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Abstract

The increasing focus on sustainability is pushing companies to update their production systems. These
systems need to facilitate the production of products with the latest sustainable technologies and innovations,
while also producing these new products with lower environmental impact. To maintain high customer
satisfaction, these systems must consistently deliver high-quality products. However, current quality
management approaches, focused on minimal variations, might hinder this shift.

Zero Defect Manufacturing (ZDM), an emerging quality approach, leverages Artificial Intelligence (AI) to monitor
products and processes in real-time, allowing for early defect detection and prevention. Many production
systems generate vast amounts of data which is often not used to its full potential. Research shows that AI has
the potential to unlock the hidden insights within this data, leading to transformative improvements in quality
and overall efficiency. However, successfully adopting AI-driven ZDM requires expertise in AI and production
while also overcoming technological and organizational challenges.

The purpose of this licentiate thesis is to investigate the adoption of AI-driven ZDM in production systems,
examining its impacts, challenges, and facilitators during the development process. The research involved
collaboration with a company producing transmission components for the heavy-duty automotive industry. A
two-year case study was conducted, enabling the in-depth exploration of data throughout the development of
four real-world AI-driven ZDM applications in a production system. This approach provided valuable insights
into the practicalities of adopting AI to ensure ZDM.

The findings show that successful implementation requires specific prerequisites: lean manufacturing practices
lay the groundwork for AI integration, a high-impact quality issue motivates investment and data collection,
collaboration among diverse experts is crucial, and robust IT capabilities ensure smooth data storage and
analysis. Furthermore, anomaly-detection AI models and the generation of "plausible defects" are key enablers
for overcoming data limitations in complex defect detection. The study emphasizes the importance of early
engagement to identify data needs, define extraction methods, and address potential implementation
limitations. 

In addition, it recommends an iterative approach to continuously improving the solution and incorporating
feedback throughout the process. This comprehensive approach can pave the way for a future of sustainable
manufacturing, leading to significant cost savings and increased customer satisfaction.
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IndTech graduate school is an industrial Ph.D. school at MDU offering advanced
training in the field of industrial digitization, a new and emerging field of technology that revolutionizes all
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