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Abstract 

ABB Marine introduces the Compact Azipod in the 
offshore supply vessel market on a series of three 
multifunctional platform supply/ROV vessels. High 
efficiency, improved maneuverability and station keeping 
capability, reliability, and overall cost efficiency have been 
the key criteria for the solutions and the overall system 
design. 

Introduction 

Offshore supply vessels have traditionally been equipped 
with diesel-mechanical propulsion, also for vessels built 
for DP operations, ROV support, etc. As the operation 
costs, fuel consumption, and emissions have gained higher 
attention by the operators of such vessels, more fuel 
efficient solutions with equal or higher are now becoming 
common. 

For vessels, which operate in DP or maneuvering mode for 
a large portion of their life time, it has been experienced 
that fuel costs can be reduced by at least 30-40% with a 
diesel-electric propulsion concept compared to the 
traditional diesel-mechanical. In addition, if using variable 
speed propulsion and thruster drives and azimuthing 
propulsion thrusters, the maneuverability and station 
keeping capability are enhanced, and the vessel concept 
may be made more flexible for alternative operations. As a 
consequence of this, about 50% of on-going new-buildings 
by Norwegian supply vessel owners utilize diesel electric 
propulsion and thruster systems. 

The podded propulsion concept has proven to enable ship 
designs which fulfils the increasingly higher expectations 
from ship owners and operators in a range of applications. 
The compact Azipod thruster has now been launched for 
propulsion powers of 0.5 to 5MW per thruster unit. This 
power range covers the requirements of the majority of 
offshore supply vessel types, as well as for station keeping 
thrusters in drilling ships and semi submersibles. 

This paper presents the features of an all-electric 
propulsion concept for a multifunctional supply vessel 
with compact Azipod propulsion, Fig.1. The electric power 
and propulsion system is designed and optimized for fully 
integration with the power management system and 
dynamic positioning system for DP class 2 operations.  

 

 

Fig. 1 Illustration of the multifunctional platform supply 
and ROV vessel with Compact Azipod. 

Description of the Vessel 

A series of three vessels is planned to be built by Island 
Offshore at Aker Søviknes Shipyard. The first, M/S 
Normand Rover, will be completed at the end of this year, 
and is based on a UT 745E design by Rolls Royce Marine, 
equipped for DP class 2 requirements. Her two sister ships 
are designed to fulfill DP class 3 requirements. 

Normand Rover is equipped with two compact Azipod 
propulsion thrusters in the aft, one azimuth thruster and 
two tunnel thrusters fore. All thrusters are variable speed 
controlled, and in addition the three forward thrusters are 
of controllable pitch type. An optimized combinatory 
control of propeller pitch and RPM is utilized for 
improving the thrust and power performance for all 
operating conditions.  

The vessel has been designed for multifunctional usage, 
where a flexible arrangement and outfitting has been 
selected in order to enable a variety of operations, 
including platform supply and ROV support. Fig. 2 shows 
the general arrangement of the ship design. 

 

Fig. 2 GA drawing of the UT 745E  multifunctional  
platform supply and ROV vessel. 
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Electric Power Generation and 
Distribution 

The electric power generation is driven by medium speed 
diesel engines located in two separate machinery rooms, 
feeding the two main switchboards.  

The main switchboards are connected with a bus-tie, which 
can be opened in operations with high requirement for 
system integrity or in case of faults, as defined by class 
and authoritative requirements, which may differ between 
the countries. 

It is essential for safe operations of the power system that 
the short circuit currents can be cleared without risking 
personnel injury and damage of equipment. The most 
important measures are to use short circuit proof 
switchboards, and keep the short circuit currents under the 
components’ ratings. This means, that as the installed 
power level increases, higher generation voltages must be 
considered. Since most of the load in this vessel consists of 
frequency converters that do not contribute to the short-
circuit current of the network, 690V generation and main 
distribution was found feasible although this installation 
has a close to 10MVA generator capacity. 

As the ship was built according to DnV class requirements, 
the total harmonic distortion (THD) in the main 
distribution levels should be less than 10%. With 12-pulse 
feeding of the frequency converters for the compact 
Azipods, this requirement was obtained with good margins 
for the 690V and 440V main distribution without harmonic 
filtering. In order to ensure a THD below 5% on the 230V 
distribution, static clean power supplies were supplied.  

As seen from the single line diagram in Fig. 3, the electric 
power generation and distribution system has been 
designed as a two-split system with change-over switches 
for the forward azimuth thruster, and bus-ties at all 
distribution levels. It has been outfitted with asymmetric 
power generation, with possibilities for future extension. 

 

 

Fig. 3: Single line diagram of the electric power 
generation and distribution system. 

Compact Azipod Propulsion 

The compact Azipod unit consists of four main modules: 

- Propeller, with or without nozzle 
- Electric Motor Module 
- Strut Module 
- Power Transmission and Steering Module 
 

All the modules can be dismounted for transport or for 
maintenance or replacement work. This feature also allows 
for partial deliveries to the shipyard on demand.   

The fixed pitch propeller is driven by an electrical motor, 
directly mounted on the propeller shaft. The electrical 
power is controlled by an on-board frequency converter, 
and transmitted to the electrical motor via the power slip 
rings at the power transmission and steering module. 

The electrical motor is cooled by the surrounding sea water 
through the motor housing. There is no need for any 
additional cooling media to the motor.  

The azimuthing angle control is fully electrical, with a 
redundant variable speed controlled steering machinery, 
which together with the slip rings ensures free rotation.  

The use of nozzle is a trade-off between bollard bull 
requirements, and power consumption at transit speed. The 
compact Azipod unit used for M/S Normand Rover, has 
been equipped without nozzle, in order to reduce the 
resistance and obtain a higher transit speed.  

In supply ships, the space for propulsion equipment in the 
aft section is normally very limited due to the hull shape 
and deck loading. For M/S Normand Rover it was essential 
to keep the dimensions of the propulsion equipment small 
and low. With the compact Azipod the in-hull equipment 
has been minimized, and the utilization of water cooled 
frequency converters made it feasible to install the 
complete propulsion package in the aft section, as shown 
in Fig. 5. 
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Fig.4: Compact Azipod thruster. 

 

 
Fig. 5: Propulsion  machinery arrangement  

for a supply vessel. 

 
 

Conventional vs. Podded 
Propulsion – A Comparison Study  
A comparison study between conventional and podded 
propulsion systems has been carried out by MARINTEK 

[2]. The evaluation comprised hydrodynamics, 
manoeuvrability and power consumption in transit and DP 
operation, with main focus on efficiency. The main 
conclusions from this report are summarized in this paper: 

Hydrodynamics: 

• A podded vessel has lower ship resistance than a 
vessel with conventional propulsion system, 
approx. 4.5%. 

• The increased drag of the Azipod results in a 
higher open water efficiency of the conventional 
solution. 

 

 

Fig. 6.  Example of operation profile, multipurpose DP 
vessel, ref. [2]. 

 
 
Fuel Consumption 
A multipurpose supply vessel, length approx. 100 m, was 
selected as an evaluation case. 

Case A. Equipped with 2 conventional controllable pitch 
(CP) main screws with rudders, 2 electrically driven CP 
tunnel thrusters aft and 3 CP tunnels fore.  

Case B. Equipped with 2 Azipods aft and 3 electrically 
driven CP tunnel thrusters fore. 

o When making calculations on yearly fuel 
consumption the establishment of the 
vessel’s operational profile is essential, see 
Fig. 6. In the supply vessel case there is a 
mix of DP and transit operation.  

o The study on fuel consumption concludes 
that the podded solution is as good or better 
than the conventional one for any operational 
profile. 

o The design of the propeller (a trade-off 
between optimization with respect to bollard 
pull and transit) will directly influence the 
results. 

o In DP operation the controllable speed 
solution will have a better fuel economy than 
a CP thruster, where the zero pitch power 
was assumed to be 15 % of rated power. 
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o In transit operation the conventional solution 
has a better fuel economy, due to higher 
machinery efficiency. However, an optimal 
ship and propeller design may improve the 
total ship efficiency for a podded vessel, 
which may compensate for the lower 
machinery efficiency. 

In Fig. 7 the yearly fuel consumption is plotted as a 
function of the relative time in DP vs. transit. In the 
calculations its was assumed that the two main thrusters 
were running in transit. In the DP case all thrusters were 
running continuously.  

   

 

Fig. 7:  Yearly fuel consumption estimate. 

 

Power Management System 

The operator may through the Power Management System 
perform a complete monitoring and manual or semi-
automatic control of the power system including power 
generation system, distribution system, and heavy or 
essential consumers. 

The basic requirement to the PMS is automatic power 
system restoration. For improved utilization and enhanced 
stability of the power generation and distribution system, 
the PMS also performs automatic control of the power 
system. Its functions can be divided in three main 
categories: 

- Power generation management: The PMS shall 
ensure that sufficient power is available for the present 
load condition with optimal loading of started 
generators within some predefined operation 
boundaries. In order to obtain this, the generator load 
conditions are monitored and Start/Stop sequences of 
prime movers with synchronization of generators is 
implemented.  

- Power distribution management: The 
complexity of the distribution system may vary 
substantially between installation, and the PMS shall 
handle all possible configuration of bus-tie breakers, 

generation and load configurations. Through the PMS, 
the operator may control the distribution system 
manually or semi automatically by use of predefined 
operation modes (such as transit, production, loading, 
standby, etc.) 

- Load management: In a marine power system, 
there are usually some consumers that are relative large 
compared to generator capacity. In such systems, it is 
essential to have a controlled start of heavy consumers 
to avoid blackout events. The PMS should hence be 
able to block starting of heavy consumers until 
sufficient available power is established. It will also be 
able to perform load shedding in case of any power 
failure followed by critical loss of available power. 
Where the load may be controlled, such as in frequency 
controlled drives and thruster motors, the PMS will 
force the equipment to reduce the load sufficiently to 
avoid blackout without the need for any shedding. 

 

On the Normand Rover the power management system 
includes the following functionality: 

- Automatic start/stop of diesel generators 
- Calculation of available power on each bus 
- Load control 
- Black-out prevention and recovery 
- Heavy consumer handling 

 

Dynamic Positioning System 

 

Fig. 8: ABB DP operator console. 

 

The DP system is built up of standard ABB hardware 
components and control system / operator station software 
used on thousands of onshore and offshore installations, 
see Fig. 9. In an integrated solution the DP system 
communicates with the automation control stations on 
common redundant bus. On the automation stations the 
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power management system is running and here the thruster 
interface is handled. 

The ABB DP system on the Normand Rover will be 
installed according to DnV AUTR, DP Class 2. Her sister 
ships will have an extra azimuth thruster mounted aft, and 
the overall design will satisfy DnV AUTO, DP Class 3. In 
Fig. 10 a configuration drawing of the DP system on 
Normand Rover is presented.  

  

Fig. 9: Components in the ABB DP system.   

 

A DP support station is included in the delivery, including 
the following software functions: 

- Stand-alone vessel training simulator 
- Way-point Editor with two-way interface to 

electronic chart system 
- DP and PMS data logger  

 

 

Fig. 10: Configuration of DP system with thruster 
interface through the automation control stations. 

 

The selected sensor and position reference systems for the 
Normand Rover are: 

- GPS: 1 x Seatex DPS100 
- Hydro-acoustics: 1 x Sonardyne USBL 
- Laser: 1 x Fanbeam MK4 
- Wind sensors: 2 x RM Young 
- VRU: 2 x TSS VRS 

- Gyros: 3 x Anschutz Std 20  
DP Functionality 

In addition to standard DP functionality - such as manual 
joystick control, combined joystick and automatic control, 
fixed positioning and change position and or heading – the 
DP system will have the following special functions: 

- Way-point tracking 
- Follow ROV  

 
ABB DP systems are designed using modern non-linear 
control and estimation theory, which in several 
installations have proven to enhance the performance of 
dynamic positioning.  

Progressive Gain Function 

The progressive gain functionality is an example of 
technical innovations in the ABB DP system. Traditional 
linear methods demand a thrust proportional to the position 
or heading deviation. Thus, the system’s ability to suppress 
large deviation from setpoint will often cause unnecessary 
thruster action for smaller deviations. The ABB solution 
provides automatic trade-off between the two objectives, 
resulting in significantly reduction of dynamic thruster 
action in normal operation, see Fig. 11. The robustness of 
the system is further enhanced by simultaneously 
providing more aggressive thruster action for larger 
deviations. 

 

Fig. 11:  Illustration of the progressive gain functionality 
in  the DP control system. 

 

Damping Function 

In order to ease the operation of the DP system ABB has 
introduced a new function, Damping mode. Without any 
joystick operations, the DP system can automatically 
reduce the vessel speed to zero and when the vessel has 
stabilized full station keeping can be selected, thus 
entering fixed position without no overshoot. 

All-speed Operation 
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Traditionally, the DP operator on the vessel had to 
maneuver the vessel manually in-between the transit mode 
using autopilot and the conventional DP operations. By 
using the built-in autopilot the vessel can be automatically 
controlled in the whole speed range - from transit speed to 
zeros DP station keeping (and vice versa) - in the 
following sequence, see also Fig. 12: 

- Transit, autopilot mode 
- Manual joystick control with auto heading  
- Damping control towards zero speed 
- DP station keeping  

 

 
Fig. 12: All-speed operation – automatic control from high 

speed in transit to zero speed in DP station keeping. 

Station Keeping Capability 

 
Fig. 13:  Example of station keeping capability plot for a 

podded supply vessel. Inner plot: Single worst case failure. 
Outer plot: Intact condition. 

 

The station keeping capability of a podded supply vessel is 
better than the conventional diesel-mechanical solution 
with twin main screws and rudders, due to the azimuthing 
of the Azipods. The conventional solution with active 
rudder utilization in DP operations is particularly 
vulnerable to failure cases. If one of the main screws fails, 
the effectiveness of DP rudder usage will be strongly 
limited. An example of a station keeping capability plot for 
a podded supply vessel is presented in Fig. 13. The plot is 
generated according to the IMCA guidelines [1]. 

JoyCon - Autopilot and Joystick System  
On the Normand Rover a new stand-alone joystick and 
autopilot system is being introduced, see Fig. 14. The basic 
JoyCon functions are: 

- Manual position control using joystick 
- Manual / automatic control of vessel’s heading 
- Autopilot (fixed heading / change heading) 
- Auto Fixed Position / Damping  (option) 
 

The control system hardware and software is identical to 
the DP system, except that the DP operator station and the 
operator panels are replaced by a new compact unit, 
including a high-resolution graphical color display, push-
buttons and joystick / rotation knob. The JoyCon unit has 
multiple display pages for 

- Graphical and numerical presentations of heading, 
commanded thrust, individual thruster force and 
direction, etc. 

- Alarm and event list 
- Thruster signal monitoring 
- Settings page 

 
Three JoyCon panel units, each connected to one central 
control station, are installed on the Normand Rover; one 
fixed mounted unit facing forwards (mainly for autopilot 
usage), one fixed mounted unit facing backwards (mainly 
for joystick control) and one portable unit for joystick 
control. The JoyCon configuration on the Normand Rover 
is illustrated in See Fig. 10. The thruster and power 
management system interfaces are handled through the 
redundant control bus, similarly as for the DP system. 

 
Fig 14: JoyCon 010 - State of the Art Joystick System
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