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[bookmark: _Toc153383502]1. Introduction
This report aims to evaluate how digital technologies can improve quality control processes, followed by an analysis of implementation challenges and outcomes. Quality control and assurance play a key factor in continuous improvement, utilising concepts such as six sigma to achieve set targets, and improving customer confidence. This report focusses on IoT (Internet of Things) applications at ZF Pontypool, where brake calipers are manufactured, and how these applications can improve product quality, through metrics such as downtime, customer feedback, and understanding quality more in depth as engineers.



[bookmark: _Toc494905484]2. Literature Review
Industry 4.0 refers to the fourth industrial revolution, Kaur states “The term “Industry 4.0” was first introduced in 2011 at the Hannover Fair, a major trade show in Germany. It marked the beginning of a strategic initiative to drive digital transformation across industries. The name refers to the fourth wave of industrial evolution:
1. First Industrial Revolution: Mechanization powered by water and steam engines.
2. Second Industrial Revolution: Mass production driven by electricity and assembly lines.
3. Third Industrial Revolution: Automation enabled by computers and electronics.
4. Fourth Industrial Revolution: Smart and autonomous systems driven by data, AI, and connectivity.”

Industry 4.0 introduces new, key technologies into the world of work, not just specifically manufacturing. Such as (but not limited to):
· IoT (Internet of Things) - Large groups of sensors, machines and devices all working in harmony sharing data through the internet in real time;
· AI (Artificial Intelligence) and Machine Learning – The power of AI can allow for predictive maintenance, analytics, autonomous decision making, and continuously improving processes through repeated learning;
· Robots and Collaborative Robots (Cobots) - Through working alongside humans, robots and cobots can increase productivity, and guide or stop humans from entering dangerous situations, increasing workplace safety;
· Digital Twins – Next step up from a CAD model, creating data for predictive maintenance, damage simulation, and bettering design before production;
· Cloud Computing – Data stored in the “cloud”, meaning it is accessible from anywhere from a single source;
· Big Data – Large amounts of data processed from sensors, machines and devices leading to improvements in efficiency and productivity;
· Cybersecurity – Protection of previously mentioned systems and their respective data, by using systems such as blockchain;
· Additive Manufacturing (3D Printing) and Advanced Materials – Allows for quicker prototyping of parts and tailored to the customer’s specification;
· VR (Virtual Reality) and AR (Augmented Reality) - Boosts knowledge of staff through interactive training by showing the virtual aspects on top of the real view

[bookmark: _Int_eHLIBHLp]Overall, Industry 4.0 has, and will continue, to bring rapid advancements to manufacturing until Industry 5.0, which has already started to take some shape itself. Through metrics such as productivity, efficiency, customisation, and safety, Industry 4.0 has bettered manufacturing in more ways than one. Although, it does have its drawbacks, such as concerns with data privacy and cybersecurity, high implementation costs for the complex systems, and the skills gap between staff due to factors like age, current ability, and willingness to change. Specifically for IoT, Rose, K., Eldridge, S. and Chapin, L. (2015) states, “as we increasingly connect devices to the Internet, new opportunities to exploit potential security vulnerabilities grow. Poorly secured IoT devices could serve as entry points for cyberattack by allowing malicious individuals to re-program a device or cause it to malfunction.” Despite the advantages of Industry 4.0 technologies, their success is highly dependent on workforce readiness, adaptability, and infrastructure investment. In traditional manufacturing environments such as ZF Pontypool, these factors can limit the effectiveness of digital transformation. Therefore, technology alone is insufficient without cultural and organisational change.






[bookmark: _Toc525543344]3. Problem Identification
The problem lies within ZF Pontypool’s CMM checking of machined parts, and its own respective processes. The story for a cast iron or aluminium casting (either carrier or housing) starts with machining firstly, 4 at a time (2 parts, 2 fixtures). The operator then marks their paper process control chart on the shop floor, stating when the parts were sent and for what reason (first off, frequency check, changeover, tool change / adjustment). These parts are then measured in the quality department using the CMM, and the measurement outcomes are written in another paper process control chart in the quality department. If the measurement outcomes are out of specification, the whole report will be printed for the respective part, ranging from 5 to 15 pages each, meaning a full run of 4 out of specification parts will result in a maximum of 60 pages. This heavy use of paper, printer ink, ballpoint pens, and human intervention equates to a lot of time being spent just on writing, and back and forth to the printer room. Downtime can become a failure point in the manufacturing process, as besides the measurement routine for 4 parts being anywhere from 25 / 30 minutes to upwards of an hour, producing these paper reports can add another 15 minutes onto the process. This is also similar for the SPC charts, which are all completed on paper currently (see Figure 1). This heavy reliance on manual processes can result in human error, reductions in tracking and traceability, and downtime when filling in process control charts or printing reports. As a result of these factors, KPIs such as downtime, first time pass rate, and productivity are all negatively affected. To combat these issues, Q-DAS qs-STAT was installed in November of 2025, a data management system where all measured data of all parts is stored into a database.
[image: ] 
[bookmark: _Toc1777005377]Figure 1: Sanderson-Jones, A. and ZF Pontypool (2026). P13a SPC Chart. Image.



[bookmark: _Toc918210173]4. Application of Digital Technologies
Q-DAS qs-STAT is developed by Hexagon Metrology, the same company who supply ZF Pontypool with their CMMs, it is a statistical, visual means of storing vast amounts of data as opposed to numerous sheets of paper and ballpoint pens. It works as an IoT system, where the measurement data from parts that are being completed on the CMM is pulled into the database at the end of each programme. This data is then analysed for varied reasons, such as capability studies, variation in measurements after tooling changes, or starting to see where data is trending regarding upper and lower specification limits. Q-DAS qs-STAT software also enables the automatic generation of SPC charts (see Figure 5), histograms, and capability reports with different layouts and designs for specific parts, processes, and measurement programmes, providing engineers with visual proof of specific process performance. These live dashboards allow for immediate identification of deviations towards either specification limit, allowing for proactive intervention rather than reactive problem-solving, decreasing downtime.
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[bookmark: _Toc1910337107]Figure 2: Sanderson-Jones, A. (2026c). Q-DAS qs-STAT Home Page. Image.
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[bookmark: _Toc985344134]Figure 3: Sanderson-Jones, A. (2026e). Selection of Part From Database. Image.
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[bookmark: _Toc1749644520]Figure 4: Sanderson-Jones, A. (2026a). Individual Values of Feature. Image.
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[bookmark: _Toc900969347]Figure 5: Sanderson-Jones, A. (2026b). P13a SPC Chart Post Formatting. Image.










[bookmark: _Toc1008846128]5. Improvement Plan Development
Going forward, an improvement plan was created. The first step was to grant all necessary engineers Q-DAS qs-STAT rights, and set up their accounts with their respective permissions, such as being able to change Cpk targets, and edit catalogues. Secondly, a training matrix was created, with a set of goals to be hit by each engineer. This keeps track of what has been achieved and when, allowing for greater traceability when looking at past learnings, as well as what is left to be learnt going forward. The success of this improvement plan will be measured through key performance indicators such as reduction in downtime, and improvements in process capability.

	Q-DAS qs-STAT Goals
	Achieved (Y / N)
	Date Achieved
	Engineer Name: Alfie Sanderson-Jones

	Rights granted
	
	1-Nov-25
	

	Account set up with permissions
	
	1-Nov-25
	

	Selected ZF catalogue
	
	1-Nov-25
	

	Able to read from database
	
	1-Nov-25
	

	Able to apply filters (fix. no. / machine no.)
	
	1-Nov-25
	

	Able to create a report (PDF)
	
	30-Nov-25
	

	Able to edit masks (value / characteristics)
	
	30-Nov-25
	

	Able to edit catalogue selection
	
	30-Nov-25
	

	Able to edit Cp / Cpk targets
	
	
	

	Able to edit user permissions
	
	
	



[bookmark: _Toc1314843758]Figure 6: Sanderson-Jones, A. (2026d). Q-DAS qs-STAT Training Matrix. Image.


[bookmark: _Toc57008397]6. Evaluation of Impact
[bookmark: _Int_29xjWO4B][bookmark: _Int_Et24HMSh]The implementation of Q-DAS qs-STAT at ZF Pontypool has been highly beneficial on both quality control processes and operational performance, the most notable being improvements in operational efficiency. Beforehand, the heavy reliance on manual practices such as paper reports and paper based SPC charts allowed for non-value adding time, due to manual data entry. By turning these processes into digital forms, measurement data is instantly available from the CMMs upon successful completion of programmes, reducing downtime in relaying data between departments and improvements in production flow. Along with gains in efficiency, Q-DAS qs-STAT has improved overall quality performance. The option to analyse live data using metrics such as Cp and Cpk allows for trends to be spotted earlier, allowing engineers to make proactive decisions, as opposed to reactive, lowering process variation as demonstrated in Figure 5. This links into Six Sigma criteria, aiming to eliminate defects and achieve greater process capability by decreasing variation in measurement data. This leads to greater customer satisfaction, and improved first time pass rate. Reductions in cost prevail due to reduced reliance on physical materials such as paper, printer ink, and ballpoint pens, as well as lower rates of scrap and rework equating to lower labour costs due to better process control. Despite the initial cost for the Q-DAS qs-STAT software license, the long term financial benefits outweigh the price of implementation. Transitioning to digital systems also works alongside environmental sustainability, due to the much lower rate of paper usage, supporting wider organisational targets, and aligning with modern manufacturing processes. Organisational culture and workforce development are also influenced by the implementation of Q-DAS qs-STAT, with engineers being required to learn new digital skills, allowing for a shift into data driven decision making. Although, whilst the training for Q-DAS qs-STAT can prove to be difficult and time consuming, the greater good of better workforce capability readies ZF Pontypool for further development with other Industry 4.0 technologies. However, a limitation of this evaluation is that it is based on short term findings, as opposed to long term quantitative performance data, which would provide stronger validation of the impact.


[bookmark: _Toc1391603480][bookmark: _Toc1806250694]7. Implementation Challenges and Mitigation
[bookmark: _Int_ZlNp3yPn]The biggest issue with Q-DAS qs-STAT is that it is oversaturated with features that go unused by engineers at ZF Pontypool. It is also a massive piece of software, and although very modern, takes a lot of time to boot. Previous to Q-DAS qs-STAT, ZF Pontypool used Datapage+ since 2010, a remarkably similar piece of software with the same features, but nowhere near as powerful and with a considerably longer boot time. This becomes an issue as it had already taken engineers a long enough time to become comfortable with Datapage+, only to be changed for Q-DAS qs-STAT at such short notice. Linking back to the age factor in the drawbacks of Industry 4.0, there is a large disparity between the age groups of staff at ZF Pontypool, with a small number of engineers using these data management softwares to be under the age of 25, and the majority being over the age of 40. Whilst this can be seen as beneficial due to the extra years of experience within the manufacturing sector, they are often unwilling to change, and become comfortable and confident with using such a large piece of software, and are still accustomed to physical means of measurement data, such as paper reports, or an SPC chart on A4. As previously mentioned, all engineers will also need to install Q-DAS qs-STAT and raise a ticket with the IT department to be granted permissions to use the software, which engineers at ZF Pontypool can often times be a problem, as they would rather use more traditional methods. This cultural resistance and almost “fear” of technology is holding back ZF Pontypool massively. To mitigate resistance to change, structured training programmes should be implemented alongside a phased rollout strategy. Additionally, mentorship between younger, digitally competent engineers and more experienced staff can help bridge the skills gap and encourage knowledge transfer. Technical issues are also a challenge that need to be faced, with Q-DAS qs-STAT's slow software speeds, although the goal is to decrease downtime, for an inexperienced engineer using the software, downtime can sometimes be increased. System integration also becomes difficult and time consuming to implement, as each individual measuring programme must be formatted to send the measurement data to Q-DAS qs-STAT, with programmes ranging from 5 to 30 minutes of writing time, and with circa 150 programmes to be formatted, this comes out at a maximum of 4,500 minutes, or 75 hours of repetitive, monotonous re-writing of programmes. Along with the previously mentioned implementation challenges, IT dependency becomes critical, like with all IoT systems. If the network disconnects even momentarily, the measurement data will not be sent from the CMM to Q-DAS qs-STAT. Due to the size of the software size also, it can have a large amount of input delay due to the lower specifications of some workplace desktops and laptops, and in the past has led to overheating issues, which could become a safety risk if a fire were to occur. Data security risks are also prevalent and a challenge to negate, through cyber-attacks such as what Jaguar Land Rover became a victim to. The least challenging implementation factor is the cost, due to ZF generating revenues of “approximately €30.93bn in 2025” (ZF, 2026), thus making software licensing a negligible amount of money, but the downtime required for training and programme formatting can become a challenge. This highlights that whilst digital transformation through IoT offers substantial benefits, its success is highly dependent on effective change management, cyber security, and organisational readiness.





[bookmark: _Toc1210270730]8. Conclusion
This technical report has discussed digital transformation as a tool for improving quality engineering within the manufacturing sector, homing in on the implementation of Q-DAS qs-STAT software at ZF Pontypool. The findings exhibit that digitising traditional methods improve operational efficiency, product quality, customer satisfaction, and leads to reductions in process variation. By replacing manual processes with live data analysis and collection, engineers can make proactive decisions as opposed to reactive, leading to reductions in downtime and bettered production flow. Although, implementation challenges arise like with any new process. Factors such as workforce culture, fears of technology, and training needs indicate the importance of having a workforce that is ready to be committed to embrace these new, beneficial technologies and processes. This reinforces the importance of aligning technological innovation with organisational readiness to fully realise the benefits of digital transformation. Overall, the use of Industry 4.0 technologies like IoT with regards to Q-DAS qs-STAT show that ZF Pontypool are taking crucial steps towards acquiring continuous improvement in the modern manufacturing sector.
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