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Modeling the behavior of soft magnetic materials used in electrical machines relies on suitable 
measurements which are able to determine magnetic properties under conditions similar to those 
occurring in electrical machines. One example for such conditions is to generate a rotating magne-
tization and apply mechanical stress to the sample material during the measurement. The behavior 
of the magnetic circuit for such measurements is strongly influenced by the nonlinear magnetic pro-
perties of the sample and its shape. To overcome these difficulties, a control strategy is developed by 
applying the principles of field-oriented control known from electrical machines.

The dynamic interaction between excitation and measured voltage is analyzed and a transient simu-
lation model is implemented. The basic control problem is formulated in field-oriented equations. 
Then, the influence of nonlinearities on the control problem is examined. Based on the results of 
this analysis, a field-oriented control strategy capable of sufficiently suppressing unwanted flux den-
sity harmonics is derived. A modified coordinate transformation between physical and field-oriented 
quantities is introduced. It is shown that the modified transformation principle can map any rotating 
flux density distribution with periodically changing amplitude to the circular case. Therefore, the con-
trol strategy can be used to generate a wide variety of flux density distributions without changing the 
basic control structure. The control strategy is applied to a rotational single sheet tester capable of 
generating two-dimensional mechanical stress inside the sample. The functionality of the developed 
control is validated. The influence of different mechanical stress combinations on the measurement 
results is shown.
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Abstract
Motivation, Goal and Task of the Dissertation
A better understanding of the magnetic circuit behavior and control-
ling the magnetic material properties are some of the key prerequisites
which have facilitated the continuous development and improvement
of modern, highly utilized electrical machines and their applications.
Concurrently, increased utilization, manufacturing and changed oper-
ating conditions will also have an influence on the magnetic material.
Modeling the behavior of soft magnetic materials used in electrical
machines relies on suitable measurements which are able to determine
magnetic properties under conditions similar to those occurring in
electrical machines. One example for such conditions is to generate
a rotating magnetization and apply mechanical stress to the sample
material during the measurement. The behavior of the magnetic circuit
for such measurements is strongly influenced by the nonlinear magnetic
properties of the sample and its shape. Simultaneously, a sufficient
reduction or control of the flux density harmonics is important to
obtain valid measurement results. To overcome these difficulties, a
control strategy is developed by applying the principles of field-oriented
control known from electrical machines and considering the specific
operating conditions of the measurement device.

Major Scientific Contributions
In order to obtain a well-funded knowledge base for the control design
process, the dynamic interaction between excitation and measured
voltage is analyzed. Special attention is given to the impact of nonlin-
earities and magnetic circuit geometry on said relations. A transient
time domain circuit model capable of simulating the nonlinearities of
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the measurement is implemented.
The basic control problem of generating a circular rotating magne-
tization inside the sample is formulated in field-oriented equations
and compared to common field-oriented control variations used for
rotating electrical machines. Then, the influence of the discussed non-
linearities on the control problem is examined. Based on the results of
this analysis, a field-oriented control strategy capable of sufficiently
suppressing unwanted flux density harmonics over a wide range of the
flux density, is derived. The control strategy is analyzed theoretically
and numerically by using the developed model.
A modified coordinate transformation between physical and field-
oriented quantities is introduced. With this transformation it is possible
to use the same control strategy to generate elliptical and uniaxial
magnetizations as well. It is shown that the modified transforma-
tion principle can map any rotating flux density distribution with
periodically changing amplitude to the circular case. Therefore, the
control strategy can be used to generate a wide variety of flux density
distributions without changing the basic control structure.
The control strategy is applied to a rotational single sheet tester capa-
ble of generating two-dimensional mechanical stress inside the sample.
The functionality of the developed control is validated. The influence of
different mechanical stress combinations for axial, circular and elliptical
flux density distributions on the measurement results is shown.
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