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Sensitivity Analysis of the Steady-
State Operating Area of an 
Electrically Excited Synchronous 
Machine Accounting for Parameter 
Variations 

Background and Motivation 

The electrically excited synchronous machine 
(EESM) is increasingly establishing itself as a 
resource-efficient and high-performance 
alternative to the permanent magnet 
synchronous machine (PMSM). In addition to 
the complete elimination of rare earth 
materials, it offers an additional degree of 
freedom through the active control of the 
excitation current. This enables highly flexible 
operational management but simultaneously 
places complex demands on the control 
system, particularly when loss-optimal 
operation must be ensured across the entire 
speed and torque range. 

Problem Statement and Objectives 

To fully exploit the potential of the EESM, 
precise knowledge of its operating limits is 
essential. Especially at high speeds, the 
operating range is significantly limited by the 
voltage limit of the inverter, which requires a 
precise and robust operating strategy. In real-
world applications, however, the machine 
parameters are subject to sometimes 
considerable fluctuations, for instance due to 
magnetic saturation effects, deviations in 
material properties or measurements, as well 
as thermal influences during operation. 

For this reason, this thesis aims to investigate 
the parameter sensitivity of the limit 
characteristics and the performance map of an 
EESM in detail. Among other things, the 
objective is to analyze how sensitively the loss-
optimal operation and the maximum power 
limits, especially at the voltage limit, react to 
parameter deviations. Building upon this, 

 

 

 

 

 

 

 the impact of these sensitivities on the actual 
operating strategy will be evaluated, and 
measures to increase robustness will be 
derived. 

 

Abb. 1: FEA Studie einer exemplarischen EESM 

Work Packages: 

 Familiarization and literature review, with 
a special focus on determining the 
operating strategy of EESMs, as well as 
methodologies for sensitivity analysis. 

 Familiarization with Motor-CAD and Ansys 
Maxwell. 

 Development of a routine for the 
sensitivity analysis of the steady-state 
operating strategy of an EESM, coupled 
with FEA simulations. 

 Analysis of the sensitivities across the 
entire performance map regarding torque 
accuracy and loss-optimal operation. 

 Derivation of a new operating strategy 
that is robust against parameter 
fluctuations. 

 Comprehensive and structured 
documentation, as well as clean code 
preparation (well-commented in English 
following good coding practices). 

 Comprehensive, well-organized 
documentation and code preparation 
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