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Overview

Converter driven applications are applied in more and more processes. Almost any
installed wind-farm, ship drives, steel mills, several boiler feed water pumps, extruder and many other applications operate much more efficient and economic in
case of variable speed solutions. The boundary conditions for a motor will change,
if it is supplied by a converter. An electrical machine, which is operated by a converter, can no longer be regarded as an independent component, but is embedded
in a system consisting of converter and motor.
An overview of existing converter designs for large electrical machines will be
given and methods for the appropriate calculation of machine phenomena, which
are implied by converters, will be derived. In the power range above 500 kVA a
wide variety of converter types exists. Either diode rectifiers as well as voltage
source converters are dominant converter types in several applications. Additionally cyclo-converters and other current source inverters are still applied in some
niche markets. The converter design is different for the individual converter types
as well. Voltage source inverters are built f.i. as two-, three- or multi-level converters. The explanation of the individual phenomena is analysed either on machine converter systems, where a phenomena is especially distinct, or for the most
dominant converter machine combinations within the market. In wide industrial
segments the asynchronous machine supplied by a voltage source converter is this
dominant system. Nevertheless shaft voltages can be excellently investigated on
large turbo-generators with load commutated current source inverters (LCI).
Due to the converter inherent higher voltage harmonics and pulse frequencies
special phenomena are caused inside the machine. These phenomena can be the
reason for malfunction. Additional losses create additional temperature increases
or voltage peaks mean higher stress levels for the insulation. Torque ripple can occur, which endanger the mechanical shaft system and last but not least shaft voltages are induced, which are sometimes sufficient in amplitude to damage bearings
or to disturb sensors of the protection arrangements.
Variable speed means also, that effects, which would be related to the grid
frequency for direct on line applications, will occur for a variable fundamental
frequency. Electromagnetic forces, which act as source for noise, will be activated
with variable frequencies. Eigen-modes, which have not been excited from the
grid frequency, may be dominant due to resonance effects at converter imposed
speeds. Direct on line machines can be operated at low damped over-critical
speeds, if the distance to the closest critical speed is for instance 15 %-20 % of the
rated speed. In a variable speed application this constraint is not sufficient. Low
damped critical speeds should not occur within the complete speed control range
and 15 %-20 % beside of it.
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Last but not least two typical converter applications will be analyzed, which are
typical for most of the converter applications. Both have certain relevance for the
global warming. Converter pump drives will contribute towards energy efficiency
in a system and the consideration of efficiencies in steel mill applications means a
real challenge regarding their overload requirements.
Most chapters are based on the authors’ industrial experience in combination
with available literature. Deep investigations in insulation systems are important
to design a machine, which is appropriate for converter applications. Due to the
authors’ lack of experience in this area, chapter 8 is based strongly on the work
from Dr. Kaufhold, [8.5].
The work on this book lasted several years. Several people supported me during
this time in different ways. Prof. S. Kulig motivated me to start at all. He created
the awareness of a scientific harbor in Dortmund, where it is possible to get support and new ideas at any time. Especially Dr. S. Exnowski led me through the
labyrinth of numeric structure dynamic calculations for the chapter of noise. The
final version of the thesis is the result of the dedicated encouragement from Prof.
W. Hofmann in reviewing and discussion on individual topics. Prof. K. Reichert
and Prof. A. Lindemann took over the second review. I am very conscious of the
support, which I received from several colleagues in Birr and Nürnberg. I want
especially to thank K. Bauer for the voltage measurements, as well as H. Kleinod
and Dr. C. Mundo for the good will, with which my scientific “hobby” was looked
at. Last but not least I am in debt to my family Perrine, Lara and Pierre for their
patience during the last years.

Herscheid, July 2008

Oliver Drubel
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