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Abstract

The disparity of the nature of industrial lithium-ion cell mass production and the trend
towards highly customized products and rising number of niche markets based on li-
thium-ion battery driven products poses a challenge for further product innovation. A
flexible, scalable production system as a response to a demand for highly customized
lithium-ion cells in low to mid-volumes is a promising concept to complement future cell
production besides highly specialized, high output production lines. This dissertation
investigates the development of flexible stacking, contacting, packaging processes, and
associated novel machinery, with a specific focus on their engineering aspects.

Through a thorough review of scholarly articles and industry reports as well as com-
mercially available components and systems, the study establishes a theoretical frame-
work for understanding the flexibilisation of lithium-ion cell production. Real-world case
studies provide practical insights into the implementation of flexible manufacturing stra-
tegies, highlighting the strengths and limitations of various approaches for equipment
implementation.

The research findings demonstrate that flexible stacking, contacting, packaging proces-
ses implemented as novel, modular machinery offer a viable alternative for low to mid-
scale lithium-ion cell production regarding product quality and productivity. These fle-
xible approaches aim to empower manufacturers to quickly address customization de-
mands and efficiently respond to varying production numbers. The developed and dis-
cussed flexible production system for lithium-ion cells thereby helps reducing time-to-
market and optimizing production resource utilization.

In conclusion, this dissertation introduces the understanding of the flexibilisation of li-
thium-ion cell production in response to customization requirements for less than high-
scale production volumes. By focusing on the real life implementation of flexible sta-
cking, contacting and packaging processes by novel machinery, the research provides
first insights for both industry and research. Considering flexible manufacturing systems
for lithium-ion cell production can spark innovation, enable efficient customization, and
ensure competitiveness in the highly competitive, fast-paced lithium-ion battery industry
and comparable markets.
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