Integrated
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thruster control -
total solutions for
electrical power

and automation in
the marine sector

ABB has developed an integrated thruster control system with significant

operational and cost benefits for the marine and offshore sector. It incor-

porates a dynamic positioning system (Dynpos), a thruster-assisted posi-

tion mooring system (Posmoor) and an automatic sailing system (Autosail).

As a leading supplier of electrical power and automation equipment to this

market, ABB can now offer total integrated solutions for improved per-

formance and reliability as well as minimized energy consumption and

CO,/NO, emissions.

ntil recently, huge oil and gas re-
sources were accessible in shallow water
and could be exploited by fixed drilling and
production units. In the North Sea, as in
several other areas, the new resources are
found in smaller and less available fields at
greater water depths. For these fields,
more cost-effective solutions based on
floating concepts for deep-sea drilling,
floating production and loading have be-
come available as a result of sophisticated
dynamic positioning systems and thruster-
assisted position mooring systems. The
power needs of position-keeping and
heading-keeping systems are considerable
due to the heavy sea and wind loads acting
on the vessels. Typically, the installed
thruster power is in the range of 12 to
40 MW. Together with the production, drill-

ing, utilities and other loads, the total in-

stalled power may be as much as 25 to
50 MW.

The high demands made on vessel per-
formance, environmental compatibility and
overall safety have resulted in more attention
being given to the total vessel concept and
the interaction between the equipment and
systems installed. Greater operational flexi-
bility is achieved with electric power gener-

ation and distribution systems for propul-
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sion, positioning, oil production, drilling and
loading that integrate all the equipment and
control systems in a common power plant
network and automation network.
Positioning systems have been commer-
cially available for marine vessels since the
1960s. However, it is only in the 1990s that
fully integrated electric power, automation
and positioning systems have come onto
the market. In the international marine, oil
and gas sector, ABB is one of few vendors
able to offer such solutions. Its uniqueness
as a total supplier with standard in-house
products is applied to creating the optimum
solution — for the customer and for the en-
vironment — in terms of vessel mission, ener-
gy consumption and safety. However, there
is still a considerable potential for cost-sav-
ing and energy optimization which can be
tapped by applying new solutions based on
so-called ‘in-between technology’ in the
fields of control, electric power and marine,
oil and gas technology. ABB is addressing

these issues with substantial R&D efforts.

ABB Integrated Thruster Control

System

The newly developed Integrated Thruster

Control System (ITCS) comprises the follow-

ing different types of positioning systems for

use on floating vessels El:

® Automatic sailing (Autosail) system for
automatic course-keeping and course-
changing during transit operations

® Dynamic positioning (Dynpos) system,
providing manual or automatic position-
ing via the thruster system

® Position mooring (Posmoor) system, pro-
viding manual or automatic thruster as-
sistance for position and heading control
of anchored vessels

® Manual thruster control (MTC) system, for
individual control of the thrusters and pro-
pellers

In addition, several operator advisory sys-

tems for operational consequence analysis,

planning and training have been developed.
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Control system configuration

The integrated thruster control system is im-
plemented on standard ABB hardware and
software platforms. The process controllers,
operator stations, information management
station and networks are chosen according
to the data processing, memory and I/O ca-
pacity and safety requirements. The oper-
ator consoles are designed to meet the
requirements of marine installations. The
consoles can be connected in different con-
figurations to satisfy the needs of the differ-
ent vessels. Gyrocompasses are used to
measure the vessel heading, and so-called
motion reference units (MRUs) provide
measurements of vessel heave, roll and
pitch motion. Taut wire, Artemis, differential
GPS/Glonass, hydro-acoustic position refer-
ence (HPR) and laser beam systems are
typically used to measure a vessel’s position.
Different environmental sensors for measur-

ing wind, current and wave data may also be
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installed. The thruster, rudder, mooring (if
any), sensor and control system configur-
ation varies for each type of vessel concept
and class.

A typical ITCS configuration for a drilling
rig is shown in E. The illustrated system
complies with Dynpos Class 3 and consists
of a refined duplex control system (A, B) and
a single back-up system (C). Two dedicated
consoles are for the manual thruster control
(MTC-A, MTC-B), one each is for operating
the Dynpos, Posmoor and Autosail systems
(DPCON-A, -B and -C), one is for the con-
sequence analysis (SIM/CQA), and another
is for operating the HPR system. Operator
training is facilitated by connection of the
ITCS training simulator to the backup sys-
tem.

The Autosail, Dynpos and Posmoor sys-
tems can be operated in several different
modes. At any given time one of the

sub-systems will always be in operation.

Offloading oil/gas from a turret anchored floating production unit
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When the operating system is in the initial
mode the thrust devices may be controlled
via the manual thruster control (MTC)

system.

Autosail system

The Autosail system El is used for long-dis-

tance sailing and has the following main op-

erating modes:

® Autopilot: for automatic course-keeping
and course-changing via control of the
thruster azimuth angles and rudders.

e Course correction: for correcting the
course set-point in response to environ-
mental disturbances and drifting.

® Tracking: a high-speed, way-point track-
ing function used for long-distance sail-
ing. The tracking mode is used to follow,
via control of the thruster azimuth angles
or rudders, a track pre-defined by way-
point coordinates.

The way-points and velocity setting can be

changed at any time by the operator, who

can also specify the maximum angular ve-
locity, off-track alarm limits and maximum

rudder or azimuth angle.

Dynamic positioning system
The Dynpos system is for manual and
automatic positioning via operation of the
thruster and rudder system. The Dynpos
control functionality is closely connected
to the surge, sway and yaw degrees of
freedom (DOF) EX, which can be viewed
as being independent of the actual thruster
configuration. Hence, the Dynpos system
allows either manual (joystick) or automatic
control of each degree of freedom.
The Dynpos system B offers the follow-
ing main modes of operation:
® |nit: for configuration, initialization and
supervision of the Dynpos system.
® Manual: in this mode all 3 DOFs are con-
trolled manually using a joystick.
® Semi-auto: a combination of manual and
automatic control of the surge, sway and

yaw.
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A typical configuration of the integrated thruster control system, Dynpos Class 3

AZ Azimuth

e}

HPR  Hydro-acoustic position reference

DGPS Differential global positioning system MRU Motion reference unit

® In auto mode all 3 DOFs are controlled

automatically by the control system. Its

functions are:

® Station-keeping: to maintain a fixed
position and heading for the ship.

® Marked position: tracking control in all
3 DOFs; the vessel moves from one
position and heading to the new posi-
tion and heading in accordance with
set-points given by the operator.

® Weather optimal positioning: keeps
the position fixed while the heading is
automatically updated; minimizes en-
vironmental loads acting on the vessel.

® Tracking: low-speed, way-point track-
ing function used when the vessel is
to follow a trajectory defined by a set
of way-points. ‘Follow ROV" is a

tracking function in which the vessel

follows an ROV according to given set-
points.

® Roll and pitch damping: to suppress
roll and pitch oscillations induced by
thrusters or environmental loads. It
can be enabled in all auto mode func-

tions.

Position mooring system

The Posmoor system is used for manual or
automatic thruster assistance when the
vessel is anchored to a mooring system. In
position mooring, thruster assistance is
complementary to the mooring system.

Normally, most of the station-keeping in

1 ROV = Remotely Operated Vehicle

ducer

PO Port
ST Starboard

surge and sway will be provided by the
mooring system. The system functionality is
similar to that of Dynpos, but there are some
additional control functions to take account
of the position mooring. As in the Dynpos
module, the control functionality is closely
connected to the surge, sway and yaw
degrees of freedom. Hence, each degree of
freedom is controlled either manually or
automatically by the Posmoor system, and
a corresponding force/moment set-point is
generated. Like Dynpos, the Posmoor sys-
tem has 4 different main modes of oper-
ation: ‘init’, ‘manual’, ‘semi-auto’ (any com-
bination of manual control and automatic
control of surge, sway and yaw) and ‘auto’
a.

Damping control may be used in any of

the 3 DOFs to reduce any large oscillatory

13
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Autosail

Init Autopilot Tracking
Configuration Course keeping High-speed
Initialization Course changing way-point tracking
Supervision Course correction

Autosail modes and functions

motion and thus reduce possible stress act-
ing on the mooring system.

‘Watch circle control’ is a monitoring
function for use at times when the thrusters
are switched off. When the ship’s position or
heading exceeds certain predefined limits or
irregularities occur the thruster system is
started and the station-keeping function is

enabled.

Operator advisory systems

These assist the operator by ensuring safe
and efficient running under the prevailing op-
erating and environmental conditions. In ad-
dition, simulators for predicting and planning

future operations have been developed.

Dynpos consequence analyzer

The Dynpos consequence analyzer is a
separate module, interfaced to the data-
base of the controller for the exchange of all
relevant parameter, measurement and con-
trol data. It describes the actual control con-
figuration and determines the prevailing op-
erating conditions. The consequence analy-
sis evaluates the ability of the remaining
thruster configuration or power system to
produce an adequate resultant thrust vec-
tor after a ‘maximum single failure’ has oc-
curred. The ‘maximum single failure’ is de-
fined for each specific system design. Typi-
cal cases are loss of one switchboard, one
engine, or a group of thrusters (common

failure mode). The analysis considers the
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average power and thrust consumption,
and is performed continuously for all de-
fined failures in any sequence. Positioning
capability plots are calculated which show

the effect of the different failure scenarios.

Dynpos simulator

The Dynpos simulator is a separate advisory
system for the Dynpos system. It performs
off-line simulations for the calculation of
thruster capacities and vessel dynamics for
operation planning under the prevailing and
forecast environmental and operating con-
ditions. It interfaces the database of the
ITCS controller to read the relevant system
parameter, measurement and control data

used to describe the actual control configur-

Surge, sway and yaw effects 4]
acting on sea-going vessels

Surge

Sway
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ation and to determine the prevailing oper-
ating conditions. The Dynpos simulator can
also be used for so-called drift-off and drive-

off analyses.

Posmoor consequence analyzer

The Posmoor consequence analysis is per-
formed at given intervals for all defined single
failures in sequence. It determines the way
in which any single mooring line or thruster
failure will effect vessel and mooring behav-
jour.

The consequence analyzer reads the
prevailing operating and environmental con-
ditions from the Posmoor process control
station (via the data highway) and deter-
mines the consequences. When these are

unacceptable, an alarm is given.

Posmoor simulator

The following simulations can be run on the

Posmoor simulator:

® Mooring conditions: determination of an-
chor positions and vessel equilibrium
position based on line pre-tension and
line direction; no account is taken of the
environmental loads.

® Fnvironmental effects: calculation of line
tension, vessel offset and vessel low-fre-
quency and wave-frequency motion,
based on wind, current and wave loads.

® Failure: graphical representation of atime
series calculation of line tension and
vessel motion over a specified time peri-
od in the event of line breakage or
thruster failure.

® Tension optimization: calculates the
winch run for optimum tension for each
line based on desired pre-tension for all
lines; the vessel position remains un-
changed.

® Re-positioning: calculates the winch run
needed to re-position the vessel without
affecting the line tension. The operator
can specify operating and environmental
conditions for the simulation, when

required in combination with data about
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Dynpos
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Init Manual
Configuration Manual control
Initialization of surge, sway

Supervision and yaw

Semi-Auto Auto
Combined manual
and automatic
surge, sway and

yaw control

sway and yaw
control

Automatic surge,

N

Weather Optimal Tracking
Positioning Low-speed
Advisory and way-point tracking
automatic WOP and follow ROV

Marked Position
Changing position
and heading

Station Keeping
Keeping position
and heading

Modes and functions of the dynamic positioning system, Dynpos

prevailing conditions from the Posmoor

controller.

ITCS trainer simulator

An ITCS trainer simulator has been devel-
oped for training operators in the use of Dyn-
pos and Posmoor. It can be delivered
as a stand-alone system with separate

console or as an integrated part of the

Modes and functions of the position mooring system, Posmoor

ITCS. The operator

weather and operating conditions that will

can specify the

be used as inputs for the vessel model. All
relevant operating conditions, control modes

and different failure modes can be simulated.

ITCS control architecture

The ITCS control

architecture consists

of a signal processing module, a non-linear

Posmoor

N

optimal feedback controller, a feedfor-
ward controller and a thrust allocation

module .

Signal processing

Signals from position reference systems,
sensors, thrusters and the mooring system
are checked for errors before being ac-

cepted and used in the controller algorithms.

Init Manual
Configuration Manual surge,
Initialization sway and yaw

Supervision control

Semi-Auto
Combined manual
and automatic
surge, sway and
yaw control

Auto
Automatic surge,
sway and yaw
control

e | N

Weather Optimal
Positioning
Advisory and
automatic WOP

Marked Position
Changing position
and heading

Station Keeping
Keeping position
and heading

Watch Circle
No control action

Damping
Velocity control
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HPR
DGPS

e
]

Thrusters

Gyro
MRU Mooring
Wind system

Thrust Sensor signal processing
allocation

Wind load

feedforward
Reference Reference

feedforward model

» »

Optimal Vessel Model
controller model adaptation
Architecture of the integrated thruster control system

DGPS Differential global positioning system

Gyro  Gyrocompass

HPR  Hydro-acoustic position reference

MRU  Motion reference unit

Each signal is processed with respect to its:
® Range and wild point

® | ow and high variance/derivative
Additional tests can be performed for redun-
dant measurements:

e Signal difference (two signals)

e Signal voting (three or more signals)

If there are two or more signals and no errors
are found in the signal quality check, a
weighted signal based on signal variance
calculations is determined and used in the
controller algorithms. The operator can
choose between manual and automatic

weighting.

Vessel model

A mathematical model describing the vessel
dynamics is separated into a low-frequency
model and a wave-frequency model. The
wave-frequency motions are assumed to be
caused by first-order wave loads. The low-
frequency motions are assumed to be

caused by second-order mean and slowly
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varying wave loads, current loads, wind
loads, mooring forces and thruster forces.
The controller compensates low-frequency
position and heading motions, but not wave-
frequency-induced motions.

The filtering of the wave-frequency-in-
duced motion components from the total
motion measurements is performed by a
non-linear observer in a Kalman filter con-
figuration.

The observer-corrected states are used in
the controller algorithms.

If heading and/or position information is
lost, the observer-predicted states are used
in the controller algorithms, being denoted

as ‘dead reckoning’.

Model adaptation

The parameters used in the mathematical
model of the vessel vary according to the
variations in the operating and environmen-
tal conditions. The system automatically

provides the necessary corrections to the
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vessel model and controller gains subject to
certain changes in the vessel parameters

and variations in sea states.

Optimal feedback controller

This multivariable, non-linear controller pro-
duces feedback control action based on the
estimated low-frequency position and veloc-
ity signals from the non-linear observer. The
controller is optimized with respect to posi-
tioning accuracy, fuel consumption and wear

and tear of the propulsion system.

Wind feedforward controller

Awind feedforward controller is used for fast
disturbance rejection involving wind loads
acting on the vessel.

The wind feedforward can be enabled
and disabled individually in surge, sway and
yaw.

Wind feedforward requires the wind sen-

sor to be enabled.

Reference model and reference
feedforward controller

To ensure high-performance tracking, a
feedforward control function based on input
from the reference model is added to the
control vector.

The reference model generates a smooth
trajectory between the previous and the new
heading and position set-points. The refer-
ence feedforward controller accounts for

inertial and damping properties of the vessel.

Line-break detection and
feedforward controller
When a line break is detected, a line break
feedforward controller in Posmoor is acti-
vated which compensates for the lost forces
and moment produced by the broken line.
The information used for line-break de-
tection is a sudden drop in the measured
tension in an anchor line, followed by in-
creased tension in the neighbouring lines
and vessel motion in the direction of the

broken line.



When the vessel is controlled in semi-
auto or auto mode and a line break is de-
tected, the system automatically shifts to
Posmoor ‘station-keeping’. The degrees of
freedom controlled manually by the operator
will remain in manual.

The line-break feedforward is slowly re-
duced to zero, the feedback controller pro-
viding the necessary control. Manual over-
ride of the line-break detection function is

possible.

Thrust allocation
Using the required forces and moment re-
ceived from the controller as a basis, the
thrust allocation algorithm determines the
optimum thrust for each thruster device, as
well as the orientation in the case of auto-
matically controlled azimuthing thrusters.
The following quantities are minimized: fuel
consumption, the difference between the
required and the resulting forces and mo-
ment, wear and tear of the azimuthing
thrusters.
Features of the thrust allocation algorithm
are:
® Flexibility: the thrust and azimuth angles
of the remaining thrusters are opti-
mized in the case of thruster failure or dis-
abling; this applies even when only one
thruster remains.
® Advanced azimuthing control: the azi-
muthing thrusters are controlled such that
the mean environmental forces and mo-
ment are optimally compensated. High-
frequency wave disturbances are dis-
regarded, resulting in very fuel-efficient
control with high performance and mini-
mal wear and tear. Moreover, for bi-direc-
tional thrusters the algorithm allows
negative thrust components to avoid fre-
quent 180° turns of the thruster. How-
ever, if a thruster applies more negative
than positive thrust during a specified
time interval the thruster is turned 180°
since the thrusters are more efficient in

the positive direction.
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® Forbidden zones: certain azimuthing sec-
tors can be configured as ‘forbidden
zones' in order to prevent loss of thrust
due to thruster-thruster interaction and
loss of HPR position accuracy due to
noise from the thruster race. The
thrusters can, however, pass through
these zones on the way towards the op-
timal direction.

® Prevention of power blackouts: if the
available power, as specified by the Ener-
gy Management System for the propul-
sion, becomes too low, the thrust is
scaled down to prevent an electrical
blackout; forces and moment are still

applied in the optimal direction.

Total integrated solution

The safety and automation system that
monitors and controls the power plant, pro-
pulsion, thruster system and process plant is
becoming increasingly important to the op-
timized running of the installations. The need
to save costs and achieve a fast payback on
investments has led to shorter lead times for
the electrical equipment — typically less than
one year from order to installation. Less en-
gineering effort is invested in the early design
stages than in traditional offshore projects,
leaving more engineering work to be carried
out in parallel with the detailed design, con-
struction and manufacturing. This new real-
ity presents challenges to owners, yards and
suppliers alike, and leaves little room for the
classical offshore engineering processes,
which are time-consuming and expensive.
Because of this, more responsibility for the
design and for interfacing the systems is
being passed to the yard. However, many
yards and operators do not have the infra-
structure needed to perform this work, so
that more and more of this responsibility is
being transferred to the suppliers. The pres-
ent trend in the market is towards greater
system responsibility having to be borne by
the vendors of the larger packages E.

These changes in the market have been
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brought about by the mutual interest of all

parties in the following:

® Dealing with one contractual partner

® Single system responsibility, thereby re-
ducing the risk taken by the customer
during construction, commissioning and
operation, and avoiding sub-optimiza-
tion, mismatch and divergence in inter-
facing and functionality

e Simplified engineering and installation
due to functionality and interfaces being
designed to proven product standards

® Asingle process signal interface and use
of fieldbus process I/Os to reduce cabling
and lower installation and commissioning
costs

® A unified system for reduced mainte-
nance and spare parts inventory

e Higher system integrity

® Safe, ergonomic operation based on a
uniform man-machine philosophy for all
the systems

® Better overall performance and stability
through utilization of the potential offered
by functional integration

e Uniform training and documentation

® Financing

The integration of power and automation

systems has both a physical and a func-

tional aspect. While the advantages of physi-

cal integration are obvious and immediately

apparent, the benefits of functional inte-

gration are more evident during operation

and result in improved safety and control

plus a significant reduction in fuel consump-

tion. Examples of functional integration are:

e |ntelligent and predictive blackout pre-
vention and active power network stabi-
lization

e Automatic/remote setting and control of
intelligent motor starters

® Enabling of a ‘sleep’ mode for improved
operational economy

e Combined power and torque control of
thruster drives, etc, forimproved dynamic
performance of Dynpos and better power

network stability
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® Advanced condition monitoring and diag- Experience based on analyses of power sta-
nostics, based on the analysis of multiple bility and positioning performance achieved
measurements with the physically and functionally inte-

Total integrated power, automation and positioning system for a drill ship

ASD Adjustable-speed drive MCC Motor control center
DP  Dynamic positioning PCS Process control system

Engine

Drilling

Drilling
control room |L_]

Thruster

Thruster
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control room

grated power and positioning system from
ABB has pointed up significant operational

and safety advantages over conventional

SWB  Switchboard
Other notation, see Fig. 7

MRUs Wind

sensors

Engineering
stations &
| X-terminals

Generators

AC drilling drive systems

Electric power generation
& distribution system

Automation &
positioning system



technology. The individual benefits of power
and automation technology, combined with
extended process knowledge, are fully uti-
lized all the way from design to operational
implementation. This is vitally important for
safe operation and maximum produc-

tion/drilling availability.

Advanced thruster control

As mentioned earlier, the positioning sys-
tems include control functions for automatic
positioning and guidance. The positioning
controller computes command signals for
the surge and sway forces and the yaw mo-
ment, and the thrust allocation algorithm de-
termines the corresponding force and direc-
tion each thruster and propeller device must
produce in order to carry out these com-
mands. Advanced mathematics based on
singular value decomposition and geometri-
cal filtering techniques are used to find the
optimal force and direction for each thrust
device while avoiding singular thrust behav-
iour. The result is reduced wear and tear and
energy consumption for all thrust configur-
ations and types of thruster. Conventionally,
the final thruster pitch or speed set-point
signals are determined from stationary pro-
peller force-to-speed/pitch mappings based
on the thruster characteristics and in-
formation on bollard pull tests provided by
the thruster manufacturer. These relation-
ships may later be modified during sea trials.
However, the thrust characteristic is strongly
affected by the local water flow around the
propeller blades, the hull design, operational
philosophy, vessel motion, waves and water
current. Deviations between these stationary
nominal force-to-speed/pitch mappings and
the actual situation due to local water flow
phenomena are not compensated directly
by the control system, resulting in reduced
positioning performance in terms of accu-
racy and response time. In addition, the per-
formance and stability of the electrical power
plant network will deteriorate due to uninten-

tional peaks or power drops caused by load
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T, Torque
Tcalc:“ 3 ! controller
LS _ Flux
w, aV\c?__» controller

ARN

Flux weakening

Torque loop in electric motor drive
PWM  Pulse-width modulation

ls, Stator current, phase A

Iy, Stator current, phase B

n,, Mechanical rotational speed
T, Torque command

fluctuations on the propeller shafts. The un-
predictable load variations force the oper-
ator to have more power available than is
necessary to be sure of preventing black-
outs. This implies that the diesel generators
will run on average for more hours at lower
loads, increasing wear and tear, and there-
fore the maintenance that is needed. A total

integrated electric power, automation and

PWM ol PWM
__ | converter
Motor
model
A
Induction
motor
Tacho

T.ac Calculated (estimated) torque

T.. Actual torque

Y, Flux amplitude command
Yo Calculated flux amplitude

positioning system featuring functional inte-
gration turns thrust allocation based on a
combination of torque and power control of
the propeller and thruster devices into an at-
tractive and feasible solution that overcomes
these problems.

The combination of torque and power
control means that the thruster allocation by

the Dynpos controller converts a thrust de-

Impact of thruster control strategies on power system stability
DG Diesel-generator set P Power t Time
Conventional thruster
control (rpm/ pitch
oA (rpm/pitch)
Advanced thruster control
(incl torque/ power)
DG 3

P

oo MLLANILA

Advanced thruster control
(incl energy management)

DG 1

VLR UU W\Aw%v

VARNAY
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Energy management system

ESD Emergency shutdown system

mand to a torque/power demand instead of
a speed reference. This also has to be re-
flected in the control configurations of the
electric motor drive, where certain modifica-
tions have to be made El.

By applying a combination of torque and
power control, the Dynpos system can
control the motor shaft power with great ac-
curacy, resulting in smaller power fluctu-
ations in the network and less likelihood of
blackouts with reduced spinning reserves.
The effect of applying combined power and
torque control on the power stability is

shown in {Y.

Coordinating role of the energy
management system

In a system with electric power instal-
lations, a vessel and process automation
system and a positioning system, the differ-
ent parts of the automation system control
‘their’ parts of the power system. The inter-
connecting point for all the installed power
equipment is the power distribution sys-
tem. Starting and inrush transients, load
variations and network disturbances due to
harmonics cause the load and generators
to interact and influence each other. Opti-
mized operation and control of the power
system is essential for safe running with

minimum fuel consumption. An Energy

20 ABB Review 1/1999

Management System (EMS) EHl optimizes

the energy balance and fuel consumption

by analyzing historical data, monitoring and

controlling the actual power generation and

distribution, and predicting and planning

future power demands.
The main functions of the EMS can be

grouped as follows:

® Power generation management: overall
control with frequency and voltage moni-
toring (monitoring, and possibly control,
of active and passive load sharing) and
load-dependent starting and stopping of
generator sets. Since control logic and in-
terlocking functions play a significant role
in the power system switchboard design,
the functionally of these systems must be
coordinated.

® [ oad management: load monitoring and
coordination of power limiting functions in
other systems, load shedding and start
interlock of heavy consumers based on
available power monitoring.

® Dijstribution management: reconfigu-
ration and sequence control of reconfigu-
rations of the power distribution system.
The distribution system should be con-
figured to suit the requirements of the

vessel’s actual operating mode.
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