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Non-isolated load sharing direct current system operation with
use of the auctioneering diodes
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Abstract. The paper presents the background and results of numerical simulation and experimental
research of a system using auctioneering diodes used to distribute the electrical power between two power
converters connected with intermediate circuits in parallel, direct connection. Presented non-isolated power
distribution system which utilizes blocking diodes placed in DC branches are used in the selected ship's
electrical systems, however, they create problems related to control and handling ground faults. Another
issue occurring during the operation of this type of systems is increased heat dissipation while diodes
switching. Selected problems related to the operation of experimental system have been identified by means
of simulation studies and experiments carried out in a 11 kVA laboratory system and the theoretical basis
along with results are provided in the article.

1 Introduction

1.1 System consisting of inverter-generator sets

DC  distributed power systems used  onboard  of tied with direct current intermediate circuits

specialized vessels are notable for good efficiency and
high power density. There are examples given in the
literature [1], of these converters-generators units
working in the islanding (or stand-alone) mode but with
such structures integrated with a common DC bus in
parallel the potential issues which have not been
discussed widely can occur. This paper focuses on
parallel operation of two different types of alternating
current generators connected by means of voltage
sources inverters with the objective of control design and
presenting interaction issues.

Systems incorporating auctioneering diodes are used to
distribute power between renewables and their power
converters. The methods of implementation of power
sharing are described in [3] but given the autonomous
local control of the voltage sources, the focus was on
droop methods. The main purpose of the presented
system is to distribute power among the generators and
inverters as specified by the electrical management
system based on the signals analysis obtained from the
prime movers. To prevent the flow of circulating
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operation of non-isolated AC/DC converters and uneven (Ron) of synchronous (SESG) and asynchronous squirrel-cage
power sharing. (SCG) converters [4].

Corresponding author: m.kozak@am.szczecin.pl

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



ITM Web of Conferences 28, 01037 (2019)
ZKwE’2019

https://doi.org/10.1051/itmconf/20192801037

1.2 Asynchronous generator control methods
and properties

To control an asynchronous generator the special
algorithm prepared for the inverter, supporting
independent control of the magnetizing and active
current was created. The control method chosen for this
case was a multiscalar algorithm. The coordinate change
proposed in [5] for the rotor flux vector model
transforms the induction motor model into a multiscalar
model. For purpose of motor or generator control, the
transformation of the estimated stator current vector and
air-gap flux vector to multiscalar variables can be
applied by following relations:

X11 = Wr (1)
X12 = Yralsp — Yrplsa 2
Al (3)
X22 = Yralsa + Prplsp “4)

where x;; is the rotor speed, xj, is the wvariable
proportional to electromagnetic torque, X,; depends on
rotor flux value, and x,, represents the so so-called
magnetized variable. As it can be seen the asynchronous
generator torque is independent of the rotor flux position
and stator current in any reference plane so the generator
torque depends on the mutual position of the vector flux
and stator currents.
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Fig. 3. The scheme of the nonlinear multiscalar control
structure of asynchronous generator (AG).

When a generator operates within a range up to
nominal speeds, errors arising from numerical
integration of stator currents are small and can be
omitted, but in the case of field weakening region
operation, the system may get unstable. Because of this
issue investigated control algorithm was supplemented
by a disturbances observer which reduced steady state
errors in high speed region operation.

2 Experimental results of uneven load
sharing

To verify the developed power sharing method, the
proposed system was subjected to laboratory tests. To
drive the generators, inverter supplied induction
machines were utilized. Such solution made it possible

to observe the power flow and precisely record the input
parameters, such as torque and angular speed.
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Fig. 4. Waveforms of DC voltage, active current, with load
apply application and load shedding during rotational speed
changes.

3 Conclusions and final thoughts

Based on the results of the experimental studies system
consisting of two alternators can operate in parallel
connection of their intermediate circuits for a long period
of time. The amount of power dissipated in
auctioneering diodes is higher in parallel operation in
comparison to island mode therefore this type of system
requires more efficient cooling.
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