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MISSIONAURORA BOREALIS

• Research in climate changes and weather conditions, 
volcanic activities and hydro-thermal vents in the deep ocean 
ridges biological processes and sedimentsridges, biological processes and sediments

• Ice breaking in 2.5 m multi-year ice/700 kPa at 3 knots ahead 
as well as in astern direction, penetrating through ridges of up , p g g g p
to 15 m (including ramming) ahead as well as astern

• Scientific drilling operations in ice covered waters
t 5000 i d th t ti th 1000 i t thup to 5000m in depth penetrating another 1000m into the 

seabed

• During these missions, the AURORA BOREALIS shallDuring these missions, the AURORA BOREALIS shall 
operate autonomously without any assistance from outside, 
e.g., escort vessels
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DESIGNAURORA BOREALIS

Starting on a white sheet of paper, Wärtsilä Ship Design Germany 
designed from scratch:

• A synthesis of:

Thank You for Your Attention 

– World’s most powerful icebreaker
– Multifunctional research vessel
– Scientific drilling vessel– Scientific drilling vessel

• 50 men-years design work 
• 27 days ice model testing

• Several patents, e. g. special hull form features                        
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combined with pitch/roll system for controlled icebreaking



PRINCIPAL DIMENSIONSAURORA BOREALIS

Length over all 199.95 m
Maximum breadth 49.00 m
Maximum draught 13.25 m
Depth to working deck 17.75 m

Service speed 15.5 knots
Maximum speed 20.0 knots
C

Thank You for Your Attention 

Complement 120 persons 
Functionality from -50°C and research 

work from -30°C to +45°C
Triple FPP propulsion plant 81 MW
Diesel-electric power plant 94 MW
Retractable transverse
thrusters 6 x 4,5 MW 
Ice class IACS PC 1

5

Ice class IACS PC 1
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DISTINCT FEATURESAURORA BOREALIS

• Special ice breaking hull form
• Forefoot with scientific and nautical echo sounders
• 2 x 3 retractable transverse thrusters

2 l bl l h 7 7• 2 closable moon pools each 7m x 7m

• Fin stabilizers
• Triple FPP propulsion plant with center rudder 
• Combined active roll/pitch system

6

Combined active roll/pitch system
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AURORA BOREALIS

PROPULSION SYSTEM DESIGN BASIS

Maximum robustness reliability and redundancy– Maximum robustness, reliability and redundancy

– Utmost simplicity of all components to reduce failure rates 
and maintenance requirementsq

– Access to all components and systems while the vessel is 
in operation for field maintenance and repairs w/o the need 
of support vessels or dry docking the vesselof support vessels or dry docking the vessel
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AURORA BOREALIS

PROPULSION SYSTEM

• In order to break ice under specified conditions, the vessel 
b i d i h hi h d i l imust be equipped with a high-powered conventional main 

propulsion system. No reliable alternative is available at this 
time

• This large amount of propulsive force installed in 
longitudinal direction can and shall be utilized during 
stationkeepingp g

• Utilizing these available forces in conjunction with simpler 
propulsors generating thrust only in transverse direction p p g g y
eliminates the need for more complex propulsors which are 
capable of delivering thrust, which is controllable in direction
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SOLUTION
AURORA BOREALIS

• Installation of several fixed-direction, reversible, (bi-
directional) transverse thrusters in the forward and aftdirectional) transverse thrusters in the forward and aft 
sections of the vessel

• These thrusters are only used during stationkeeping in open y g p g p
water and in ice. They have to be retracted inside the hull for 
the reduction of the draft as well as the resistance of the 
vessel during transit. They are also retracted during transit 
icebreaking operationsg p

• This arrangement presents the ultimate solution in response 
to the above-stated design basis criteria. It eliminates 
thrusters with directional control (no azimuthing systems) asthrusters with directional control (no azimuthing systems), as 
well as other propulsors installed in vulnerable positions 
below the hull and exposed to floating ice
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AURORA BOREALIS
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AURORA BOREALIS
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AURORA BOREALIS

12
12 Marine Technology Society  Dynamic Positioning Conference 2009    



AURORA BOREALIS

Thank You for Your Attention 
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AURORA BOREALIS

STATIONKEEPING OPERATIONS IN SOLID DRIFT ICE

• PROPULSION MODE: Conventional icebreaking with 
main propellers and thrustersmain propellers and thrusters

• VESSEL MOTION CONTROL MODE:
Icebreaking in stationery condition by induced roll and 
pitch motions of the vessel
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AURORA BOREALIS

STATIONKEEPING OPERATIONS IN SOLID DRIFT ICE
PROPULSION MODE ICE MODEL TESTS

• Oblique resistance tests in 1.0 and 2.0 m ice to obtain 
data for forces (X Y) and moments as a function ofdata for forces (X,Y) and moments as a function of 
incident angle

• Introduce these data into the vessel’s thrust allocation 
algorithm to calculate the propulsion forces required

• Calculations consider a range of thruster counterforce to
determine/select the optimum thruster size

15

determine/select the optimum thruster size 
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AURORA BOREALIS

STATIONKEEPING OPERATIONS IN SOLID DRIFT ICE

PROPULSION MODEPROPULSION MODE

THRUST (Effective Force) PROPELLER DIAMETER PROPELLERPOWER kW THRUST (Effective Force)  
kN

PROPELLER DIAMETER 
m

PROPELLER 
RPM PITCH/DIAMETER RATIO

3500 659 4.1 147 0.835

4500 797 4.1 147 0.939

5500 912 4.1 157 0.949

6400 1013 4.1 157 1.014

Thruster sizes/power ranges investigated
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AURORA BOREALIS

AURORA BOREALIS
Stationkeeping in Ice SHEET 1 of  2

Ice Fcorces and Moments during Heading and Heading Changes
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NOTES
1 AARC test values were corrected to comply with HSVA test methods
2 Some AARC and HSVA values were adjusted to represent realistic

 and average values



AURORA BOREALIS
AURORA BOREALIS
Stationkeeping in Ice SHEET 2 of  2

      Ice Fcorces and Moments during Heading and Heading Changes
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NOTES
1 AARC test values were corrected to comply with HSVA test methods
2 Some AARC and HSVA valuse were adjusted to 

represent realistric and average values



AURORA BOREALIS

Stationkeeping in Ice
Required Thruster Size 1.0 m ice
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AURORA BOREALIS

Stationkeeping in Ice
Required Thruster Size 
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AURORA BOREALIS

Required Thruster Power (Size)  
kW

Ice Drift Incident Angle 
(Degrees)

SUMMARY

Thruster Power vs .Ice 
Drift Incident Angle

3500 2.7

4500 3.2

5500 3 6 Ice thickness = 2 0 m5500 3.6

6400 4.0

Ice thickness  2.0 m

Required Thruster Power (Size)  
kW

Ice Drift Incident Angle 
(Degrees)

3500 5.7

4500 7.0

5500 7.9

6400 8.8

Ice thickness = 1.0 m
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AURORA BOREALIS

STATIONKEEPING OPERATIONS IN SOLID DRIFT ICE
MOTION CONTROL MODE

• Investigate the feasibility of breaking ice in stationary 
conditioncondition

• Design a hull shape which allows breaking of ice in 
transverse direction while the vessel is exposed to 
forced roll motions

• Design and install systems which forces the vessel to roll 
and pitch in a controlled frequencyand pitch in a controlled frequency

• Simulate the procedures in ice model tests to confirm the 
feasibility 
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AURORA BOREALIS

STATIONKEEPING OPERATIONS IN SOLID DRIFT ICE
MOTION CONTROL MODE
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AURORA BOREALIS

Vessel Motion Management

Icebreaking through Induced Harmonic Roll and Pitch Motions
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AURORA BOREALIS
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AURORA BOREALIS

Vessel Motion Management

Heading Changes with Induced Roll Motions
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AURORA BOREALIS

Vessel Motion Management

Heading Changes with Induced Roll Motions
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AURORA BOREALIS

Vessel Motion Management
Induced Roll Motions

Roll/heeling tank system

Frequency: 60 to 100 seconds

Heeling angle: 3  to 5 degrees
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AURORA BOREALIS

Vessel Motion Management
Induced Roll MotionsInduced Roll Motions
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AURORA BOREALIS

Vessel Motion Management
Induced Roll MotionsInduced Roll Motions

30
30 Marine Technology Society  Dynamic Positioning Conference 2009    



AURORA BOREALIS

Vessel Motion Management
Trim Pump Arrangement for Induced Pitch Motions
2x750 tons water in 19 seconds max.
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2x3000 kW axial flow pumps



AURORA BOREALIS

CONCLUSION

• The AURORA BOREALIS is capable of keeping station in solid• The AURORA BOREALIS is capable of keeping station in solid, 
drifting sheet ice

• Two separate techniques can be applied:• Two separate techniques can be applied:
Propulsion Mode
Motion Control Mode

• Model test indicate limits during propulsion mode at 
approximately 2.0+ m. Exact limits have to be determined 
during trialsg

• Further, substantial improvements can be achieved by 
operating simultaneously in both modes 

32
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CONCLUSION
AURORA BOREALIS

• The DP control mode anticipated during stationkeeping in ice is
DP J ti k t lDP – Joystick control

• Operation of transverse thrusters: The model tests indicate occasional 
blocking of a nozzles with big chucks of ice. Instant, short-time 
reversal of the sense of propeller rotation should blast the ice from the 
nozzle

 The operation of all propellers should be continuously monitored and 
Thank You for Your Attention 

p p p y
visually observed. The control of the thrusters and main propellers 
should be prepared to allow a manual override for one particular 
propeller to counteract ice blocking. We consider this feature essential 
for an efficient and safe operation.
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AURORA BOREALIS

Thank You for Your 
Attention 
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AURORA BOREALIS

QUESTIONS?QUESTIONS?

35
35 Marine Technology Society  Dynamic Positioning Conference 2009    


