set up a tool for each job
	Reduce setup time to under 10 minutes per job

	Tool Availability
	Availability of tools when needed
	Achieve a 98% tool availability rate for all required tools

	Maintenance Compliance
	Timely execution of scheduled maintenance checks
	Complete 100% of maintenance checks within the expected timeframe

	Scrap/Rework Rates
	Frequency of parts needing to be reworked or scrapped due to tooling issues
	Maintain scrap/rework rate below 2% of total production volume.

	Machine Utilisation
	CNC machines running at full capacity
	Maintain machine utilisation rate at or above 90% of available capacity

	Employee Training
	impacting
	Ensure 100% of staff complete SOP training within 30 days of introduction

	Sustainability of Improvements
	Continuous improvement initiatives implemented
	Implement at least two new improvement initiatives per quarter

	Audit Compliance
	Frequency and quality of audits
	Achieve 100% compliance with the audit schedule, with no significant non-compliance findings.

	Feedback Mechanism
	Number of suggestions and improvements from employees
	Collect at least 10 actionable suggestions from employees every month


[bookmark: _Toc197691851][bookmark: _Toc197934797][bookmark: _Toc197935442]Table 25- Kpi targets
[bookmark: _Toc198487604]17.5 Kaizen event process breakdown 
17.6 Identify the Area for Improvement Based on KPI Monitoring and Feedback
Visual management tools—including SOP boards, tool shadow boards, and digital dashboards—will establish a structured feedback loop within daily operations to reinforce the control plan. Monthly audits, guided by the Figure 8-RACI chart will ensure accountability. If key indicators like tool availability or setup time fall outside defined thresholds for two consecutive audits, root cause analysis and corrective actions will be triggered. This proactive approach enables early deviation detection and correction. Insights from recurring Kaizen events will further drive continuous improvement and embed a sustainable culture of operational excellence.

	Step
	Description (specific to FSG Tool & Die)

	1. Define Problem Area
	Identified prolonged setup times (average 30–45 min) and excessive tool search times (45–75 min) as key inefficiencies affecting CNC milling setup.

	2. Set Goals
	Targeted 50% reduction in setup time (to <20 min) and tool search time reduction to <30 min; improve SOP compliance by 40%.

	3. Form Team
	Created a cross-functional team: 2 CNC operators, one maintenance engineer, one production supervisor, 1 CI coordinator, and one toolroom manager.

	4. Map Current Process
	Mapped setup workflow → highlighted walking routes, manual tool setting, repeated tool searches, and non-standard setups across machines.

	5. Identify Root Causes
	Used Fishbone and 5 Whys → root causes: lack of standardised tooling, poor tool storage layout, no preset system, reactive maintenance culture.

	6. Develop Solutions
	Solutions developed: reorganised tooling layout near machines (5s), introduced offline tool presetting, digitised tooling database, updated SOPS.

	7. Implement Improvements
	Piloted changes on one twin CNC cell → applied reorganised storage, tool presetting, visual controls, new SOPS for repeat jobs.

	8. Measure Results
	Post-pilot data: Setup time reduced to 15–20 min; tool search time down to 20–30 min; SOP deviations reduced by ~45%; machine utilisation +15%.

	9. Standardise
	Rolled out improvements across the whole milling department; updated SOP documents; installed visual SOP boards and tool shadow boards at each machine.

	10. Reflect & Plan Next
	Reflection meeting → identified the next Kaizen focus: reducing tool duplication across machines; planned future Kaizen event for automated tool tracking.


[bookmark: _Toc197691852][bookmark: _Toc197934798][bookmark: _Toc197935443]Table 26- Kaizen event process breakdown

[image: A diagram of a process
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[bookmark: _Toc197935418]Figure 21- Kaizen event breakdown
To sustain improvements from the DMAIC process, FSG will integrate periodic Kaizen events into the Control phase. Each event will target a specific deviation or optimisation opportunity using lean tools like process mapping, root cause analysis, and rapid experimentation. By empowering cross-functional teams to lead these micro-improvements, FSG fosters continuous development in CNC tooling and a culture of operator-driven innovation.

















[bookmark: _Toc198487605]18.0 Recommendations 
[bookmark: _Toc198487606]18.1 Expanding Predictive Maintenance
FSG has already made progress in tool wear tracking through standardised tooling lists. However, predictive maintenance should be extended across all CNC milling machines, including VCS, VTC, HCN, and Matsuura models. Although these machines are equipped with vibration, temperature, and pressure sensors, they remain underutilised due to a lack of integration into daily operations. Calibrating these sensors to FSG’s specific cutting loads and tool paths, combined with a centralised dashboard for real-time monitoring, would allow for early detection of faults. Staff training in interpreting sensor data will be essential to enable timely intervention. Pilot data has already shown substantial benefits: in one case, a spindle vibration alert prevented a bearing failure, while thermal monitoring triggered pre-emptive servicing. .Notes that predictive maintenance can reduce downtime by up to 30% and cut maintenance costs by 25%.
[bookmark: _Toc198487607]18.2 Enhancing Operator Training and Visual SOPS
Although tooling standardisation was achieved during the pilot, embedding it into everyday operations requires reducing operator variability, particularly in machine setup and programming. Shadow boards have proven effective, but visual work instructions remain inconsistently used. In addition, experienced operators have shown resistance to adopting new SOPS, and no cross-training exists between key platforms like Mazatrol and Fanuc. To address this, FSG should implement structured training programmes—delivered both hands-on and digitally—tailored to each machine type. Supported by checklists and regular audit meetings, operator certification milestones will help reinforce best practices and accountability. Machine-specific SOP boards with annotated diagrams should also be introduced to provide more explicit guidance on setup procedures.
[bookmark: _Toc198487608]18.3 Optimising Tooling Inventory Through Kaizen
Inventory inaccuracies remain a significant issue, with operators frequently reporting duplicate and mis-logged tooling. Without standardised inspection protocols, worn tools are sometimes returned to stock as “available,” leading to incorrect picks, delays, and unnecessary vending. A Kaizen event focused on inventory optimisation should be held to address these issues. This initiative would involve auditing tooling stock, cleansing the digital database, and assigning clear ownership for ongoing data accuracy. Mandatory inspection steps before tool re-entry and the introduction of digital logging systems, such as handheld scanners or tool crib workstations, would help streamline processes. Applying 5s principles to tooling storage will reduce motion waste and search time, improving setup efficiency.
[bookmark: _Toc198487609]18.4 Evaluating Automated Tool Tracking Technologies
Manual logging is a persistent source of tool errors, leading to unavailable or incorrect tooling during setups and contributing to scrap and downtime. FSG should pilot an RFID or Iot-enabled tool tracking system that automates tool movement, condition, and location logging. These systems can integrate with the existing digital tool database and prevent the reuse of uninspected tools. This would enhance setup speed, tool availability, inventory accuracy, and predictive maintenance scheduling. A cost-benefit analysis should follow the pilot, considering metrics such as tool loss, rework reduction, and system compatibility with Mazatrol and Fanuc platforms.
[bookmark: _Toc198487610]18.5 Scaling and Sustainability
To ensure long-term impact, these recommendations must be supported by leadership engagement, phased training, and operator involvement. Although the initial focus has been on milling, these practices should be scaled to other departments, such as EDM and turning, with modifications based on operational needs. As digital data becomes more reliable, FSG can explore advanced solutions including digital twins and AI-based simulations to enhance real-time optimisation, tool life forecasting, and shop floor responsiveness—key components of its Industry 4.0 roadmap.





















[bookmark: _Toc198487611]19.0 Conclusion
This project aimed to improve manufacturing processes at FSG Tool & Die by addressing key inefficiencies in CNC milling, particularly tooling availability, setup standardisation, and maintenance. Using the DMAIC methodology, the investigation identified root causes, including non-standardised setups, tool unavailability (causing over 55% of tool search time), and a reactive maintenance culture. These factors led to setup times of 30–45 minutes per job, machine utilisation as low as 65%, and scrap/re-work peaking at 13%, collectively reducing equipment efficiency and throughput.

Targeted interventions implementing standardised tooling kits, developing SOPs, optimising layouts, and introducing predictive maintenance led to measurable improvements. Setup times were cut by around 50% (to 15–20 minutes), scrap rates dropped from 13% to under 7%, utilisation rose to 20%, and tool search time fell by 55%. These changes delivered monthly savings over £3000 and enabled more jobs per calendar month. A successful pilot test across the milling section validated the solutions and showed the value of data-driven, operator-informed strategies.

The project highlighted the importance of operator training, change management, and cultural alignment in sustaining improvements. Resistance to new processes, inconsistent SOP adherence, and digital literacy gaps were addressed via structured training and visual instructions. These changes yielded 85% positive operator feedback.

The project’s outcomes offer a scalable framework for broader implementation. Embracing Industry 4.0 technologies like digital twins for real-time simulation  and AI-driven adaptive scheduling with RFID tool tracking will enhance tooling control, predictive capabilities, and agility.

Combining digital tools, lean principles, and workforce engagement can significantly improve manufacturing performance. Building on this foundation, FSG Tool & Die can achieve lasting efficiency, quality, and competitiveness in a complex, digitally driven manufacturing landscape.
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Improvement Goals (Based on Analysed Data)
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Improvement Goal
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Setup Time Reduction

Reduce average setup time to 15—
20 minutes consistentely.

Down from 30-45 minutes before implemen-
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for each CNC setup.

Previously only 5-6 tools were preloaded.
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Original 45-75 minutes, Impr oved tool
generation and edrving this.
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Originally ~40 per shift, Increased enforcement
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Maintenance Practice
Shift
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Previously almost all (10 per week) were reac-
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Emergency Downtime

Limit emergency machine downtime
to 22 events per month.

Previously 1in 3 jobs. Reflects improved tool
selection setup. and maintenance.
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Pilot success not scaled effectively
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Project Lead
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FSG_Machinist_Questionnaire_Responses_Jan2025-PDF.pdf
Baz
Brandon
Rob
Andy H
Andy D
Aroon
Faraz
Sam
Rhodri

Day
Night
Evening
Day
Day
Evening
Night
Day
Evening

January 2025
January 2025
January 2025
January 2025
January 2025
January 2025
January 2025
January 2025
January 2025

Tooling Delay Frequency Standardised Tool Kits Helpful?

Occasionally
Weekly
Occasionally
Weekly
Daily
Occasionally
Daily
Weekly
Occasionally

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes





Time Lost Searching for Tools Digital Tracking Usefulness Manual Tool Setting Issues?

30—-60 min Agree Yes

>60 min Strongly Agree Yes

10-30 min Agree Sometimes
30-60 min Strongly Agree Yes

>60 min Agree Yes

10-30 min Agree Rarely

>60 min Strongly Agree Yes

30-60 min Agree Sometimes

10-30 min Agree Sometimes





SOP & Presetting Impact Predictive Maintenance Helpful?

Greatly reduce time and improve accuracy Yes

Greatly reduce time and improve accuracy Yes
Some improvement Maybe
Greatly reduce time and improve accuracy Yes
Greatly reduce time and improve accuracy Yes
Some improvement Maybe
Greatly reduce time and improve accuracy Yes
Some improvement Yes

Some improvement Yes





Unplanned Failure Frequency Training on SOPs/Digital Tools Helpful? Shadow Boards Useful?

Occasionally Strongly Agree Yes
Frequently Agree Yes
Occasionally Neutral Possibly
Rarely Strongly Agree Yes
Occasionally Strongly Agree Yes
Occasionally Agree Yes
Frequently Strongly Agree Yes
Occasionally Agree Yes

Occasionally Agree Yes





Comfort with Digital Interfaces
Comfortable
Somewhat uncomfortable
Neutral
Very comfortable
Comfortable
Comfortable
Comfortable
Very comfortable
Comfortable

Most Helpful Change  Job Easier With Changes?
Standard tooling lists for Yes
Quicker tool setting and | Yes
Less tool variation betwe Maybe
Less hunting for basic cut Yes
Quicker access to critical Yes
Simplified layouts near m Yes
Stop relying on last-minu Yes
Presetting would reduce Yes
Clear SOPS would help ne Yes





Willingness to Adopt Changes

Very likely

Likely

Neutral

Very likely

Very likely

Likely

Very likely

Very likely

Likely

Motivation Boost from Changes

Agree

Strongly Agree

Neutral

Agree

Agree

Agree

Strongly Agree

Agree

Agree





Final Thoughts

Better tool tracking would save a lot of time and stress.
Night shift always gets leftover tools. Fix this.

Need clearer communication on what’s changed.
These upgrades are long overdue.

Need clearer responsibilities for tool upkeep.

Presets would save time, especially on twin shifts.
More digital alerts for tool life would help.

Glad to see standardisation finally being done.

Keep involving operators in the rollout.
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INITIATIVE






STANDARDISATION OF
OPERATING PROCHEDURES

- Tooling standardisation
- Operator Sop's
- Tooling database






INTRODUCTION

iImplementing a three-part standardisation
Initiative focused on optimising tooling and
operational consistency.

The first phase involves establishing standardised
tooling, ensuring all CNC machines are compatible
with uniform tool types.

The second phase, standard operating procedures
(SOPs) for operators will be developed, enhancing
setup consistency and quality control across shifts

Third phase, tooling database to track
reconditioned tools, monitor tool life, and facilitate
efficient tool reuse
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UNPLANNED DOWNTIME,

Unplanned downtime

2.5
2
2 15
o
== 1
(«b)
E 1
—
0
Faraz Andrew Rhodri Jacob Aroon Brandon Andrew H
W Average time (Hours) 1 2 15 15 2 2.25 1.5 1.5 1
i Average 1.583333333 1.65625 1.607142857 1.625 1.65 1.5625 1.333333333 1.25 1
Names

W Average time (Hours) = Average





LIKELY SCALE

Q3: HOW LIKELY ARE THESE
CHANGES TO INCREASE YOUR

Q1: HOW LIKELY ARE YOU TO WORK  Q2: HAVING THE NEEDED RESOURCES AND

N pR0POSED PROJEST IMPLEMENTED? 13 THIS TO INCREASE THROUGHpUT? | WORK ETHIC WITHIN The
Worker 1 Likely Likely Likely

Worker 2 Very Likely Likely Likely

Worker 3 Likely Very Likely Likely

Worker 4 Very Likely Likely Very Likely

Worker 5 Likely Very Likely Likely

Worker 6 Very Likely Very Likely Likely

Worker 7 Likely Likely Very Likely

Worker 8 Very Likely Very Likely Very Likely

Worker 9 Likely Very Likely Very Likely





PROJECTED V LOSSHES

Projected v losses

I £275.83

Viade £6,614.28

OVERHEADS

. £997.29

Machine £23.940

£5,000 £10,000 £15,000 £20,000 £25,000
VALUE (£)

W losses  Projected
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OPERATOR SOP'S






OPHERATOR SOPS

Operator SOPs are essential in manufacturing as they ensure
consistency, accuracy, and quality in production processes they:

By providing clear, standardised instruction
- reduce errors Operating
- streamline training

- improve safety

- perform tasks efficiently and uniformly across shifts

- minimises setup times, prevents costly rework, and supports
optimal machine utilisation

- maintaining high productivity and meeting quality standards Pr'oced LvES

In manufacturing.
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LOSSHS TIMELINE

Process standardisation

quality inconsistencies due to non-standardised
processes can increase rework costs by up to 20%,
further straining production efficiency.

Machine capacity

operator experience and expertise can increase
machine capacity utilisation by up to 20%, as
proficient operators minimize idle time and ensure
that machines remain in productive operation

Studies indicate that efficient operator workflows can
reduce setup times by as much as 30%, as

that manual tool setup contributes to a 15-30% ' experienced operators use streamlined processes to
| increase in machine downtime across the industry. achieve the required setup configurations more quickly
Tool setting Operator efficiency

10





STANDARDISED PROCESS 1OSSES

Comparison of Factors at 100% vs. Actual Percentages

Process standardisation 20% losses
Tool setting 22.5% losses

Machine capacity 20% losses
Operator efficiency 30% losses

Percentage (%)

100

80

60

40

20

Process Standardisation

I I I |

Tool Setting Machine Capacity

B 100%

Operator Efficiency

1





TOOLING DATABASE






1TOOLING DATABASH

A used tooling database in machining is crucial for improving operational
efficiency by providing quick access to detailed information about
previously used tools, their condition, and performance.

- Streamlined tool selection.

- Eliminating trial-and-error.

- Ensuring optimal tools are ready for use.

- Tracking tool life and performance data.

- Minimises unplanned tool changes.

- ldentifies and reuses tools that are still viable.

- Reduces the loss of effective capacity by preventing unnecessary
downtime and tool wastage.

2/7/20XX
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Standardised tooling initiative test one, week one, 11/11/24 - 15/11/24

Trial parameters

A trial in setting standardised tooling T1-T30 in VCS 4 to compare loss of effective capacity,
quality, and setup times to standard operating procedures.

Current situation

Observation of the current circumstances has highlighted three major problem areas. Lack of
standard tooling availability, little to no SOP’s, and vending / allocation of new and used tooling.

1. Standard tooling availability- Basic tooling such as tapping drills face mills and holders
were found to cause issue when tool setting, this resulted in searching for prolonged
time or taking standard tooling from other machines.

2. SOP’s (standard operating procedures)- From data gathered and observation on the
shopfloor it is evident the lack of procedure hinders setup times, operator efficiency,
and effective machine capacity.

3. Vending/ allocating tooling- Used tooling allocation has been a prolonged issue for the
section and in reducing company costs. Operators throw all tools into the setting area
which are primarily unusable for someone else to find as there isn’t an identifiable
system to track and record.

14/11/24 Week one Test results

A test was run with identical parts on VCS 4 (loaded) and VCS 2 (standard operating
procedures). The test identified a known flaw which is the use of specific tooling, to remedy this
the operator should remove standard tooling from the required slots, set aside and re-install on
job completion.

Although time lost must be accounted for, this provides greater fluidity throughout the
manufacturing process and allows setup times to be lowered, and operators to maintain
efficiency.

The test also highlighted the inability of standard machine procedures to adapt quickly to rush
jobs or re-work, as little tools are set.

The test showcased a time differential of 10 minutes between VCS 4 and VCS 2. VCS 4 was set
and running within 15 minutes of receiving the stock material, whereas VCS 2 fell short with a
time of 25 minutes.

Whilst sounding inconsequential, combining the Six Mazak machines being utilised that day at
10 minutes lost per setup equivalates to one hour of wages and one hour of machine time.
Based on the condition that all operators only have one setup per day.
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