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Fields of Application
• Ice loads on ships • DP vessel concepts
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Fields of Application
• DP control schemes • Training simulators
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Fields of Application
• Multi-vessel operations • Risk assessment

10 Oct 2012 Ivan Metrikin et al. 6/31
Rohlén, 2009 http://i.thestar.com/images/bf/16/f83e1e124d52bc368d949b6fe2cc.jpeg



Fields of Application
• Integrated systems • Scientific research
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Illustration: Bjarne Stenberg
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Physical Ice Environment
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Ice Management
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Moran et al., 2006 Illustration: Joakim Haugen



Managed Ice
• Discrete-continuum material
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Empirical Models

Sh d i f th i f t
Ice VesselShapes and sizes of the ice features

Ice and water densities
Ice material strength
Ice floe size distribution
I t ti

Shape and size of the hull
Mass and inertia tensor
Friction properties of the hull
H d d i f th l

Vessel

Ice concentration
Ice confinement
Hydrodynamics of the ice pieces (e.g. added mass)
Presence of snow cover
F i ti

Hydrodynamics of the vessel
Froude number
Propulsion

http://icyseas.files.wordpress.com/2012/06/rimg0129.jpg

Friction

I l d F( )
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Ice loads = F(…)



Statistical Approach
Ice loads = F(ice, vessel) = const

Monte Carlo simulation

Gauss Poisson Weibull
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Ice loads = F(ice, vessel) = F(t)
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Experimental Data Series Methods

I fi ld

3 DOF

Ice field
• Dyn. inertia
• Damping

• Thrust

Damping

• Ice loads
• Drag

• Coriolis
• Centrifugal• RPM

• Azimuth
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• Inertia• Azimuth



Open-water DP vs. ice-adapted DP
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Physically Based Modeling
• Fundamental laws of physics
• High fidelityHigh fidelity
• Real system dynamics

Millan and Wang 2011
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Millan and Wang, 2011

Zhan and Molyneux, 2012
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Structure of the Model
Voortex phhysics e

Wind
Waves

engine
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Waves



The DP Vessel
Length between perpendiculars 184.00 m
Breadth, moulded 41.33 m
Design draught 12 00 mDesign draught 12.00 m
Draught at aft perpendicular 12.00 m
Draught at fwd. perpendicular 12.00 m
Displacement volume 68457 m³
Centre of gravity from aft perp. 95.34 m
Block coefficient 0.75

- 3 azimuths bow3 azimuths bow

Propulsion: 5.4 MN
CAD model

2956 vertices
5908 faces
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Illustration: Statoil - 3 azimuths stern
5908 faces



Ice Conditions

Assumptions

- 6 DOF RBs
- Unbreakable
- Undeformable
- No brash ice
- No added mass
- No hydrodynamic damping
- No ventilation
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Courtesy HSVA
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DP Simulations
S l f t 30Scale factor = 30

Ice drift = 0.5 kts
ship moves p

through the ice
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The same DP control system and the same tuning as in the ice basin



Ice Drift Angle = 0°

Ice tank
Numeric
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Ice Drift Angle = 5°

Ice tank
Numeric
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Ice Drift Angle = 10°

Ice tank
Numeric
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Conclusions

To the authors’ knowledge, 
this is the first publication p

of a fully coupled 
numerical simulation of DP 
in managed ice performedin managed ice performed 

at such fidelity level
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Conclusions
Empirical and 

statistical models
Experimental data 

series methods Physically based modeling

Numerical Reliable for certain • High fidelityStrengths Numerical 
efficiency

Reliable for certain
conditions

• High fidelity
• Real system dynamics

P ibl
• Can be difficult to 

t dWeaknesses Possible 
oversimplification

extend
• Uncoupled ice-

vessel dynamics

Computationally demanding

Recommended 
usage

Initial testing of the 
DP controllers

Tuning the DP 
systems to a 

particular set of

• Numerical performance 
assessments

• Robustness analyses
D t il d t ti f th DP
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usage DP controllers particular set of 
conditions • Detailed testing of the DP 

control systems
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