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This tutorial delivers a comprehensive introduction to the technologies and
processes involved in the production of windings for electrical machines,
focusing on both theoretical foundations and practical manufacturing aspects.
As electrification advances across industries, the demand for efficient, reliable,
and high-performance winding solutions has become increasingly important.
The tutorial will address the motivation behind advanced winding design and
introduce key terms and definitions that form the basis of this specialized field.
Participants will gain insight into the various types and properties of conductors
used in windings, including copper, aluminum, and emerging materials, as well
as the manufacturing and treatment techniques required to meet specific
performance and durability requirements.
The session will clarify technical terminology, including the definition of winding
components such as coils, bars, and slots, and explain schematic diagrams
commonly used in winding design. The tutorial will also detail the significance of
packing density and fill factor in achieving optimal performance, highlighting
how these parameters influence electrical efficiency, thermal management, and
mechanical robustness. Multi-phase alternating current windings and their
impact on machine efficiency and reliability will be discussed, with examples
illustrating the benefits of different winding configurations for various
applications, such as automotive, industrial, and renewable energy systems. The
tutorial will also address the challenges associated with insulation systems,
including material selection, process integration, and the role of advanced
insulation materials in ensuring long-term reliability in demanding environments.
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A central focus of the session is the detailed presentation of winding processes and the corresponding production system technology.
Attendees will learn about the main components of a winding system, including linear and needle winding machines, as well as advanced
automated systems for high-volume production. Production diagrams for different winding processes will be presented, and the integration
of the most common winding processes into the production chain for stators will be explained, with special attention to formed coil and
bar technology, which is increasingly used in automotive and industrial applications. Practical examples will demonstrate how these
processes are implemented in high-volume manufacturing, and how automation and digitalization are transforming traditional winding
operations.
After the tutorial, you will be able to describe the basics of electrical drive technology, differentiate between conductor materials and
geometries, understand the relevance of the fill factor of a winding, reproduce the process chain for manufacturing electrical conductors,
differentiate the manufacturing components and process variants for windings, and select a suitable winding process for typical electric
motor designs. The tutorial also covers emerging trends and innovations in winding technology, such as the use of new materials, digital
production systems, and the integration of artificial intelligence for process optimization.
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Alexander Kuehl earned his diploma in
mechatronics from Friedrich-Alexander-Universität
Erlangen-Nürnberg (FAU) between in 2008,
followed by the completion of his doctoral thesis in
mechanical engineering at the same institution
from 2009 to 2014. Since 2014, Kuehl has served
as Director of the Research Center for
Electromechanical Engineering at FAU, where his
responsibilities span research, teaching, and
supervision in the fields of electric motor
production technology, inductive charging pad
production, and electric road systems production.
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