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Goal & Solutions Steps

Goal

To develop a numerical solver capable of simulating
ship breaking through an ice ridge

Solution Steps
* Ice ridges
* Discrete Element Method
e Software development
* Validation & Results
e Conclusions & Proposals
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* Dimensions

Source: Ship Breaking Through Ice Ridges by D.Ehle

* Configuration of ice ridge

Air Sail blocks
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DEM — numerical method for calculation of motion
of large number of particles

| o
2

Application in:

e Soil mechanics

e Rock engineering
e (eophysics

e Mineral processing

e Powder metallurgy

Source: http://www.metariver.kr/
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Discrete Element Method M

DEM — numerical method for calculation of motion
of large number of particles

Air Sail blocks
Consolidated layer App| ication In:

Soil mechanics

e Rock engineering
e (eophysics

e Mineral processing

e Powder metallurgy

Discrete
Elements

e |ce-related

simulations?

O Ice ridges @ DEM QO Software 1 O Software 2 O Software 3 O Results O Conclusions 6
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Program start

Graphical output

Initialization of elements . . . .
(initialized simulation domain)

Update elements

Update bounding boxes
Time increment

Update neighborhood list

Compute forces and torques

New position

i  Graphical output, velocity and
acceleration output
Program End
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Discrete Element Method EMSh'p:@
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* |[ce ridge as an assembly of discrete elements
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Introducing ship hull into simulation EMSh'p:-)J
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Hull Surface (NURBS, etc.) Hull Mesh (triangular)

NN

—

\:> i DEM data structures
# Rhino
= FACE_EQUATION
v -0 BB5TH2 -0.345188 -0.218071 VER.T—COORD faceindex1 >4
vertex index1 > 4
v -0 885702 -0.345188 -0.145154 eome _t T in o o 20
= = = 1x 2x 3x 4x
v -0.885702 -0,.330563 -0.0508542 g ry Ve | T LY T
v -0 885702 -0.328313 0.111348 | Vay [ Vay | Ve
v -0.885702 -0.322688 0.108848 | . Vie | Var [V | Vi le ZZ Z3z Z4z
1 2 3 4
f 85 63 88 - '
342 340 97
F81 50 33 tU o | 0 FACE_VERTEX_TABLE VERT_FACE_TABLE
f186 155 133 B p gy faceindex1 > 4 vertex index1 > 4
f80 31 45 L1 f1]2 11 ]1]2
d 213 (4f4 213123
314213 3 (4 (414

O Ice ridges O DEM @ Software 1 O Software 2 O Software 3 O Results O Conclusions 9



Quaternions & Spatial Orientation EMship+),
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q=w1+xI+y]+zK Definition of quaternion
I-1=-1 J-J=-1 K-K=-1 Componer_Jts:

@ 06 + sin?si 0 .
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4464 vertices
3908 faces

/[ \Mesh Xertex
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Ship Buoyancy and Propulsion EMship+),
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Cross sections

Cutting plane Contour line
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Ship Buoyancy and Propulsion
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Ship Buoyancy and Propulsion Mship+),
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Equations of Motions EMship+)

e Rectilinear degrees of freedom
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Predictor — Corrector Numerical Solver EMship

1. Predictor step

* Rectilinear degrees of freedom dt?
r=r+rdt+ TT
r=r+rirdt

* Rotational degrees of freedom dt?
q=q+adt+q—-

o
2. Corrector step 9=a+4q

» Rectilinear degrees of freedom
r =1+ CcoAr
¥ =T + ¢ AF
* Rotational degrees of freedom

g =q+ colAq
g =q+ciAq
qg=q+cAq
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Forces Calculation Mship+),

Element 1

Overlap
polvhedron

'\ Elastic Friction ‘ Buoyancy

== === Cohesion

Drag Gravity
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Hanging non-convex ship hulls EMshlp-L%

* Translation

Translated hull

Initial hull
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Rotated hull

 Rotation

Initial hull

Rotated hull

Initial hull
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Lindquist ice resistance theory
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Source: Simulation OJI‘ ice Managemef;'i" dﬁerations by Q. Hilsette

O Ice ridges O DEM Q Software 1 O Software 2 @ Software 3 O Results O Conclusions

19



Advanced Design

Visualization EMship+),
&

O Ice ridges O DEM Q Software 1 O Software 2 @ Software 3 O Results O Conclusions 20
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velocity
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Ship Velocity During Ridge Breaking
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Conclusions & Proposals

Conclusions
* Flexible software for ship breaking through an ice ridge
 DEM is suitable to model ice/hull interaction

e (Calibration of forces models and validation is required

Proposals
 Computational speed
* Levelice resistance

 Development towards brash ice, ice floes, etc.
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