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Abstract

Warranty claims analysis is fundamental for supporting and improving products in the industrial vehicles sector. Building
on our previous work that utilized embedding-based clustering of maintenance reports, this paper introduces an
advanced approach that leverages Large Language Models (LLMs) via APl integration. While our earlier method excelled
in processing large datasets efficiently, the LLM-based solution offers enhanced contextual understanding and generative
capabilities.

The new system, optimized and validated on approximately 20,000 warranty reports, automatically processes repair
documentation to extract detailed failure patterns and clusters similar issues with improved granularity. The methodology
employs a hybrid approach combining non-semantic clustering techniques with LLM processing to analyze user-defined
component and system labels. Since these labels lack rigid structure and vary with product configurations, the system
identifies common patterns across inconsistent taxonomies, enabling robust failure categorization despite labeling
variability.

By contextualizing and interconnecting related problems, it generates comprehensive analytical reports that uncover
emergent failure modes and reveal complex interdependencies across vehicle systems. Furthermore, an improved
modular architecture and an interactive dashboard enable users to explore failure clusters at multiple levels of detail, track
the evolution of issues over time, and detect cross-system dependencies previously undetectable. Despite increased
implementation complexity and LLM attention window limitations that reduce accuracy with excessive tokens, the hybrid
approach strategically balances statistical non-semantic and semantic LLM techniques to maximize the advantages of
both methods. This yields more actionable insights, setting a new benchmark in warranty claims analytics and supporting
more informed product development decisions.
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