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Fields of Application

* |ce loads on ships
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Screenshots from the DelftShip software, Parent 40 icebreaker model
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http://www.saltwaterpr.com/Content/Story/2010/Large/KM_Offshore SIM 01 m.jpg
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o Multi-vessel operations * Risk assessment
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Rohlén, 2009

10 Oct 2012 lvan Metrikin et al.




Fields of Application @ g‘?ﬁ /
* Integrated systems « Scientific research
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lllustration: Bjarne Stenberg
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Physical Ice Environment

ICE ACTIONS

|
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Ice features || Ice properties || Design scenarios || Interaction geometry || Failure modes

— Level —I Crystallography|~ «I Limit stress | —I Single | ~| Creep |
— Rafted —|Temperature ]— — Limit momentum — Multi-leg — Crushing
—{ Ridge — Salinity «I Limit force | — Out- of-plane shape — Bending
—{ Rubble H — Porosity L] Splitting — Water depth ~[Buck|ing |
{ Iceberg |H Surface tension Strength ~|Waterline shape | — Splitting
First/multi-year Friction — Spalling

Shearing

Dimensions Adhesion

Coverage
Material

Pressure/conf.
Roughness

Velocity
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lce Management

Moran et al., 2006 lllustration: Joakim Haugen
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Managed Ice
e Discrete-continuum material
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* Ice Loads Modeling for Numerical DP Simulations
— Empirical and Statistical Models
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Empirical Models

/ Ice \

Shapes and sizes of the ice features

Ice and water densities

Ice material strength

Ice floe size distribution

Ice concentration

Ice confinement

Hydrodynamics of the ice pieces (e.g. added mass)
Presence of snow cover

Qiction /

4 Vessel )

Shape and size of the hull
Mass and inertia tensor
Friction properties of the hull
Hydrodynamics of the vessel
Froude number

Qopulsion /

Ice loads = F(...)

10 Oct 2012 I[van Metrikin et al.



Statistical Approach

Ice loads = F(ice, vessel) = const
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Monte Carlo simulation

N

Gauss Poisson

Weibull /

v

Ice loads = F(ice, vessel) = F(t)

I[van Metrikin et al.
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* Ice Loads Modeling for Numerical DP Simulations

— Experimental Data Series Methods
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Open-water DP vs.
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* Ice Loads Modeling for Numerical DP Simulations

— Physically Based Modeling
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Physically Based Modeling

 Fundamental laws of physics
« High fidelity
e Real system dynamics

LS-DYMA heyword deck by LS-ProPost

Millan and Wang, 2011

10 Oct 2012

Turming Circie i Pack ice
(V=10 ki, Rudder= -30 deg )
T=08

TipZag Maneuver (Rudicer angiee.20-21)

Tem=0 8

Zhan and Molyneux, 2012
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« NTNU Numerical Model
— Model Description
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Structure of the Model B ™

d , ™~
/' NTNU numerical model \ T
- Pz DP system
F;c 2 ft ce A thrust * Trhrusr <
A 6 DOT DP VGSSGI N o Actuators —01
Ice model — =
6 DOF | Esc— 0
‘|’ T q,u,u e
T ﬂuid ? ﬂutd [Contr01] g
Fluid model N — A Q.
Buoyancy & drag Vessel-ice friction (dyn/stat) 0.0976/0.11 8
Ice-ice friction (dyn/stat) 0.05/0.1 g
Ice-basin wall friction (dyn/stat) 0.05/0.15 Q.
\ [Boundary ] | Coefficient of restitution 0.5 =
Contact stiffness 10! kg/s? ¢
. condltlons av ,a/ Contact damping 8.3-10°

-------------------------------------------

10 Oct 2012 Ivan Metrikin et al.




The DP Vessel E i% /

Length between perpendiculars | 184.00 m

Breadth, moulded 41.33 m
Design 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 bow
CAD model
Propulsion: 5.4 MN 2956 vertices
5908 faces

lllustration: Statoil - 3 aZ i m uthS Ste rn
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Ice Conditions

Assumptions

- 6 DOF RBs

- Unbreakable

- Undeformable

- No brash ice

- No added mass
- No hydrodynamic damping
- No ventilation

2.5m

Courtesy HSVA
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e NTNU Numerical Model

— Fully Coupled Numerical DP Simulations, Experimental Validation
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DP Simulations
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Ice Drift Angle = 0°
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Ice Drift Angle = 5°
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Ice Drift Angle = 10° @ 1 &

Longitudinal Force [kN]

E 2 0 g AA ﬁ f\
= : :
2 OWWM&A(}QJA&W 0L ’ A
3 3 i -600 ? |
<)
~ 0 200 400 il 600 800 1000 200 400 600 200 1000
[sec)
- Transversal Force [kN] —|ce tan k
g ! ! 1000 \ﬂ{kf
NN S O e 500t~ A~ A — :
F 5 NSl \v\’\,ﬂfﬁ/\/\/ W\ Numeric
£ 70 200 400 600 800 1000 0 200 400 600 300 1000
Lo [sec|
=) Yaw Torque [kN-m]
g 10-5| 40 000 /‘
2 10&%&% 20 000 A = m
3 : Y 32 ; i o | B e T W A
5 9'50 200 400 600 800 1000 25000
> [sec] 0 200 400 600 800 1000

[sec]

10 Oct 2012 I[van Metrikin et al. 28/31



4 Yok
Ly -L.}ﬁlﬁ_ \J
- ] b

Conclusions @ V'

To the authors’ knowledge,
this is the first publication
of a fully coupled
numerical simulation of DP
In managed ice performed
at such fidelity level
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Conclusions

Empirical and
statistical models

Experimental data
series methods

Physically based modeling

Numerical

Strengths efficiency

Reliable for certain
conditions

* High fidelity
* Real system dynamics

Recommended | Initial testing of the
usage DP controllers

10 Oct 2012

Tuning the DP
systems to a
particular set of
conditions

Ivan Metrikin et al.

 Numerical performance
assessments
* Robustness analyses
Detailed testing of the DP
control systems
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