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Abstract

Structural and Hydrostatic Analysis of Deployment
Vessel

Oskar Flink, Tommy Holmberg

This research investigates the structural and hydrostatic stability of a barge of two
different designs used for deploying wave energy converters (WECs) developed at
Uppsala University. The key points examined are structural design, static stability and
deployment strategy for WECs. This kind of research is needed for every unique
design of a floating vessel to ensure the safety of the vessel. To design vessels and to
simulate their structural stability, Solidworks 2014 has been used. The static stability
has been analysed with ANSYS AQWA 16.0. The two programs have been used
together to answer the questions addressed. We expect that this research will be
used as a preliminary study for future development of the deployment vessel.
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1 Introduction 
   As more and more people turn to renewable energy as a sustainable source of power, the demand 

for such generators has risen. To satisfy this growing market many new companies have sprouted 

with new ideas. One of these companies is Seabased Industry AB, a spin-off company of the 

Swedish Centre for Renewable Electric Energy Conversion at the Ångstrom Laboratory, Uppsala 

University. Seabased Industry AB manufactures wave energy converters, WECs, as well as 

deploying them. [1] 

   One problem with the deployment of these WECs is that it takes a lot of time as well as calm 

weather for a safe deployment. One of the current methods of deploying WECs uses a barge that 

carries one WEC and the process takes up to eight hours to complete. [2] 

   Another method of deployment is to hire a big ship to deploy several WECs at the same time, this 

was done using a ship called the Dina star. It is very time efficient but it costs a fortune for the 

company to hire this kind of ship and it will not hold in the long run. Another solution is needed for 

the company to make the deployments safe, fast and cheap. [3] 

   To ensure this, the task was given to design a shipping barge specially for deploying WECs and 

other Seabased Industry AB devices such as substations. A special barge like this has not been built 

before and the research is necessary to keep the cost low for the deployment. 

   In order to obtain the most effective deployment vessel, a study with various dimensions, drafts 

and WECs allocation on the vessel, needs to be done. Hydrostatic as well as structural analysis needs 

to be taken into account. To study these properties several methods were used. Solidworks was used 

for the geometry and Ansys Aqwa for hydrostatic calculations. A new method to determine statical 

stability was tested but more research on this method is needed. 

   Some other questions that needs to be further researched are:  

What are the optimal dimensions? 

How many WECs can be loaded? 

How many cranes needs to be mounted on the vessel? 

   After this research we hope to use this as a study for future works and in the end build a fully 

functioning barge. The attendants of this project will also have a better knowledge of shipbuilding 

and offshore hydromechanics.  
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2 Theory 

2.1 Structural Design 

2.1.1 Structural 

   Beams help the structure to stay upright, like a skeleton in a human body. [4] H-beams are beams 

shaped like an H, the vertical elements are called flanges and the horizontal element is called web. 

This shape reduces mass without losing strength in the horizontal direction. It can hold about four 

times more weight in the horizontal direction. Figure 1 illustrates that an H-beam is bended more if a 

force is applied to the top side of the beam (on the left-hand side) rather than the same force is 

applied to its side (on the right-hand side). Since the load on the vessel will create a downward force 

on the deck, it should be a good choice to use H-beams to uphold the structure upright under heavy 

load. The H-beams then need to be oriented so that the web is parallel to the load force.  

 
Figure 1. Force applied to an H-beam from two directions. If the force is applied on a flange, it bends a 

lot less than if the same force is applied perpendicular to the web. 

2.1.2 Shell thickness 

   According to K. Register “Rules and Guidance for the classification of Steel Barges”, the 

thickness of the hull plates needs to follow a standard which states that the minimum thickness of 

plates is not to be less than t [5]: 

                         

where L = length of the vessel. 

   This has been used for all plates. The thickness of different parts of the ship will vary when 

constructing a real vessel. The material chosen for the plates will be scrap metal, which is a mixture 

of leftovers from other constructions making it both cheap and sturdy. For the simulation a material 

called “Plain Carbon Steel” was used as this is very similar to actual scrap metal, see Table 1. 

 

          Table 1 Properties for plain carbon steel 

Mass density Elastic modulus Yield Strength Tensile Strength 

7800 kg/m
3
 2.1*10

11
 N/m

2
 220594000 N/m

2 
399826000 N/m

2 
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2.2 Hydrostatic properties 

2.2.1 Definitions 
   When talking about a floating vessel some keywords need to be understood. The coordinate system 

used when describing a vessel will be orientated six degrees of freedom, as represented in Figure 2 

with X-axis in the surge direction, Y in sway direction and Z in heave direction. Rotation around the 

three axis are called roll around the X-axis, pitch around the Y-axis and yaw around the Z-axis. The 

origin will be placed in the center of the vessel in the XY-plane and the Z-translate at the water level. 

 
  

 

 

  

Figure 2. Six degrees of freedom for a floating vessel. 
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2.2.2 Trim, heel and draft 

   Trim is a rotation in pitch direction, heel is a rotation in roll direction and draft is a permanent 

heave translation. Permanent trim and heel can happen due to uneven loading or a leak, while draft is 

due to how much load is on the vessel. 

2.2.3 Center of mass (CoG) 

   The center of mass, G in Figure 3, is calculated in 

Solidworks as the average weighted position of the 

mass of all parts. This is the point where the gravity 

force is is applied. 

2.2.4 Center of buoyancy (CoB) 

   The center of buoyancy, B in Figure 3, is the 

centroid the displaced water volume. This is the 

point where the upward buoyancy force is applied 

as stated by archimedes principle. [6] CoB is 

calculated by ansys with formula 

    
          

  
 

where    is the CoB,   is the density of water, S is 

the wetted surface of the body, X is the location of a 

point on S, Z is the vertical coordinate of X,    is the 

normal unit vector pointing out from the surface. [7]   

2.2.5 Righting arm  

   A floating body equilibrium state is when the CoB and CoG are located on the same line 

perpendicular to the water plane. When a floating body tilts, the CoB or CoG can move away from 

that line and from each other. If that happens, the gravity and buoyancy forces applied to CoG and 

CoB respectively will cause a moment equal to the product of buoyancy force and GZ and acting in 

the direction opposite to inclination GZ called the righting arm. This means that the buoyancy force 

will push the submerged part of the ship upwards and the force of gravity will push the ship 

downward. The length of this righting arm is defined as the displacement along the Y-axis between 

the CoG and the CoB. The force of this arm, the righting moment, is defined as length times 

displaced weight. This used to calculate the forces acting on the floating body when it is rotated from 

its equilibrium state.  

   As the vessel tilts with an angle, as seen in Figure 4, the CoB will move from B0 to B1 where B0 

and B1 are the centroids of displaced water volume, with the waterline W0 and W1 respectively. The 

CoB will always be the centroid of displaced water and as a vessel tilts this volume will change its 

shape depending on the geometry of the vessel. At first the CoB will move away from its initial 

position but at a certain angle   the CoB will start to move towards its initial position again. Tilting 

the vessel enough would thus move the CoB enough to align CoB and CoG. At this point the 

righting arm is equal to zero and the vessel is in a very unstable position where any further tilt would 

result in the ship keeling over.[8] 

 

  

Figure 3. Cross section displaying CoG, CoB 

and righting arm for some angle of heel. 
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2.2.6 Initial Metacenter 

   Metacenter is an imaginary point in 

space. It is used to approximate how large 

the righting arm will be when the vessel is 

rotated around the metacenter with some 

small angle. Metacenter is not a fixed 

point, but for small angles its location can 

be assumed to stay the same. For larger 

angles, it will move too much.  

   If the water plane rotates with some 

angle from the vessels upright position, the 

location of the CoB will change. If a line is 

drawn from the first point of buoyancy 

perpendicular to the water plane, and 

another line is drawn from the second point 

of buoyancy perpendicular to the rotated water plane, the initial metacenter will be where these lines 

intersect. If the water plane would rotate from a position where the vessel is not upright, the point 

would be called pro-metacenter.  Pro-metacenter will not be used in this study, but it should be 

mentioned to clarify that it is the initial metacenter that is being used. 

  A large metacentric height, measured from CoG to metacenter, means that the restoring forces will 

be greater when the vessel is rotated from its upright position. However, if the metacentric height is 

too large it will cause seasickness because the restoring forces overcompensate, thus creating 

excessive rocking of the vessel due to a short rolling period. 

2.2.7 Rolling period 

   The rolling period is measured in seconds and shows how long it will take for the vessel to rock 

one period. Using the metacenter GM and the radius of gyration k for the vessels, the rolling period 

can be calculated as    
       

     
   where g is the gravitational constant. [9] 

 

  

Figure 4. Metacentric height for a small angle of heel. 
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3 Method 
   The design of the vessel came from two ideas, a vessel that could easily be pulled with precision 

using a fork-like pattern with two arms and a vessel that could carry a big load and unload with a 

moon pool which gives a safer deployment and submersion as the moon pool will be isolated from 

the waves outside the barge. Let us call these two vessels 1 and 2 respectively, where 1 is the more 

precise vessel with the two arms in front and 2 is the more stable vessel with a moon pool. 

 

3.1 Solidworks 

   To design the vessels, Solidworks 2014 was used. The first task was to design two separate hulls 

for vessel 1 and 2, these were modeled from designs on already built and working barges. They were 

then redesigned to fit the designated purpose. The properties can be seen in Table 2.  

Table 2. Properties of the vessels 

Properties Vessel 1 Vessel 2 

Length 50 m 50 m 

Width 20 m  20 m 

Height 5 m 5 m 

Mass unloaded 338 tonnes 368 tonnes 

Mass fully loaded 688 tonnes 818 tonnes 

Area of deck 805 m
2
 951 m

2
 

Total volume of hull 3501 m
3
 4230  m

3
 

Size of moon pool ---- 7 x 7 m 
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3.1.1 Geometry of vessel 1 

   One of the vessels will be designed with two arms. A tugboat can be placed between the arms, thus 

giving the captain a better precision in steering the vessel to the deployment location. The barge can 

also dock smoothly with the arms around the pier. This will also make the vessel easier to keep in 

place and prevent drifting from the tugboat. The crane will be placed between the two arms. The 

ship will have more draft in the aft, therefore the crane will be placed toward the fore of the ship as 

seen in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   A docking structure for the tugboat can be placed between the two arms, see the dotted line in 

Figure 5. This will allow WECs to be deployed to three sides: starboard, port and fore. The arms are 

too narrow to carry a WEC, but they can carry miscellaneous loads for example tools and ropes. 

  

Figure 5. Vessel 1 with two arms. The red box is the 

position of the crane. The yellow objects are the 
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3.1.2 Geometry of vessel 2 

   The second vessel will have a moon pool, see Figure 6. It was designed to take larger loads and to 

deploy them in the water through the moon pool. This will make the vessel more stable and there 

won’t be any large displacements of weight overboard. The moonpool will also allow for 

deployment when weather conditions are harsher. The stability of the vessel will also give future 

designers greater margins when redesigning a similar vessel.  Making the vessel 5m high would 

allow it to take loads several times its recommended load without danger of sinking. The flat 

geometry and low draft makes the vessel very stable, thus allowing more load in the future if 

necessary.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   The placement of the moonpool, at the fore of the vessel will allow a second crane to be attached 

[see future works] at the aft, thus allowing two WECs to be deployed at the same time as the 

distance between the moonpool and the aft will be 25 m, the same as Seabased Industry AB  use 

today. 

  

Figure 6. Vessel 2 with a moonpool. The red box is the 

designated position for the crane. 
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3.1.3 Beams 

   The beams used inside the structure were designed as cubes with high durability, see Figure 7, 

with a structure similar to bridges and transmission towers. Both vessel 1 and 2 use some of these 

cubes in common but some unique designs were needed for both of the vessels. 

   The main structure, the cube is used to hold most of the load and the deck. They were designed to 

allow for great loads and they also give the ship it is rigid structure. For vessel 2 a longer version of 

this was used to make the moon pool rigid, see Figure 8 and Figure 9. 

   The front and the back of the vessel uses special chamfered beams, see Figure 10, that gives the 

vessels even more stability and endurance for forces from the hull and the deck. It is, however, not 

recommended to place big loads on these structures. 

  

 

 

 

 

  

Figure 7. Cubic beam Figure 8. Moonpool beam 

Figure 9. Special long cubic beam Figure 10. Special chamfer beam 
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3.1.4 Placeholders for crane 

   As the model of the crane and the exact shape of the WECs were not determined when the project 

launched placeholders were used for these two. The crane was assumed to weigh 50 tonnes as a 

larger crane with very high load capacity was not needed for this kind of operation. The crane had to 

be able to lift at least 60-80 tonnes but preferably more without weighing down the barge too much. 

Using a crane that weigh 50 tonnes were deemed as a good approximation. [10] 

3.1.5 Cross curve 
   A cross curve was obtained by the help of Ansys by adjusting two parameters of the vessels, the 

angle or roll and translation in heave-direction (Z). The different angles of roll that were used were 

15, 30, 45, 60, 75  and  90. For every angle of inclination the vessels were then lowered into the 

water by 0.5m for every point of data until the vessels had a displaced volume of water over 2000 

tonnes. The cross curves can be used to see if a vessel will keel over at a certain load and angle of 

inclination. 
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4 Results 
   The results of this project were two models with different geometries made in Solidworks, 

complete with beams and placeholders for the WECs and the crane. These models were used inside 

ANSYS Aqwa to gather results of ship stability.  

4.1 Structural analysis 

4.1.1 Displacement analysis 

   A displacement analysis of the beams in the vessels was made to determine if the beams could 

hold the weight of the WECs. An evenly distributed load of 1000 tonnes was applied on the deck, 

the bottom of the hull was fixed. The result and setup, as seen in Table 3, shows a maximum 

displacement of 1.2 cm. This result is acceptable as the displacement only displaces 0.024% of the 

beam’s full height. The displacement was plotted with a color scheme inside Solidworks, as seen in 

Figure 11, the results are however deformed to emphasize where the largest change is. It is safe to 

say that it will hold. 

 
Table 3. Setup of a structural analysis 

Load 1000 tonnes  

Fixtures Bottom of hull 

Maximum displacement 0.012m 

 

 

Figure 11. Deformed results of displacement study 
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4.1.2 Stress analysis 

Even though the displacement analysis shows that the vessel can handle the load very well, a stress 

analysis is also required to ensure that the vessel will not break. The stress plot in Figure 12 shows 

that there will be a maximum stress of 1.261*10
9
 N/m

2
. Since plain carbon steel has a yield value of 

approximately 2.2*10
8
, there will actually be some permanent deformation of this vessel. The 

highest stress is located on a small area on the beams at the aft of the ship, which means that the 

beams will have to be enhanced with additional structures. 

 

Figure 12. Deformed result of stress study 
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4.2 Static stability 

   The results of the static stability analysis showed that both vessel 1 and vessel 2 will be stable both 

initially as well as for different angles of inclinations. 

   To calculate initial stability for a fully loaded vessel the initial metacenter is used as this will show 

if the vessel will roll over in its initial position. The Rolling period was also calculated for each 

vessel to see if a crew would get seasick while onboard, see Table 4. 

Table 4. This table shows the metacenter and rolling period 

 

Vessel 1 Vessel 2 

Initial metacenter [m] 41.50 31.17 

Rolling period T [s] 1.90 2.2 

4.2.1 Draft 
   In Figure 13, the relationship between draft and mass of the vessel is plotted. This was done using 

the geometry of the vessels along with calculations for the draft (see Appendix [1]). The resulting 

graph for vessel 1 and 2 shows how the draft changes with every evenly distributed added tonne.  

   The vessels unloaded draft is calculated to be 0.62 for vessel 1 and 0.56 m for vessel 2. The 

maximum anticipated loads of the vessels are up to 1000 tonnes but the vessels could carry much 

more. With greater loads the CoG 

will move upwards from the water 

plane, which will make the righting 

arm smaller.  

 

 

4.2.2 Trimming 
   The trim of the vessels have been 

calculated inside Ansys by trimming 

the vessels until the CoG and CoB are 

in equilibrium. This gives us the trim 

with fairly high accuracy. The 

permanent trim of Vessel 1 is 0.79° 

and 1.45 ° for vessel 2, when fully 

loaded. 

  Figure 13. Draft per tonne for vessel 1 and 2 
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4.2.3 Using metacentric height as a measurement for stability 

   The metacentric height can be used as a measurement of stability but only for small angles as the 

metacenter will become inaccurate for angles over 7°, in theory. 

   The results of an inclination test for small angles with rotation around the center of floatation gave 

a graph, see Figure 14, that shows that we can only use metacentric height as a measurement for 

stability for angles less than 6° for these vessels. 

 

  

Figure 14. Metacentric height against angle of 

inclination. 
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4.2.4 Cross curves 
   Cross curves can be used to approximate how large the righting arm will be at certain angles of 

inclination and drafts. Two of these graphs were made for the vessels, see Figure 15. 

 

 
 

 
 

    

 

   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Righting arm against volume of water displaced for 

different angles of inclination 
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   Vessel 2 seems to have cross-curves that are closer to straight lines, which means that the righting 

arm will change almost linearly for different drafts. Vessel 1 on the other hand will lose more of its 

restoring forces at larger drafts. The larger the righting arm, the larger the restoring energy is to 

return the vessel to its upright position. 

   As seen in Figure 16, the barge will be very stable up to 18°, this is the safe zone where there will 

be no risk of rolling over. After that the barge will lose some of its restoring properties but it is not 

until 75° the barge will flip over. However, at this point all the cargo on the barge will have fallen 

off. This graph was obtained by taking the righting arm value for the different angles of inclination 

for the fully loaded mass on the cross-curves. 

  

Figure 16: The righting arm against angle of 

inclination for a barge 
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4.3 Deployment strategy 
   To acquire the least change of stability we want the CoG to move as short distance as possible for 

each unloaded WEC, we also want the Metacentric Height to remain positive. In order to examine 

how the CoG moves when deploying the WECs, they were given a number to identify which of them 

are deployed at each step, and then a cross section of the xy-plane and zy-plane was drawn to 

illustrate the shift in CoG.  

   To make the unloading of WECs as stable as possible, the CoG should move as little as possible. 

One strategy is to measure the CoG before the WECs are loaded onto a vessel, and deploy the WECs 

in the order of furthest away first and the WEC closest last. This will ensure that the last movement 

is as small as possible. Another strategy is to remove the WECs in a symmetrical way, to maintain 

an even weight distribution. 

   Plots of the CoG position can be found in the Appendix B. In the plots, the CoGs movement will 

be represented with a number. This number corresponds to which WEC was removed. For example: 

a point with the number 1 means that this is the new location of CoG when WEC 1 was submerged. 

   Table 5 and Table 6 refers to trim, heel and WEC; this is the biggest change in trim and heel 

during the launching operation which happens before the largest movement of CoG. The largest 

movement happens when the WEC with the number noted in Table 5 and Table 6 is moved.  
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4.3.1 Deployment strategy for vessel 1 

   The WECs are loaded around the crane, as seen in 

Figure 17, in order to maintain even weight distribution. 

The CoG when all objects are removed is located between 

rows 6-7 and 4-5. Therefore there are a limited number of 

valid strategies for this vessel. They all make up to an 

axial symmetry meaning that it will not matter if you 

remove 2 or 3 first if you remove a WEC on the other side 

afterwards. 

Strategy 1: 1-2-3, 6-7, 4-5 

Strategy 2: 2-3-1, 6-7, 4-5 

   And depending on which one of them is the most 

effective, we get strategy 3 as: 1-2-3, 4-5, 6-7 or 2-3-1, 4-

5, 6-7 

   Another strategy could be to keep the weight distribution 

as even as possible. Then strategy 4 would be: 2-7, 6-3, 1, 

4-5. 

Table 2 contains the values for the largest and average 

movement of CoG, as well as which WEC that caused the 

largest movement and the vessels permanent trim and heel 

before this WEC was removed. The WEC that cause the 

largest movement of CoG should be the WEC that causes the 

vessel to trim and heel the most during deployment. Strategy 2 have larger average movement but 

the largest movement was less than strategy 1. It would be best to minimize the largest movement, 

since large movement of CoG makes the vessel tilt more and may be more uncomfortable for the 

crew. The magnitude of the permanent trim and heel is 0,004° larger in strategy 1 than 2. It is not 

much and probably neglectable, but strategy 3 will be based on strategy 2 because of these reasons. 

Strategy 3 is: 2-3-1, 4-5, 6-7. 

Table 5. Movement of CoG position for vessel 1 during deployment. WEC number is the WEC that cause 

the largest movement. 

Vessel 1 Largest  

Movement [m] 

Average 

Movement [m] 

WEC number  Trim [deg°] Heel [deg°] 

Strategy 1 0.9671 0.8052 3 0.212 0.714 

Strategy 2 0.9201 0.8145 5 0.093 0.735 

Strategy 3 0.9819 0.8182 5 0.093 0.735 

Strategy 4 1.016 0.8267 1 0,605 0 

 

 

  

Figure 17. Vessel 1 with corresponding 

WECs. 
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4.3.2 Deployment strategy for vessel 2 

   The WEC are considered to be loaded evenly as seen in 

Figure 17. There are other ways to load but this way gives a 

good approximation for the calculations. When the exact 

geometry of the crane is given a better pattern can be applied to 

make the vessel even more stable. Loading this way gives the 

vessel a slight trim, 1.45°, which means that you should always 

start with unloading WEC 7, 8 and 9 first to stop the boat from 

trimming even more. When unloading the WECs a minimum 

movement is desired; removing the WECs farthest away from 

the CoG in a symmetrical pattern would therefore be a good 

way to unload.  
  There are too many patterns to test all of them, so just four 

different deployment sequences were considered up to axial 

symmetry in longitudinal direction: 

Strategy 1 : 8-7-9, 5-4-6, 2-1-3 

Strategy 2 : 7-9-8, 4-6-5, 1-3-2 
Strategy 3: 8-7-9, 2-1-3, 5-4-6 
Strategy 4: 7-9-8, 4-3-6-1, 5-2 

 

 

 

 

 

 
Table 6. Movement of CoG position for vessel 1 during deployment. WEC number is the WEC that cause 

the largest movement. 

Vessel 2 Largest  

Movement [m] 

Average 

Movement [m] 

WEC number  Trim [deg°] Heel [deg°] 

Strategy 1 1.8886 1.2469 3 – 0.1 0.76 

Strategy 2 1.7460 1.2450 3 – 0.1 0.76 

Strategy 3 1.6073 1.1903 1 0.5 0.70 

Strategy 4 1.7460 1.2356 3 – 0.1 0.76 

  

Figure 18. Vessel 2 with 

corresponding WECs. The center 

of mass is pointed as a checkered 

haircross. 
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5 Discussion 

5.1 Static stability 

   The tests run on static stability showed that the vessels will be initially very stable and they will be 

able to take a very great load without running into a stability problem. The initial metacenter is very 

large for both vessel 1 and 2, which means that the vessels might start to rock vigorously back and 

forth causing sea sickness or even cause structural damage to the ship. A rolling period for an oil 

tanker or big cargo ship might be 6-8 seconds while a barge might have a slightly lower period. The 

rolling period on vessel 1 and 2 will most probably cause sea sickness if the crew stays on them for 

an extended period of time. [9] 

5.2 Deployment strategy conclusions 

5.2.1 Vessel 1 

   Deployment strategy 2 and 1 are both good choices. Strategy 1 has less average movement but 

higher peaks. 

5.2.2 Vessel 2 

   Strategy 1 and 2 both give a similar average movement but a larger movement as a top value, 

therefore it can be concluded that it is better to remove the side WECs first, for example 7-9-8 

instead of starting with 8 and then removing 7 and 9. Strategy 3 creates both less average movement 

as well as ‘largest movement’, it is also the most natural pattern to unload as the boat will first trim 

with the fore slightly over the aft, into almost equilibrium around Y-axis and then back into the 

unloaded position. Strategy 4 gives us a larger ‘largest movement’ and an average movement that’s 

greater than strategy 3. This concludes that strategy 3 is the most preferable when unloading the 

WECs. 
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5.3 Future work 

   Future work for the vessel would be to make a hydrodynamic analysis to identify how dynamic 

forces acting on the vessel would affect its seaworthiness. Additional work could be to simulate 

different wind speeds to determine how the vessels react to wind forces and in the end see if it could 

go out into open sea even in severe weather.  

   A hydrodynamical analysis will show how the vessel reacts to different sea states and real weather 

conditions. It will also present how the steering of the barges would be affected in high waves which 

as a result give us the weather conditions the barges can withstand. 

   The vessels geometry could also be changed into a more streamline barge to allow a higher speed 

and better wave handling, giving the barge some more uptime in severe and stormy weather. The 

size of the barge could also be researched to give it even more stable properties. 

   The geometry of the hull would need to be revised to meet all standards. This means that the 

bottom hull could be made thicker which would make the vessel more stable as the CoG would be 

lowered. Making the geometry of the hull less wallsided and more like a ship could increase the 

transverse stability and at the same time increase the rolling period of the barge. 

 The inside of the barges can be used more efficiently as well, as there is a large unused volume 

under the deck in the current state. The beams of the vessel would also be reexamined to meet 

today's standards. This should be made with the help of an experienced shipbuilder or company to 

ensure that the vessel is adequate and meets the standards for all international and open waters so 

that the barge can be used all over the world. The arms on vessel 1 could be widened so that it could 

carry WECs on them, which could make the vessel trim less and make the deployment more stable.  

   To counter the change in center of gravity due to unloading of the WECs, ballast tanks inside the 

barge could be added in the future. A grid of smaller ballast tanks could be placed inside the barge 

that could quickly be filled up and emptied after each unloaded WEC. The reason for a grid and not 

just two or four big ballast tanks is that a smaller filled tank will act as a solid when submerged 

while a bigger half filled tank will create additional forces when the vessel rocks back and forth. 

   To unload even faster a second crane could be mounted on the vessels. This would allow the vessel 

to unload two WECs simultaneously, which, if done properly, could give even more stability if the 

two crane operators keep the CoG of the vessels at an even spot. This would save a lot of time as you 

would only need half as many stops to unload.  

5.4 Additional comments 

   This project was the first big project for us and most of the time was spent on learning 

terminology, offshore mechanics and solving errors in Solidworks and Ansys. A new method for 

determining the statical stability was also developed but it proved insufficient in its current state. 

This method was using the metacenter as a point of rotation which should have given a more 

accurate point of rotation when inclining the vessel. Today this is usually done with an inclination 

test after the vessel have been built to ensure the stability. This would be necessary even if this new 

method would work but only to ensure that the simulations were correct. We believe that this could 

save a lot of time for shipbuilders in the future but the method needs to be refined. We have not 

found any program that does this already. 
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7 Appendix A 
 [1]. Formula for draft up to 3 m for vessel 1 and 2: 

     
     

       
 

    
      

where A is the area of bottom of hull, d is the draft and m is the mass of the whole vessel. 
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8 Appendix B 
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Vessel 1 strategy 1 
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Vessel 1 strategy 2 
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Vessel 1 strategy 3 
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Vessel 1 strategy 4 
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Vessel 2 strategy 1 
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Vessel 2 Strategy 2 
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Vessel 2 strategy 3 
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Vessel 2 Strategy 4 


