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ABSTRACT

Abstract

The primary aim of this thesis is to investigate the small-signal dynamic performance
of high voltage direct current (HVDC) transmission links based on voltage source
converter (VSC) technology operating in parallel with the existing longitudinal Australian
power system. This thesis presents the principle design methodology to achieve robust
controllers for VSCs including inner current controller, outer power and voltage controllers
as well as the supplementary damping controllers for enhancing the small-disturbance
rotor-angle stability of a weak multi-machine power system with embedded VSC-HVDC
links.

Three types of linear current controller schemes (proportional-integral, proportional-
resonant and Dead-Beat schemes) are investigated and discussed in detail to identify the
most suitable control method. Due to its wider bandwidth and superior performance under
unbalanced operating conditions, the Dead Beat current controller is set as the inner current
controller that has not been analysed in detail in the literature.

A new methodology for the selection and optimization of the parameters of the
proportional-integral compensators in the various control loops of a VSC-HVDC
transmission system using a decoupled control strategy is also proposed in this thesis. It
was found that the new methodology is effective in a relatively strong system. However,
since the method did not take various operating conditions and system disturbances into

account, it will not be effective in a relatively weak system. The analysis shows that the
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design of robust outer loop controllers is challenging due to the limited bandwidth of the
inner current controller in a weak AC system. Therefore, the second primary objective of
the project was to develop a simple fixed parameter controller, which can perform well
over a wide range of operating points within the active/reactive power (PQ) capability
chart of the VSCs. To achieve this second objective, various grid conditions including
various Short Circuit Ratios (SCRs), different X/R ratios and PQ capabilities of the VSC
system were studied.

To support the primary objectives, a detailed higher order small-signal model of the
DB controlled VSC is developed and systematically verified. As an original contribution,
the study developed a new methodology to linearize the modulator/demodulator blocks
which are used to develop the small signal models for several key components such as the
sampling block, the delay block and the DB inner current controller.

The initial values of the PI/PID compensator parameters are obtained by applying the
classical frequency response design methods to a set of detailed linear models of the open-
loop transfer functions of the VSC-HVDC control system. It was concluded that an
iterative process may be required after examining the co-operation performance of these
controllers designed.

In the final chapter of this thesis, the small-signal rotor-angle stability of a model of
the Australian power system with embedded VSC based HVDC links was examined. For
the analytical purposes of this thesis a simplified model of the Australian power system is
used to connect the high capacity, but as yet undeveloped, geothermal resource in the
region of Innamincka in northern South Australia via a 1,100 km HVDC link to Armidale
in northern New South Wales. It is observed that the introduction of the new source of
geothermal power generation has an adverse impact on the damping performance of the
system. Therefore, two forms of stabilization are examined: (i) generator power system
stabilisers (PSS) fitted to the synchronous machines which are used to convert geothermal
energy to electrical power; and (ii) power oscillation damping controllers (PODs) fitted to
the VSC-HVDC link. In the case of the PODs two types of stabilizing input signals are
considered: (i) local signals such as power flow in adjacent AC lines and (ii) wide-area
signals such as bus voltage angles at key nodes in the various regions of the system. It was
concluded that the small-signal rotor-angle stability of the interconnected AC/DC system

has been greatly enhanced by employing the designed damping controllers.
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