


Figure F.3: Overview of velocity reference model.
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Figure F.4: Overview of IM reference model.
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F.4 Observer

Figure F.5: Overview of observer model.
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F.5 Controllers

Figure F.6: Overview of DP PID controller.
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Figure F.7: Overview of acceleration FB controller.
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Figure F.8: Overview of IM controller.
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F.6 Thrust Allocation

Figure F.9: Overview of thruster allocation model.
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F.7 Hydrodynamics

Figure F.10: Overview of the hydrodynamics model from MSS toolbox.
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AppendixG
Code

G.1 SAMS.itconfig

1 {
2 "simulationSettings": {
3 "frequency": 10,
4 "enableFracturing": true
5 },
6

7 "iceFieldProperties": {
8 "iceDataFile": "IceField.ice",
9 "waterDepth": 380.0,

10 "keepTankWalls": true,
11 "iceDensity": 900.0,
12 "crushingEnergyAbsorption":2.0E6,
13 "youngsModulus": 5.0E9,
14 "poissonsRatio": 0.3,
15 "fractureTouchness": 1.5E5,
16 "flexuralStrength": 5.0E5,
17 "tensileStrength": 5.0E5,
18 "friction_Ice_Ice": 0.15,
19 "friction_Ice_Structure": 0.15,
20 "friction_Ice_Walls": 0.15,
21 "minFloeMass" : 100000
22 },
23

24 "structurePoperties": {
25 "structureObjFile": "Oden_decomposed_05-04-18.obj",
26 "structureMass": 11927005,
27 "structureRadiusOfGyration": [7.45, 30.9, 30.3],
28 "structurePosition": [0, 0, 0],
29 "structureRotationAxis": [0, 0, 1],
30 "structureRotationAngle": 0.0,
31 "numberOfThrusters": 4,
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32 "position_on_rb_X": [-42, -42, 30, 33],
33 "position_on_rb_Y": [-5.0, 5.0, 0.0, 0.0],
34 "position_on_rb_Z": [5.0, 5.0, 6.0, 5.5],
35 "axis_on_rb_X": [-1.0, 1.0, 0.0, 0.0],
36 "axis_on_rb_Y": [0.0, 1.0, 1.0, 1.0],
37 "axis_on_rb_Z": [0.0, 0.0, 0.0, 0.0],
38 "propeller_thrust": [0E4, 0E4, 0E4, 0E4],
39 "propeller_diam": [4.0, 4.0, 2.0, 2.0],
40 "enableThrustApplication": true
41 },
42

43 "towingCarriageProperties": {
44 "flexibleCarriage": true,
45 "towingCarriageSpeed": 10
46 },
47

48 "flexibleCarriageProperties": {
49 "springLinearStiffness": [1E6, 1E6, 1E6],
50 "springRotationalStiffness": [80E6, 80E6, 80E6],
51 "linearDampingCoefficientOnStructure": [0.1, 0.1, 0.1],
52 "angularDampingCoefficientOnStructure": [0.2, 0.2, 0.2]
53 },
54

55 "ice3DResultExportSettings": {
56 "enable": true,
57 "outputTimeStepStride": 50
58 },
59

60 "environmentalProperties": {
61 "airDensity": 1.04,
62 "waterDensity": 1005.0,
63 "maxBodyMeshSize": 10.0,
64 "windVelocityVector": [0.0, 0.0, 0.0],
65 "currentVelocityVector": [0.0, 0.0, 0.0],
66 "waterSkinFrictionCoefficient": 0.005,
67 "waterFormDragCoefficient": 0.167,
68 "airSkinFrictionCoefficient": 0.0,
69 "fluid3DMeshSize": [20, 20, 1],
70 "numberOfFluidMeshLayers": 1
71 }
72 }
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G.2 RHAS.itconfig

1 {
2 "RHASProperties": {
3 "enableTowingCarriage" : false,
4 "portNumber" : 100,
5 "numberOfRHASShips" : 0,
6 "useJSON" : false,
7 "useCustomHydrodynamics" : true,
8 "initializeStructureAtRest" : true,
9 "iceFloesInitVelocityX" : 0,

10 "iceOutputWaterVelocity" : false
11 },
12

13 "IceFloeRemoval": {
14 "enable" : false,
15 "xPosition" : 0,
16 "timestep" : 10
17 },
18

19 "structureProperties1": {
20 "structureObjFile": "Oden_decomposed_05-04-18.obj",
21 "structureMass": 11927005,
22 "structureRadiusOfGyration": [7.45, 30.9, 30.3],
23 "structurePosition": [-50.0, 0.0, 0],
24 "structureRotationAxis": [0, 0, 1],
25 "structureRotationAngle": 0.0,
26 "numberOfThrusters": 4,
27 "position_on_rb_X": [-42, -42, 30, 33],
28 "position_on_rb_Y": [-5.0, 5.0, 0.0, 0.0],
29 "position_on_rb_Z": [5.0, 5.0, 6.0, 5.5],
30 "axis_on_rb_X": [-1.0, 1.0, 0.0, 0.0],
31 "axis_on_rb_Y": [0.0, 1.0, 1.0, 1.0],
32 "axis_on_rb_Z": [0.0, 0.0, 0.0, 0.0],
33 "propeller_thrust": [0E4, 0E4, 0E4, 0E4],
34 "propeller_diam": [4.0, 4.0, 2.0, 2.0],
35 "enableThrustApplication": true
36 },
37

38 "structureProperties2": {
39 "structureObjFile": "Oden_decomposed_05-04-18.obj",
40 "structureMass": 11927005,
41 "structureRadiusOfGyration": [7.45, 30.9, 30.3],
42 "structurePosition": [50.0, -50.0, 0],
43 "structureRotationAxis": [0, 0, 1],
44 "structureRotationAngle": 0.0,
45 "numberOfThrusters": 4,
46 "position_on_rb_X": [-42, -42, 30, 33],
47 "position_on_rb_Y": [-5.0, 5.0, 0.0, 0.0],
48 "position_on_rb_Z": [5.0, 5.0, 6.0, 5.5],
49 "axis_on_rb_X": [-1.0, 1.0, 0.0, 0.0],
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50 "axis_on_rb_Y": [0.0, 1.0, 1.0, 1.0],
51 "axis_on_rb_Z": [0.0, 0.0, 0.0, 0.0],
52 "propeller_thrust": [0E4, 0E4, 0E4, 0E4],
53 "propeller_diam": [4.0, 4.0, 2.0, 2.0],
54 "enableThrustApplication": true
55 }
56 }

G.3 Ice Stitcher

1 file = 'IM.ice';
2 filesToBeStitched = [
3 'IM_Stitch1.ice',
4 'IM_Stitch2.ice'];
5

6 //Spesify file name for the output
7 outputFileName = 'IM_Stitched.ice';
8

9 var fs = require('fs');
10

11

12 var content = fs.readFileSync(file);
13 var json = JSON.parse(content);
14

15

16 for (var j = 0; j < filesToBeStitched.length; j++)
17 {
18 var content_stitch = fs.readFileSync(filesToBeStitched[j]);
19 var json_stitch = JSON.parse(content_stitch)
20

21

22 var lastBodyNumber =
json.timeSteps[0].rigidBodies[json.timeSteps[
0].rigidBodies.length - 1].bodyId + 1;

↪→

↪→

23 var numBodiesStitch =
json_stitch.timeSteps[0].rigidBodies.length;↪→

24

25 for (var i = 0; i<json_stitch.timeSteps[0].rigidBodies.length;
i++)↪→

26 {
27 json_stitch.timeSteps[0].rigidBodies[i].bodyId +=

lastBodyNumber;↪→

28 }
29 var rigidArray = json.timeSteps[0].rigidBodies.concat(

json_stitch.timeSteps[0].rigidBodies);↪→

30 json.timeSteps[0].rigidBodies = rigidArray;
31
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32 var valueVec = json.timeSteps[0].globalVariables[
0].valuesVec3.concat(json_stitch.timeSteps[
0].globalVariables[0].valuesVec3);

↪→

↪→

33 json.timeSteps[0].globalVariables[0].valuesVec3 = valueVec;
34

35 var valueAxis = json.timeSteps[0].globalVariables[
1].valuesAxisAngle.concat(json_stitch.timeSteps[
0].globalVariables[1].valuesAxisAngle);

↪→

↪→

36 json.timeSteps[0].globalVariables[1].valuesAxisAngle =
valueAxis;↪→

37

38 var activeBodies = json.timeSteps[0].activeBodyIds.concat(
Array.from(new Array(numBodiesStitch), (x,k) => k +
lastBodyNumber))

↪→

↪→

39 json.timeSteps[0].activeBodyIds = activeBodies;
40 }
41

42

43 var obj = JSON.stringify(json, null, 2)
44

45 fs.writeFileSync(outputFileName, obj, 'UTF8');
46

47 console.log('Finnished stitching ice fields, remember to add
Domain!\n')↪→
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AppendixH
Contents of Digital Appendix

The following files are attached in the digital appendix:

• Digital version of the thesis.

• Digital version of the poster.

• Promotional video showcasing the TCP interface and other improvements.

• Complete Simulink library containing every subsystem developed in this thesis.

• Complete Simulink model containing every vessel model used for the different
simulations.

• MATLAB scripts used for initializing the Simulink models.

• MATLAB script used for calculating the level ice and managed ice resistances.

• TCP interface source code.

• Web application source code.

• Ice stitcher source code.
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