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Abstract:
The UltrAdapt project at Aalborg University
aims to use non-invasive measurement tech-
niques of fluid film thicknesses to estimate states
inside journal bearings. In order to aid this work
a test bench has previously been developed but
it is of interest to improve upon this. The band-
width of the solenoid actuators, included in this
test bench, are of special interest. Thorough
transient FE analyses of the actuator shows how
eddy currents effectively suppresses the develop-
ment of the magnetic field within the actuator.
An optimisation algorithm is developed based
on the FE model in order to place strategic cuts
in the actuator material and thereby suppress-
ing eddy currents during transient operation. A
total of 17 cuts are made, eight in the plunger,
eight in the center piece, and a single slit in the
internal aluminium tubes which improves the ac-
tuator bandwidth from 5 Hz to 38 Hz. A control
algorithm consisting of a feed forward, a pro-
portional controller and an unconventional inte-
gral controller is proposed, designed and imple-
mented in order to further increase the actuator
bandwidth to 39 Hz as well as ensuring a DC
tracking performance of �0:01 dB at a full scale
input. A Kalman filter is also developed and
tested on experimental data with the primary
focus of increasing system robustness, though it
is not implemented on the real time target con-
trolling the actuator. Final results indicates that
only minor further improvements of the band-
width can be made on the system since limita-
tions in the input voltage is the primary imped-
iment towards a higher bandwidth.
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This report is written as a master thesis group project on the Master in Electro-Mechanical System Design
at Aalborg University under supervision of Associate Professor Per Johansen and Associate Professor
Michael Møller Bech. The authors are Daniel Woldbye Steffensen, Frederik Sanderhoff and Jens Erik
Damgaard Mejdahl, who have developed the report in the project period from 1st of February to 2nd of
June 2022. The authors would like to thank Associate Professor Per Johansen and Michael Møller Bech
for their insight, supervision and help. Additionally the authors would like to thank PhD fellow Elias
Vagn Hansen for his inputs and support.

The target recipients of the report are the supervisors at Aalborg University, external examiner and
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Reading manual

The source citations is based on the Harvard referencing method. With the source citations written in
parenthesis right after the quote, e.g. (Surname year) or as a part of the text, e.g. Surname (year). The
sources are presented in the bibliography after the main report. All units used in the report are denoted
in SI-units or derived thereof. Throughout the report, names like "solenoid", "actuator" and "solenoid
actuator" all refers to the specific solenoid actuator of interest in this project. The expression "DC" is in
this report synonymous to steady state.
References to appendix, equations, figures and quotes follows the approach in the following example:
’shown in Figure 2.1’, referring to the first figure in chapter 2. When the figure is positioned on another
page or section, the reference is instead written as ’shown in Figure 2.1 on page xx’. Appendix E and F
is of such significant size that the files are attached in the external zip-folder.
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