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Abstract:

With the growing development of power electronics technology onboard, ship power systems
can be seen as shipboard microgrids (SMGs), which shows specific features such as higher
torque-dense electric propulsion system, large-power pump motor loads, and smart power
management and monitoring devices. In this background, power quality issues onboard are
of a significant concern caused by the wide application of variable frequency drives such as
bow thruster drives, large power pumps loads, fans and propellers.

This project provides PQ assessment methods for SMGs under both unbalanced and
harmonic AC bus voltage conditions. The impact of voltage unbalance combined with
harmonics on the SMG behaviors are analyzed, some models and controllable experimental
research are proposed and carried out in a real ship under sea-going conditions. The
experiments are presented considering real non-linear bow thruster motor and high power
ballast pump loads at steady and transient conditions. In addition, the transient impact of
voltage dips has been carefully analyzed based on maritime standards methods. The
research work proposed modeling methods based on the critical ship system parameters,
which can be easily applied for PQ assessment onboard. Moreover, voltage dips caused by
pump loads can lead to generator unbalanced fundamental current and harmonic current
surges, which have been carefully analyzed.

On the other hand, an interesting evaluation method for voltage dips is proposed to estimate
the expected severity of voltage dips and generator current transient surges due to the
onboard motor start-ups under real ship sea-going conditions. The PQ assessment model is
based on the Riemann-summation-principle evaluation method. The methods are validated
by measurement data gathered from the practical SMG during the ballast pump motor
starts, which can provide engineers with necessary information of the actual
magnitude/depth of voltage dips and transient peak value of generator current. In addition,
the maximum allowable capacities of power motors can be estimated, which is beneficial to
determine proper motor starter designs and improve the PQ in real SMGs.

It is worth noting that power quality issues are still challenging for SMGs systemically
analysis. However, the proposed methods are able to obtain simplified models allowing
quick analysis and accurate PQ assessment in practical ships, especially under unbalanced
and harmonic voltage conditions.



