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Abstract

Photo-voltaic installations and wind farms are erected faster than network extension can be
realized. Furthermore, the volatile nature of these renewable power sources leads to increased
voltage fluctuations in the connected medium-voltage and low-voltage ac grids. Mechanical
on-load tap changers are widely used to keep the voltage in these grids within prescribed
limits. However, mechanical on-load tap changers are not designed for the high number of
switching cycles that are required in grids that have high capacity on volatile sources. Their
contacts can only handle a limited number of switching actions during their lifetime.

This thesis investigates fully electronic on-load tap changers that are capable of switching
extremely fast and that exhibit virtually no wear due to switching actions.

In the first part of the thesis, topologies of classical mechanical and modern solid-state
on-load tap changers are reviewed and their operation principles are outlined. Different types
of switching cells and configurations of solid-state on-load tap changers are compared. It
is shown that modularized topologies tend to have a lower number of solid state switches
and taps and that the required blocking voltage of the switches is lower compared to less
modular topologies.

Different semiconductor switching devices are briefly discussed and the choice for the thyristor,
which features a high current capability and low losses at a reasonable cost, is motivated.
An anti-parallel connection of two thyristors is used to obtain a bidirectional ac switch.

A generalized approach for the control of the commutation process is elaborated in the
second part of the thesis. The complex switching process is outlined for different load cases
with ideal voltage and current waveforms and a simplified model of the transformer winding.
A generalized control approach is developed that reduces all possible commutations to two
basic commutation processes.

In the third part, disturbances of load current and grid voltage are investigated. The
disturbances that can be expected during operation are derived based on relevant standards
and application-specific conditions. Furthermore, the influence of the transfer characteristics
of the transformer with focus on the cross coupling of the windings is studied. Successively,
a robust control is developed. The new control scheme uses separate gate trigger signals
for each thyristor of a bidirectional thyristor pair. Thereby, safe commutation at highly
disturbed load currents is achieved. Robustness against voltage disturbances is accomplished
by a new zero crossing predictor for the grid voltage. Undesired short-circuits from tap to
tap during commutation are avoided effectively. Consequently, the stress on the switching
elements is reduced significantly.
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Based on the previous investigations, design rules for thyristor-based tap changers and the
corresponding transformers are derived.

A detailed simulation model of transformer and tap changer is synthesized in the last part of
the thesis. The model is exemplary verified using a low-power experimental setup of a 9-step
prototype tap changer. The simulation is used to comprehensively test the developed control
under highly disturbed load conditions. Basic switching tests are performed on a 27-step
prototype with a nominal regulating range of ±7600 V and a current capability of 950 A.
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