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Abstract 

The aim of this project is to produce the preliminary design of a 75 feet motor yacht, with an 

investigation into reducing the power requirements using hydrofoils. The vessel will be designed 

following the trends and requirements of the current similar size motor yacht market. Moreover, the 

use of a hydrofoil is investigated to analyse the possible engine power reductions in a vessel this size 

and type. Furthermore, in order to enhance the overall power reduction and efficiency of the vessel, 

the hull and systems will be designed to result in the most suitable combination for the operational 

profile of the vessel. The motorboat will have to be designed to meet the recreational craft directive 

standards, as it will be built for recreational purposes and intended to operate in coastal areas. 

In order to further investigate the use of a hydrofoil, towing tank test will take place to analyse the 

resistance data and the performance of the vessel when operating under foil-assisted conditions. For 

that, the required components will be built ensuring and accurate model is tested, so that reliable 

data can be obtained from the towing tank tests. Theoretical analysis will also be done to further 

investigate the hydrofoil system and define the possible effects induced by the system. 

The new design will therefore try to incorporate a new system not yet applied into this type of vessel, 

by providing a system that does not affect the operation profile and offers greater advantages than 

disadvantages.  
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1. INTRODUCTION 

Luxury motor yacht market is an industry in constant development, which in recent years has had a 

great growth as a factor of the increase interest towards marine tourism and water sports. At first 

sight, each motor yacht brand has its own distinctive features which characterizes the design style 

and philosophy of the brand. Latest improvements in production methods and materials are also 

improving the characteristics and performance of this motor yachts. However, even if there is an 

increasing interest on efficiency and low consumption, not many developments have been recently 

applied with the objective of reducing the power requirements. Therefore, the objective was to 

design a motor yacht that meets the demands of the current market, but also results in significative 

power savings. Therefore, foil-assisted 75 feet motor yacht was design, featuring all the standard 

capabilities offered by similar type of vessel, although it would be achieved with substantially lower 

power requirements.   

2. INITIAL DESIGN CONSIDERATIONS 

2.1. DESIGN BRIEF 

An initial design brief was developed considering the requirements of a prospective owner, as well 

as the current trends on the market. The yacht was considered to be built for recreational purposes 

and intended to operate in coastal areas, especially in the Mediterranean. The following parameters 

were established and used as starting point for the project. 

• Length overall 23.0 [metres] 

• Maximum beam overall 6.0 [metres] 

• Target speed 30.0 [knots] 

• Range 400 [nautical miles] 

• People onboard 12  

• Master cabins 1  

• Guest cabins 3  

• Construction Material Glass Reinforced Plastic (GRP) 

A big interest was expressed by the client into reducing the power requirements of a vessel this size, 

without compromising the operation profile or the standard characterising of a luxury motor yacht. 

The proposed alternative was to use a hydrofoil to lift the hull, reducing the wetted surface area at 

high speeds, and hence reducing the overall resistance.  

Based on existing motor vessels operating with a hydrofoil system, some alternatives were analysed 

and then declined, such as employing a hydrofoil assisted catamaran, considering the studies 

undertaken into developing the system and the successful examples currently in operation. However, 

a mono hull was required by the client, as the great majority of the luxury motor yacht market is 

composed by mono hulls. Furthermore, the hydrofoils had to be able to operate with no assistance 

of any kind of active ride system, so that the hydrofoil arrangement would be less complex, reducing 

the maintenance and production costs. 
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2.2. PARAMETRIC STUDY 

The parametric study consists on initially analysing existing vessels relevant to the design. A large 

number of vessels of this size and type are found on the market, however, employing a very large 

number of vessels in such study could lead to inaccurate results due to high number of “scatter” in 

the data. The vessels considered in the parametric study share a similar size, are built employing 

similar materials and techniques, and run at similar design speeds. However, because the data was 

mainly collected from manufacturer’s publications and other external sources, the collected 

information was not considered to be entirely accurate and was therefore employed with great care 

due its limitations.  

Overall, 16 luxury motor yacht models were analysed in the study, ranging from 20 to 24 metres in 

length overall and with top speeds between 29 and 35 knots. All the collected data was tabulated in 

a comparable form and compared using the following ratios: 

• Length Overall – Breadth Overall 

• Length Overall – Waterline Length 

• Breadth Overall – Draft 

• Slenderness Ratio 

• Average Barnaby “K” Ratio 

• Power – Weight 

The correlation between the data showed particularly low R2 values for the Beam Overall – Draft 

ratio, as well as for the Length Overall – Breadth Overall ratio. Since for a given breadth, the draft 

can substantially vary; depending on the opted propulsion system mainly, the correlation between 

ratios was low resulting on a low R2 value of 0.02. The breadth of the vessel compared to the overall 

length can also vary depending on the manufacturer’s preference, which resulted on a low R2 value 

of 0.30. The remaining ratios showed particularly high correlation, with the R2 ranging from 0.5 to 

0.8, which were employed to establish the vessel specifications, resulting in ratio values close to the 

trend lines. Further details are shown in Appendix 1.1 – 1.2. 

The determination of the likely displacement of the vessel was one the key aspects of the study. The 

data regarding the displacement of the boats analysed represented the dry weight, which is 

estimated to be the minimum weight of the vessel with the machinery and tanks fitted, no fuel or 

water onboard, as well as no equipment, provisions or personnel. For this condition, the trend line 

value showed a displacement of 53 tonnes. However, the dry weight condition is not adequate for 

the study, as it does not represent an operational condition. In order to stablish the fully loaded 

displacement of the vessel, the crew weight and the weight of loaded tanks were considered. For 

this task, the ISO 12217-1 was used to estimate an individual crew weight of 95kg (personal effects 

considered), resulting with an increase of 1.14 tonnes when considering the maximum number of 

crew onboard. Also, the parametric study data was employed to establish the tank capacities and 

weights. All in all, 7 tonnes were added to the dry weight, resulting on a fully loaded weight of 60 

tonnes. 

The freeboard is another important characteristic of any type of vessel. Generally, powerboats tend 

to lead towards high freeboards, mainly because of the following reasons: 

• Allows for greater interior volumes. 

• Increases the stability characteristics of the vessel. 

• Performs better in rough weather conditions. 
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Therefore, the freeboard was also analysed in the parametric study. As the freeboard values were 

not specified by the manufacturer, measurements were taken from the 2D drawings available. The 

maximum freeboard was stablished to be 2.5 metres based on the results from the study.  

2.3. REGULATORY FRAMEWORK 

All small craft between 2.5 and 24 metres intended for sport and leisure use may only be placed on 

the market and put into service within the European Union (EU) and the European Economic Area 

(EEA), if the requirements established by the Recreational Craft Directive (RCD) are fully satisfied. 

Boats covered by the Directive are required to comply with specific ISO standards, although 

equivalent standards may be applied (Abya.co.uk, 2019).  

The main critical aspects concerning the structure, stability, buoyancy and flotation requirements, 

are covered by the following standards: 

• MCA-MGN280, 11.4 Motor Vessels Complying with Section 11.1.1.3 

• ISO 12215, Small craft- Hull construction and Scantlings 

3. INITIAL WEIGHT STUDY 

In order to establish some of the essential 

parameters concerning the vessel’s 

hydrostatics, stability and power 

requirements, an initial weight estimation was 

performed. Because of the early stage of the 

design process, Grubisic’s (ref.2) small craft 

weight prediction method was employed to 

estimate the weights of the different group 

components of the vessel. The method 

comparers the vessel’s parameters and service 

type against a database of 34 relevant vessel, 

for which the detailed weight breakdown is known. 

As a result, an initial weight breakdown was 

stablished (see Figure 1).  

Considering that not all the weight groups are evenly distributed along the vessel, the different 

weight groups were distributed along the compartments where do apply, obtaining a weight per 

compartment. It was then assumed that the total weight of each group was applied at the centre of 

each of the compartments, at a vertical and longitudinal distance from the transom. Therefore, the 

weights and centres were summed obtaining a vertical centre of gravity (VCG) of 0.9 metres above 

the waterline and a longitudinal centre of gravity (LCG) of 62% (of LWL) from the forward 

perpendicular. Further data can be seen in Appendix 2.0. 
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Figure 1: Initial weight breakdown by groups. 
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4. HULL DESIGN 

4.1. HULL FORM 

The most appropriate hull form considering that the vessel needed to reach high speeds was a 

planning hull form, designed to provide enough dynamic lift to reduce the wetted surface area at 

planing speeds. “While the hull form is fundamental in the overall performance of any craft, the 

performance of planning hulls is truly a magnification of every characteristic represented in the hull 

lines” (ref). Furthermore, each component and feature of the hull was not only designed for its major 

function, but also to contribute to the overall performance. In conjunction with performance, 

comfort was also considered to be one of the main aspects on the design.  

4.1.1. BOW FLARE 

Deck wetness is recognised to be one of the main factors which determine the seakindliness of a 

vessel. During heavy weather conditions a frequent shipping of water over the deck can lead to 

critical damage to the vessel and will make the deck untenable and dangerous for the crew, although 

these aspects are more unlikely on moderate conditions. Nevertheless, the comfort of the crew was 

a critical aspect considered, therefore, in order to prevent water from rising up the topsides and 

reaching the weather deck, the bow topsides were given some negative degree of curvature to create 

some flare, as shown in Figure 2. The flare starts at the stem and fairs into the hull topsides at station 

4. The effect of the flare was analysed based on experimental towing tank data published by (DR. A 

RJM LLOYD, 1984) stablishing a maximum bow flare of 18 degrees at station 2.  

4.1.2. DOUBLE CHINE 

The hull form was fitted with a double chine design, offering a finer water entry and a more 

seaworthy shape in the forward slamming sections. Also, double chines provide a very efficient spray 

rails, keeping the deck dry and damping the motions in heavy seas. Furthermore, great dynamic 

stability is achieved with a flat chine in the aft and during following sea conditions. Moreover, due 

to the immersion of the lower chine, the hull bottom deadrise angle can designed to provide low 

angles in the aft end for lower power requirements; as shown in 4.1.3, but also provides a much 

greater deadrise angle in the forward region, reducing the bottom panel pressure due to slamming 

loads. 

  

Figure 2: Hull transverse curvature plot. 
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4.1.3. DEADRISE ANGLE 

Considering that performance is strongly related with the generation of dynamic lift, the lift 

generation characteristics of the hull form were strongly studied to ensure a correct and efficient 

operation of the vessel. As the lift is created due to the reaction between the immersed surfaces 

moving against the water, the main three elements to generate lift are the speed, the trim angle 

and the surface characteristics in interaction with the water. As the maximum speed of the boat was 

previously established on the design brief (section 2.1), and the running trim angle is a factor of the 

hull form, the remaining variable affecting the lift produced by hull is the shape of the immersed 

surfaces, which is mainly driven by the deadrise angle.  

Ideally, a flat surface would be the most suitable hull form as it provides the greatest lift for a rather 

small friction drag. However, a flat surface offers poor directional stability and high slamming loads 

in a seaway, due to impact on the waves. Employing Savitsky´s theory of planning, the total drag of 

an initial planning surface was analysed at a range of deadrise angles, as shown in Figure 3. The 

results showed that at low deadrise angles between 1 to 10 degrees, the increase in drag as a factor 

of the increment of the deadrise angle was very low, increasing the drag results at an average of 2% 

per degree. At angles of 11 to 19 degrees the increase in drag was higher, with an average increase 

of 32% per degree. For angles greater than 20 degrees the increase was substantially great, with an 

increase of drag at an average of 72% per degree. Further data can be found in Appendix 3.1.  

Therefore, it was decided that a deadrise angle within the range between 11 and 19 degrees would 

provide good directional stability and low slamming loads, maintaining good resistance values. 
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4.1.4. LENGTH PARAMETERS 

Initial resistance calculations were carried out to establish the most efficient waterline length and 

overall breadth for the vessel, considering the requirements specified in design brief (Section 2.1) 

and the parameters specified in the parametric study (Section 2.2); such as the LWL/BWL ratio. The 

calculations were completed using the Wolfson Power Prediction software, employing Savitsky´s 

planning series. The analysis did not consider any resistance reductions provided by the hydrofoil, as 

the objective was to establish the waterline length based on the smallest resistance value. 

The analysis was performed for a range of LOA/LWL ratios between 1.19 and 1.34, for which the 

resistance values were calculated. The lowest resistance value was found at a LOA/LWL ratio of 1.25 

(see Figure 4), which represented the most efficient waterline length considering the previously 

specified parameters.  

 

4.1.5. BOTTOM CURVATURE 

In order to reduce the slamming loads affecting the forward bottom panels, the bottom panels were 

designed with some positive curvature in the slamming region, comprised between the forward 

perpendicular and the station 6. The curvature was initially analysed employing the curvature 

correction factor (kC) from the ISO 12215-5. For a minimal increase in wetted surface area, a 

curvature of 15 millimetres was applied, achieving a curvature correction factor of 0.945 slamming 

region. Due to the curvature, the stress applied to the panels was reduced by a 5.5% according to 

the results obtained from the Hullscant software. Moreover, as no curvature is required in the aft 

region, the bottom panels fair in to the hull bottom at station 6 (located outside the slamming region) 

reducing the curvature until a flat bottom panel is achieved. Further structural evaluation was 

completed later in the design, covered in Section 10.4.  

67.80

68.00

68.20

68.40

68.60

68.80

69.00

1.18 1.20 1.22 1.24 1.26 1.28 1.30 1.32 1.34 1.36

T
o
ta

l 
R
e
si

st
a
n
c
e
 [

k
N

]

LOA/LWL ratio 

Figure 4: Waterline length analysis. 
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4.2. FINAL PARAMETERS 

The following parameters where established based on the parametric study and the hull form analysis 

previously introduced. The deadrise angle along the vessel was established to be hydrodynamically 

efficient at high speeds, but also to avoid excessive stress loads due to slamming loads. Furthermore, 

as the hull was lifted by the hydrofoil, the directional stability of the vessel would reduce as the hull 

immersion is substantially reduced. Therefore, the deadrise angle was established to be represented 

in the higher values of the target deadrise angles shown in Section 4.1.3. The resulting deadrise 

angles were 33.7 degrees at amidships and 13.5 degrees at the transom. The waterline length was 

stablished to achieve the most efficient LOA-LWL ratio. For that, the result from the length 

parameter analysis were employed, where a ratio of 1.25 was recommended to achieve the most 

efficient results, as shown in Section 4.1.4. The resulting length in the waterline was hence 13.3 

metres. In order to achieve a level trim angle of the vessel when loaded, the distance between the 

longitudinal centre of buoyancy and the longitudinal centre of gravity had to be minimal. Therefore, 

the initial position of the LCG established on the initial weight estimate (see Section 3) was employed 

to establish an LCB of 61% from the forward perpendicular.  

Item Symbol Value 

Length Overall LOA 22.84 m 

Waterline Length LWL 18.33 m 

Beam Overall BOA 5.97 m 

Waterline Beam BWL 5.42 m 

Canoe Body Draft TC 1.18 m 

Average Deadrise Angle - 33.7º  

Displacement * Δ 60.00 t 

Wetted Surface Area WSA 96.26 m2 

Prismatic Coefficient CP 0.73  

Block Coefficient CB 0.50  

Midships Coefficient CM 0.71  

Longitudinal Centre of Buoyancy ** LCB 61.0 % 

Longitudinal Centre of Flotation ** LCF 57.5 % 

Notes: 
*  Sea water density 1.025 tonnes/m3. 
** Measured from FP on Datum Waterline. 

Table 4.2-1: Final boat parameters 

. 
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5. INITIAL STABILITY ANALYSIS 

Due to the size and the intended use of the vessel, the stability characteristic of the vessel must 

comply with the requirements established by the specific ISO standard, for the vessel to be placed 

on the market and into service within the European Union (EU). Moreover, the stability requirements 

must also fit with intended operational profile of the vessel. 

As the weight estimate was not completed at this point of the design, the data from the initial weight 

study was employed. The stability of the design was analysed employing the MaxSurf Stability 

program, which required the 3D model of the vessel to complete the stability analysis. In order to 

more accurately analyse the initial stability, the tank weights were subtracted from the weight study 

data, so that the tank characteristics could be analysed within the program, hence analysing free 

surface effects on the tanks. Furthermore, the initial tank positions were established to fit with an 

initial general arrangement of the vessel; based on research on similar vessels, employed to provide 

a rough estimation of the locations of the tanks to achieve a level trim. 

The data resulting from the stability analysis was compared against the required stability standard, 

ISO 12217-1 for non-sailing boats of hull greater or equal to 6 metres, and smaller or equal to 24 

metres. The results showed to be compliant with the criteria provided by the standard for the intact 

condition, as shown in Appendix 4.0. However, further analysis was required to ensure the full 

compliance with the rules. 

6. GENERAL ARRANGEMENT 

Following the interior layout produced based on research on similar vessel, the actual general 

arrangement for the design was completed. Provided that the vessel was designed to have three 

decks; the lower deck, the main deck and the flybridge, three layouts were designed. It was of great 

importance to ensure the three deck layouts would work accordingly with each other. 

6.1. MAIN DECK 

The main deck, as can be shown in Drawing 3, houses the saloon, the dining area, the galley, a day 

head and the interior helm position. The saloon is a large space, intended for a large group of people; 

twelve people as that is the maximum crew allowed onboard by the rules. Forward of the saloon, 

and separated by a small step, the next area is found which houses the dining area, the galley and 

the day head. The dining area space was designed to fit the largest number of members, without 

blocking the space to reach the interior helm position. Also, the dining area is offset to the port side, 

so that in case of an emergency the exit from the lower accommodation or from the helm position 

follows a straight line into the outside, with clear visibility of the exit.  

A not very common feature on this size vessels is to have day head in the main deck, as this vessel 

does. This head could be used by the crew in the main deck without requiring them to go down to 

the interior accommodation. Also, as the interior accommodation can only fit a maximum number of 

8 people onboard, the resulting four crew members could not be formally assigned to any 

accommodation cabins, and hence to any of the heads. Therefore, the idea behind the day head is 

to provide a head for the crew members with no accommodation assigned, so that the crew member 

with accommodation assigned are not disturbed. The galley was sized following the data used for the 

initial general arrangement. The initial research showed that different galley sizes and arrangements 

were employed on this type of vessel. However, the current designs showed to opt for large galley 

size, with no trend on the arrangement. Therefore, a larger type of galley was designed, allowing 

more people make use of it at the same time. However, having a large galley space can also suppose 
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a great issue if the distance with no support for the crew to hold is too big, risking the safeness of 

the crew in rough weather. In order to prevent from this kind of risk, the space between the kitchen 

appliances was established to just fit to persons longitudinally. The interior helm position is forward 

of the galley, although one step higher. The steering position is located to the starboard side, which 

provides enough room to fit two large helm seats. In the port side, a small lounge area is found, 

designed to accommodate up to six people. Also in this area the staircase connecting the main deck 

with the lower deck accommodation is found, located aft of the lounge area to the portside. 

Located in the exterior, a second lounge area is found next to the interior entrance. The swimming 

platform in the aft end was designed to be large enough to be comfortable for the crew, but also to 

fit a small tender if required. A sunbathing area can be found in the forward end as well. 

6.2. LOWER DECK 

The lower deck houses the accommodation cabins, the engine room and the crew cabins. However, 

not all the spaced are accessed from the same point, as the crew cabin and the engine room area 

accessed from the swimming platform through a watertight door, and the accommodation cabins 

accessed from the staircase located in the main deck. 

The crew cabin located in the aft compartment was deigned to comfortably accommodate two crew 

members. The standard feature for this size of vessel, is to accommodate two or three crew members. 

Therefore, the layout of the crew cabin was design so that a third crew member could be 

accommodated by fitting a bank bed over the forward crew bed. Very uncommonly four crew 

members would be required for a vessel this size, however, a fourth crew member could not be 

accommodated as the headroom to fit a second bank bed over the aft crew bed is not enough. As a 

requirement for all the cabins, the crew cabin is also fitted with individual wardrobes to store clothes.  

The master cabin is located forward of the engine room. The cabin features a double bed, a walk-in 

wardrobe to store clothes, a desk, a small seating area and large en-suite with separate shower. 

Because the master cabin is located at amidships, it benefits from the maximum breadth of the hull. 

Also, as the cabin spans all the width of the hull the master cabin is the largest cabin of vessel. 

Because the cabin is located just under the main deck, the headroom cannot be supplied as per other 

cabins by a raised coach roof. Although, a 2.1 metre headroom is maintained throughout the 

accommodation. The master cabin also features a large porthole window to provide natural light to 

the living space. 

As can be seen on the General Arrangement drawing, the port and starboard cabins are not exactly 

symmetrical, as the starboard spans wider than the port cabin. Although, both cabins span from an 

equal offset distance off the centreline, the starboard cabin is located further aft, hence a greater 

hull breadth can be achieved. As a result, the starboard cabin fits a double size bed, while the port 

cabin fits two smaller single size beds. Although, the wardrobes storage and the en-suite and separate 

shower spaces are equal for both cabins.  

The forward guest cabin, often called by some manufactures as the VIP guest cabin, has the largest 

size compared to the other guest cabins. This cabin features a double size bed, larger wardrobe 

storage and a larger en-suite and separate shower compared to the other guest cabins. Because the 

room is raised due to the narrow hull shape if the forward region, the headroom is supplied by a 

raised coach roof that extents forward of the superstructure. 
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6.3. FLYBRIDGE 

The flybridge is accessed from the staircase located to starboard, next to main deck entrance. Not 

many details have been specified for the flybridge as the actual particulars were left to be further 

specified by the client later in the design process. However, standard features such as a large lounge 

area, an outdoor BBQ and sink, a sunbathing area and a secondary helm position were fitted into the 

design. In the after part of the flybridge an area was left over empty, which use shall be specified 

later in the design. However, as can be seen in the Drawing Render a sunbathing area was proposed. 

7. INITIAL POWERING 

Initial power calculations were completed to establish the required power requirements for the 

vessel at the non-foil-assisted condition. Initially, the power requirements did not consider any 

effects of the foils in the power calculation, as no data of similar foil-assisted existing vessels was 

available, and hence no power reduction could be estimated prior to completing the foil investigation 

(Section 8). Moreover, as the method employed to initially estimate the power requirements was 

based on existing vessels from the parametric study, and no systematic series for planing crafts 

consider any foil effects, the result could not be applied for the foil-assisted vessel. However, the 

initial power calculation provided a good initial power estimate to stablish the foil sizes and the 

overall requirements. 

Based on the data collected in the parametric study (Section 2.2) the Barnaby ‘k’ factor was 

employed to establish the initial power requirements, based on similar existing vessels. The ‘k’ factor 

indicated the power required to achieve the target speed. The Barnaby ‘k’ factor is calculated as 

shown in Equation 1. 

𝐵𝑎𝑟𝑛𝑎𝑏𝑦 ′𝑘′𝑓𝑎𝑐𝑡𝑜𝑟 = 𝑠𝑝𝑒𝑒𝑑 [𝑘𝑛𝑜𝑡𝑠] × √
𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 [𝑡𝑜𝑛𝑛𝑒𝑠]

𝑃𝑜𝑤𝑒𝑟 [𝑏ℎ𝑝]
 Equation 1 

The average ‘k’ factor for the data analysed in the parametric study resulted in a value of 4.02. 

Therefore, given that the fully loaded displacement was 60 tonnes and the target speed 30 knots, 

3341 bhp were required according to the study. However, typical values for this type of vessel are 

normally at found at values around 4.2 for Froude numbers of operation around 0.9 to 1.2. The 

resulting initial power estimation achieved employing the Barnaby ‘k’ factor was considered to be 

greater than the expected power requirement. 

Consequently, further power calculations were completed using the Wolfson power prediction 

program. The resistance data was based on Savitsky´s systematic series for planning crafts, due to 

the high Froude number of operation. The analysis resulted in an effective power requirement of 

1378 bhp for the bare hull, with no additional drag components considered. As the overall propulsive 

efficiency was yet to be analysed, a 55% was initially assumed for the initial power calculation. 

Moreover, as no appendage drag or air drag could be considered for the calculations, a 15% drag 

increase was assumed to estimate the overall resistance value. All in all, 2455 bhp were established 

by the analysis. Further data can be seen in Appendix 5.0.  
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8. FOIL INVESTIGATION 

8.1. INTRODUCTION 

The use of hydrofoils is not a new concept that has been recently applied to the marine industry, at 

the present time there are several hydrofoil crafts and foil-assisted crafts in operation through the 

world. Furthermore, the idea of supporting boats with underwater wings dates well back into the 

nineteenth century. The usage of hydrofoils in large power vessels started in the early forties during 

the World War II for military purposes (ref). It was then during the 1960s and 70s when hydrofoils 

had their peak popularity, afterwards declining their usage for commercial, military and leisure use, 

due to the complexity of the systems and the maintained requirements. However, in the recent years 

there is an increase in popularity and usage of hydrofoils. The hydrofoils are employed to reduce the 

running resistance of the vessel by lifting the hull (or hulls) to substantially reduce the submerged 

surface areas. This effect is employed with different aims in the industry, as it is used to maximise 

the speed on sailing yachts, and also to reduce the engine requirements for a target speed in power 

vessels.  

8.2. INITIAL RESEARCH 

An initial research was done in order to identify and analyse the different 

hydrofoil types currently in operation. Also, only passive hydrofoil 

arrangements were considered as required by the design brief (Section 2.1), 

thus no vessels with an independent ride control system were analysed. The 

analysis was performed identifying the advantages and disadvantages of each 

hydrofoil type, so that the most suitable hydrofoil system was employed for 

this vessel. The research showed that the two hydrofoil types mainly employed 

on motor vessels at the time of this document. The two main types were 

surface-piercing hydrofoil vessel and fully submerged hydrofoil vessels (see 

Figure 5). Although, different hydrofoil arrangements were also identified 

depending on the propulsion system employed, as well as the specific 

displacement and draft limitation for the vessel. Also, the examples found 

during the research were mainly commercial passenger vessels. Surface 

piercing hydrofoil vessels employ a V-shaped hydrofoil which rise above the 

water when foilborne. In the other hand, fully submerges hydrofoil vessel 

employ T-shape foils that are kept constantly immersed in the water.  

The research showed that initially no hydrofoil type could be established, 

because its type showed advantages and disadvantages for each operation. 

Therefore, Table 8.2-1 was developed summarizing the advantages and 

disadvantages obtained from the research. 

 

  

Figure 5: Hydrofoil 
vessel types. 
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TYPE 
ADVANTAGES / 

DISADVANTAGES 
TECHNICAL DESCRIPTION 

Surface-Piercing 
Hydrofoil 

Advantages 

• Very stable configuration, as the lift vector is generally 
inclined towards the centre of gravity. 
 

• The hydrofoil ensures no dramatic loss of lift due to the 
ventilation onset (ref). 

 

• Simplest in design as it can self-stabilize in roll and height 
above water. 

Disadvantages 
• As a portion of the foils are always in contact with the 

water surface, the effect of waves results in a rough ride 
during rough water conditions. 

Submerged 
Hydrofoil 

Advantages 

• Greatest lift for a given speed due to its larger wetted 
area and more vertical orientation of the lift vector. 
 

• As no contact between the water surface and the foil is 
experienced, a smoother ride can be attained in rough 
water conditions. 

Disadvantages 
• Generally, when the hull raises out of the water the foil is 

not passively stable, requiring an active control system to 
achieve a stable ride. 

Table 8.2-1: Comparison of the main two hydrofoil types. 

A surface-piercing hydrofoil provides the greatest stability characteristics, which due to the pleasure 

operation profile this vessel was designed to meet, this type would provide the most advantageous 

stability characteristics. However, since the hydrofoils are fitted at an angle, the vertical lift vector 

is reduced, making the lift to drag relation of this type more disadvantageous than a submerged 

hydrofoil. However, the main disadvantage is the operation type a surface-piercing hydrofoil is based 

on, as the hull must be lifted out of the water for the surface-piercing hydrofoil to properly operate. 

Therefore, this type of hydrofoil would not fit with the proposed task of delivering a foil-assisted 

vessel. Consequently, a fully submerged hydrofoil was opted for the design so that both the foil and 

part of the hull stay constantly immersed, only lifting the hull enough to substantially reduce the 

wetted surface area and hence the overall resistance.  

8.3. INITIAL CONSIDERATIONS 

The initial considerations and analysis were undertaken for the fully loaded condition, operating at 

the target speed scenario. Although displacement variations are assumed to take place; as the boat 

is unloaded, the vessel and the hydrofoil components were designed to be most efficient at the 

heaviest loadcase; the fully loaded condition. Moreover, further analysis was undertaken to ensure 

the correct operational capabilities in the mid-voyage and arrival conditions. 
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8.3.1. TARGET DISPLACEMENT REDUCTION 

The aim with a foil-assisted system is to maintain the standard propeller and shaft arrangement, as 

a portion of the hull always stays immersed on the water. However, the constantly immersed hull 

portion must provide enough clearance between the water surface and the propeller, in order to 

avoid any cavitation or ventilation issues affecting the propellers.  

When the hull is lifted the wetted surface area (WSA) is reduced, as the hull immersion is reduced. 

This parameter is vital for the investigation, as the total resistance is directly dependant on the 

wetted surface area, as show in Equation 2 . 

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 0.5 × 𝐹𝑙𝑢𝑖𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑊𝑆𝐴 × 𝑆𝑝𝑒𝑒𝑑2 × 𝐶𝑜𝑒𝑓𝑓. Equation 2 

Therefore, the relation between the amount of hull lifted and the wetted surface area reduced must 

be analysed. For this vessel, the results (see Figure 6) show that the greater the displacement 

reduction, the greater resistance reduction to be achieved. Although, at low displacement reductions 

the wetted surface area is not substantially reduced to possibly result in great resistance reductions. 

Prior to any towing tank testing, no final displacement reduction can be stablished. Although, an 

initial calculation can be employed to estimate the displacement reduction required for a given 

resistance reduction. As described by Equation 3, the wetted surface area reduction is directly 

proportional to the resistance reduction. However, this method assumes the total drag coefficient 

stays constant, which might not be the real case. Also, no additional drag components are assumed. 

𝑊𝑆𝐴𝑅𝐸𝐷𝑈𝐶𝑇𝐼𝑂𝑁[%] =  

𝑅𝑇𝑂𝑇𝐴𝐿 × 𝑅𝑅𝐸𝐷𝑈𝐶𝑇𝐼𝑂𝑁 [%]
0.5 × 𝜌 × 𝑉2 × 𝐶𝑇𝑂𝑇𝐴𝐿

⁄

𝑅𝑇𝑂𝑇𝐴𝐿
0.5 × 𝜌 × 𝑉2 × 𝐶𝑇𝑂𝑇𝐴𝐿

⁄
=  𝑅𝑅𝐸𝐷𝑈𝐶𝑇𝐼𝑂𝑁 [%] Equation 3 

 

  

Figure 6: WSA reduction in relation to the displacement reduction. 
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Following the propeller design recommendations by D.Gerr (ref), the following considerations were 

made: 

• Clearance between the hull bottom and the propeller tip to be a 20% of the propeller 

diameter. 

• Clearance between the water surface and the propeller tip to be at least 0.3 metres. 

• Propeller diameter calculation for planing hulls to be initially estimated with Equation 4. 

𝑃𝑟𝑜𝑝. 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 [𝑐𝑚] =  √
1384.2 × 𝐸𝑛𝑔𝑖𝑛𝑒 𝑃𝑜𝑤𝑒𝑟 [𝑘𝑊]

𝐷𝑖𝑠𝑘 𝐴𝑟𝑒𝑎 𝑅𝑎𝑡𝑖𝑜 [%] × 𝑆𝑝𝑒𝑒𝑑1.5[𝑘𝑛𝑜𝑡𝑠] 
 Equation 4 

In order to ensure enough clearance was maintained between the water surface and the propellers, 

the effects of the propeller immersion in the propeller efficiency were initially analysed employing 

the Wolfson Unit Propeller Design software. For that, the flotation line of the 3D hull model was 

lowered simulating a series of displacement reductions, recording the hull immersion values in the 

aft end. The analysis resulted with a range of hull immersion values for a range of displacement 

reduction values. However, the analysis performed assuming a zero-degree trim angle did not 

represent the real case operation of the vessel, as the critical immersion takes place when the boat 

is operating. Therefore, the running trim of the vessel at the target speed of 30 knots was calculated 

employing Savitsky´s theory of planning (ref). Consequently, for a running trim of 1.8 degrees the 

immersion data was plotted for the range of displacements. However, the results did not represent 

the actual immersion value as the running heave due to the dynamic lift was not considered. Although, 

the analysis provided a sensible approximation. 

The efficiency of the propellers was minimally influenced by the change immersion.  Although, no 

cavitation or ventilation effects were considered. Based on the immersion and efficiency results, an 

initial target resistance reduction of 30% was set for the vessel operating in fully loaded condition, 

showing 0.95 metres of propeller immersion and 65% initial efficiency at the fully loaded condition 

and 0.61 metres and 62% initial efficiency at the arrival condition. Because of the lack of previous 

experimental data on this type of system on motor yachts, the resistance reduction was established 

as a compromise between a sensible target reduction attractive for further investigation, and also a 

reduction value sensible to keep safety margin for the unknown of variables of the current stage. 

The resulting wetted surface area reduction was established with Equation 3 at 30%. However, the 

method did not initially consider any drag created by any of the appendages, hence a greater 

reduction was required to achieve the targeted resistance value. Consequently, a 3% increase in the 

wetted surface area was assumed to take into account all the appendage drag. Based on the wetted 

surface are and displacement relation shown in Figure 6, a displacement reduction of 67% was 

necessary to achieve the target resistance reduction.  
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8.3.2. INITIAL CAVITATION STUDY 

The cavitation of a fluid is a phenomenon that occurs when a liquid flow changes from a liquid to a 

vapour phase at an almost constant temperature. If a large part of the suction side of the foil is 

cavitating, the lift generated by the foil is massively reduced relative to a noncavitating foil at the 

same speed. Usually, cavitation causes change of fluid dynamical characteristics, which can lead to 

undesirable effects such as unstable loads, resulting in substantial efficiency reductions (ref ). Also, 

due to the violent behaviour of the cavitation the hydrofoil could suffer from erosion and vibrations, 

affecting the structural strength of the component. In addition, because of cavitational effects 

ventilation may occur.  

The following analysis was done to keep the maximum velocity that occurs on the hydrofoil below 

the limit at which cavitation can occur, or at least to stay below the level at which cavitation has a 

significant effect.  Therefore, the first consideration was setting the operational speed below the 

critical cavitation speed. For a fluid in a free stream flow, it can be assumed that cavitation occurs 

when the pressure drops below the vapor pressure. Although this assumption is valid for the analysis, 

results might deviate when the flow is analysed closer to the surface, as surface tension brings a 

delay in the inception of cavitation (ref.A). The basic cavitation parameter for generalized analysis 

is considered as the ratio between the static to dynamic pressure of the flow, defined by the following 

equation: 

𝜎0 =  
𝑠𝑡𝑎𝑡𝑖𝑐 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 − 𝑣𝑎𝑝𝑜𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒

1
2

× 𝑓𝑙𝑢𝑖𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑓𝑙𝑢𝑖𝑑 𝑠𝑝𝑒𝑒𝑑
=  

𝑝0 − 𝑝𝑣

1
2

𝜌𝑉2
 Equation 5 

As shown in Figure 7, the target speed is found to be above the critical cavitation number; considered 

as 1.0 [ref], hence the formation of cavitation bubbles could be experiences at the target speed, 

subsequently resulting in cavitation. However, the magnitude of the cavitation is unknown at this 

stage, which was further analysed for the established foil section in Section 8.5.1. 
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8.4. TOWING TANK TEST 

The aim of towing tank testing the model was to determine the resistance reduction effects of the 

hydrofoil and establish the most efficient foil configuration for the vessel. The towing testing 

consisted on first testing the bare hull model with no foils to establish the initial resistance values 

and test the foil-assisted model next. Several foil configurations were tested to establish the most 

efficient foil configuration.  Overall, 106 runs where completed to fully complete the initial testing 

results required for the investigation. The tests were carried out at the Solent University facilities in 

a 60m x 3.7m x 18.8m deep towing tank.    

8.4.1. HULL MODEL 

In order to reduce the time required to produce the several parts that form the towing tank model, 

several existing towing tank models were analysed to establish the model that shared the greatest 

design characteristics with the actual vessel. Initially analysing the existing models by hull type, 

three planing hull form models were considered for further analysis. The first aspect analysed was 

the relation between the overall length and the overall beam, defined by the LOA-BOA ratio. The 

second aspect analysed was the deadrise angle of the model. For that, several measurements were 

taken from each model to establish the deadrise angle along the length of the model. All the 

collected data was compared against the actual design data, which resulted with model A sharing 

the greatest similarity with the actual design, as shown in Table 8.4.1-1.  

 

 

 

 

 

 
 

 

 

Although the model was appropriate for the tests based on the dimensions initially established, no 

accurate model data was known. Therefore, in order to accurately analyse the test results the model 

dimensions were accurately measured prior to any testing. The process required the iteration of 

measuring, scaling the numbers and then placing the model in the water several times, until the 

potential measuring error was reduced. The LCB of the model was estimated to be 5% (of LWL) forward 

of the LCF, assuming the LCF was located at the heel fitting position of the model. Overall, the 

following dimensions were established. 
 

• Waterline length 0.94 [metres] 

• Waterline breadth 0.27 [metres] 

• Overall Scale 1:20  

• Wetted surface area 0.253 [meters2] 

• LCB (from AP) 60.0 [%] 

• LCF (from AP) 65.0 [%] 

 

 

  

ITEM MODEL A MODEL B MODEL C ACTUAL 

LOA-BOA Ratio 3.44 3.08 4.21 3.55 

Average Deadrise 16.7° 11.5° 11.6° 17.5° 

Overall Similarity % 96.9% 86.7% 81.4% - 

Table 8.4.1-1: Model selection summary. 
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8.4.2. FOIL MODEL 

The foil section employed for the foil-assisted model test was a NACA 63-012 symmetrical section. 

Although a symmetrical foil would not provide the most efficient results for a fully submerged foil, 

due to the low Reynold’s numbers at which the foil model would operate, no unfavourable effects 

on the result were assumed to be experienced by employing a symmetric foil section. However, a 

symmetrical foil section reduced the complexity of building an accurate and smooth finish foil model. 

Moreover, FDM (fused deposition modelling) 3D printing was used to build the foil plug which then 

was reinforced with carbon fibre. 

As the displacement reduction established in Section 8.3.1 was 67% and the fully loaded model weight 

7.8 kg (see Section 8.4.3), the required lift force generated by the foil was 5.23 kg. Based on the 

initial resistance calculations, the trim angle of the vessel at the target displacement was estimated 

to be 1.5 degrees at 30 knots of boat speed, based on Savitsky´s planning systematic series. Moreover, 

the trim angle was assumed to be the angle attack of the foil, for an initial foil angle of attack of 

zero degrees. In addition, to test the model at the same Froude number as the full-size vessel, the 

model was required to be tested at a maximum speed of 3.47 m/s. Therefore, the required foil area 

was calculated as follows: 

𝐴𝐹𝑂𝐼𝐿 =  
5.23 × 𝑔

0.5 ×  𝜌𝐹𝑊 ×  𝑉𝑀𝑂𝐷𝐸𝐿
2 × 𝐶𝐿 × 𝛼

 Equation 6 

∴  𝐴𝐹𝑂𝐼𝐿 =
5.23 × 9.81

0.5 × 1000 × 3.47 × 0.1 × 1.5
= 0.567 𝑚2  

Although a great span would result in a greater aspect ratio, and hence a more efficient lift to drag 

ratio, the span of the model was required to be roughly the maximum width of the model as that 

would be the case for the full-size vessel. Therefore, following the requirements for a fully 

submerged foil operating at high speeds an aspect ratio of 4 was established (ref). The resulting span 

was stablished as follows: 

𝑆𝑝𝑎𝑛 =  √
𝐴𝑟𝑒𝑎

𝐴𝑠𝑝𝑒𝑐𝑡 𝑅𝑎𝑡𝑖𝑜
 Equation 7 

∴  𝑆𝑝𝑎𝑛 =  √
0.567

4
= 0.37 𝑚  

Initially, the foil depth was specified to be immersed at a depth where no surface effects would 

affect the lift generation of the foil. However, the resulting immersion depth would be too large (see 

Appendix), as the resistance increase due to longer side plates (used to connect the foil to the model) 

would be much greater than the resistance increments due to free surface effects. Therefore, an 

initial immersion of depth of 0.095 metres was established, at which the resistance increment due 

to side plates would not affect the results, and the lift reduction due to free surface effects would 

be minimal.  
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8.4.3. RESULTS 

Bare Hull Analysis 

The initial towing tank tests took place to establish the base resistance values for the model with no 

foils, so the obtained results could be later compared to the results obtained for the foil assisted 

model. Two loading conditions were tested: the fully loaded condition and the lightship condition. 

In order to scale the design fully loaded and arrival displacements, the weights were scaled based 

on the breadth slenderness ratio (SrB); shown in Equation 8, providing the required total weight of 

the model for each load condition, as shown in Table 8.4.3-1. 

𝑆𝑟𝐵 =
𝑊𝑎𝑡𝑒𝑟𝑙𝑖𝑛𝑒 𝐵𝑟𝑒𝑎𝑑𝑡ℎ

√𝑉𝑜𝑙𝑢𝑚𝑒
3  Equation 8 

 

 

 

 

 

 

Furthermore, two LCG positions were tested to analyse the effects of shifting the LCG at different 

loading conditions. The tested LCG positions measured from the forward perpendicular were 60% and 

65% of the design waterline. A range of Froude numbers between 0.67 and 1.22 were tested, 

completing 33 runs in total. The results showed that at and LCG of 60%, the resistance would be 

initially greater at Froude numbers below 1, compared to the 65% LCG results. However, the 

resistance value showed to be lower at Froude numbers greater than 1.09. This resistance difference 

showed to substantial for the fully loaded condition: 5% at the target speed, although minimal for 

the arrival condition.  

This effect was generated by the change in the trim angle, as the LCG and LCB of the model were 

not aligned. Therefore, at an LCG of 65% the model was initially trimmed and hence the running trim 

was greater. The increase in trim angle was also proved by the data collected, as shown in Appendix 

7.1. The effect on the model of running at a higher trim angle proved the resistance to be lower at 

lower speeds, as the dynamic lift generated by the model was greater due to the trim angle. However, 

at greater speeds the greater trim angle increased the wave resistance, making the overall resistance 

greater than the 60% LCG model, which was running flatter. 

Therefore, the non-foil assisted tests provided the initial data of the model to be later compared 

against the foil assisted resistance data. Moreover, the effects of the LCG on the overall resistance 

were also analysed, establishing an efficient LCG target value for the vessel.  

  

ITEM FULL SCALE SR BREADTH MODEL 

Fully Loaded Displacement 60.0 [tonnes] 1.396 7.8 [kg] 

Arrival Displacement 53.0 [tonnes] 1.474 7.0 [kg] 

Notes: 
   Sea water density 1.025 tonnes/m3. 
   Model measured waterline breadth 0.277 metres. 

Table 8.4.3-1: Model weights per loading condition. 
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Foil Longitudinal Position Analysis 

Once the resistance data for the bare hull model was obtained, the towing tank tests for the foil-

assisted model were performed. As the foil location was unknown at this stage, several test runs took 

place prior to establishing the final longitudinal location of the foil. Although the rough location of 

the hydrofoil can be estimated, analysing different positions and configurations was required to study 

the implications behind each of the positions. 

The following 33 runs were completed with the foil located at 75% (of LWL) from the forward 

perpendicular, and the foil initial angle of attack was set to zero degrees. As shown in Appendix 7.2, 

the results showed an increase in resistance for the entire range of Froude numbers. At low speed 

the lift generated by the foil was not enough to reduce the immersion of the hull, hence at low 

speeds the foil manly contributed to increase the frictional resistance. Although, a noticeable 

difference was found on the trim angle for these runs. For the bare hull, the trim angle gradually 

increased with the speed increment. However, the trim angle for the foil-assisted model was reduced 

until high speeds were reached. The reason for this was that at displacement and semi displacement 

speeds, the lifting moment generated by the foil is greater than the dynamic lifting moment 

generated by the hull. During the bare hull runs, as the dynamic lift is forward of the LCG, the 

resulting moment makes the trim angle to be increased. However, at low and medium speeds the 

foil-assisted model experiences a pitch down moment, and hence negative trim values are achieved. 

Moreover, at higher speeds the dynamic lift moment is greater than the foil lifting moment, which 

increases the trim angle up to very low but positives value. Due to this effect, the resultant resistance 

was much higher than the bare hull model, as the speed required to achieve the right moment 

balance between the foil lift and the dynamic lift, required a much greater speed than the target 

speed of the analysis. Also, as the trim angle were low and the model speeds high, the spray 

generated by the model was substantial, which also contributed to increase the overall resistance. 

Therefore, it was concluded that the moment balance had to be improved by reducing the foil lifting 

moment, therefore the foil had to be moved forward. 

Based on the conclusion made from the previous runs, the next runs were completed with the foil 

positioned at 73% (of LWL) from the forward perpendicular, at no initial angle of attack. As shown in 

Appendix 7.3, the results were not yet providing the targeted results, although as the foil lifting 

moment was reduced; as the distance from the foil to the LCG was reduced, at high speeds enough 

dynamic moment was reached to overcome the foil lifting moment. At Froude numbers greater than 

1.05 resistance reduction were achieved, with a 6% resistance reduction at a Froude number of 1.22. 

However, the resistance values prior to a Froude number of 1.05 were substantially greater than the 

bare hull resistance. It was concluded from this runs that although resistance reductions were 

achieved at the target speed, the resistance increment prior to reaching the target speed was not 

beneficial. Furthermore, the trim angles were still negative during the runs, hence meaning that the 

moment balance had still to be modified by moving the foil forward.  
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Therefore, the hydrofoil was moved forward to a position 68% (of LWL) from the forward perpendicular, 

and the hydrofoil initial angle of attack was kept at zero degrees. As shown in Figure 8, at low Froude 

numbers, the results showed an increment of the resistance; as per the other runs, due to the 

increase in frictional resistance added by the immersion of the hydrofoil. However, the resistance 

increments for these runs showed to be much lower than for equivalent runs with the foil at the same 

Froude number. Also, the critical Froude number was found to be much lower; at 0.89, resulting with 

a longer range of speeds at which resistance reductions were achieved. Furthermore, a resistance 

reduction of 26% was achieved at the target Froude number. The resulting foil longitudinal position 

showed to provide the required moment balance for the system to properly operate at the target 

speed. Further data is shown in Appendix 7.4.  

 

Foil Depth Analysis 

Considering a 2D flow condition around the foil, the lift generated by the section can be expressed 

as shown in Equation 9. However, the circulation (short Γ) is influenced by the presence of the hull 

surface [ref].  

𝐶𝐿
2 =

𝛤2

0.25 × 𝑆𝑝𝑒𝑒𝑑2 × 𝐶ℎ𝑜𝑟𝑑 𝐿.2
 Equation 9 

In order to analyse the interaction effects, the hull bottom surface was assumed to have no deadrise 

angle, hence flat. Therefore, the hull and foil interaction effect was approximated by considering it 

as a ground effect. When the submersion Froude number (see Equation 10) is very small, the hull 

surface would act like a wall increasing the lift when positioned at very close clearance values and 

decreasing the CL as the distance is initially increased. This alteration at high submergence Froude 

numbers (Equation 10) in CL is created due to the induced angulation of the flow next to the surface, 

which increases the effective angle of attack experience by the foil. However, as viscous forces are 

much greater closes to the surface due to boundary layer effects, the velocity profile is modified 
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reducing the flow speed experienced by the foil. Therefore, the resulting effects reduced the CL until 

the submergence Froude number is very low, at which the foil would not experience any of the effect 

as it operates at a free stream flow. The clearance required to avoid any hull and foil interaction 

effects can be approximated by Equation 11.  

𝑆𝑢𝑏𝑚𝑒𝑟𝑔𝑒𝑛𝑐𝑒 𝐹𝑛:   𝐹𝑛𝑆 =  
𝑆𝑝𝑒𝑒𝑑

√9.81 × ℎ
 Equation 10 

𝐹𝑛𝑆 >  
10

√ℎ
𝑐⁄

 Equation 11 

Where: 

• h equals the hull bottom and foil clearance (measured at the leading edge) 

• c equals the chord length of the foil section 

 

However, the clearance distance required to operate in a free stream flow would result in 2 metres 

for the full-size vessel, which would represent a non-realistic size as other unfavourable effects 

would be induced due to the excessively large clearance. Also, it would not be attractive for the 

design as it would affect the effectiveness of the vessel.  

During the following runs the foil height was analysed. Initially a clearance of 55 millimetres was 

tested at high Froude numbers. The next runs were then completed decreasing the clearance value 

by 10 millimetres each time, until a clearance value of 35 millimetres was achieved. As shown in 

Figure 9, the resistance increased as the foil was positioned closer to the hull surface, as the lift 

created by the foil was reduced due to the proximity with the bottom surface.  

The results from the analysis showed that the resistance increment due to lower lift generation was 

substantial for the highest foil position, represented by the h/c ratio of 0.556. However, the results 

for the h/c = 0.714 case showed a minimal resistance increment compared to the initial h/c = 0.873 

condition. The conclusion made from the analysis was that although the foil lift generation of the 

foil could be affected by the low depth of the foil, the effect could be minimized if the right h/c 

ratio for the correct Froude number was employed. Therefore, the h/c ratio for the full-size vessel 

was stabled to be 0.714 based on the towing tank results. Further data can be seen in Appendix 7.5. 
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8.5. FOIL SECTION ANALYSIS 

Three two-dimensional hydrofoil sections were initially considered to be appropriate for the design, 

although further analysis is presented in this section to establish which provides the best efficiency 

for the operation of the vessel. The hydrofoil sections were the NACA 63-209, Eppler E817 and the 

H105. The NACA 63-209 is part of the 6-series airfoil section developed by the National Advisory 

Committee on Aeronautics during the World War II. This series were designed with an emphasis on 

maximizing the region over which the airflow remains attached (laminar flow), hence reducing the 

drag over a small range of lift coefficients (ref). The EPPLER E817 in the other hand was specifically 

designed for use as a hydrofoil. This section was designed to prevent cavitation for the widest range 

of operations as possible, by maintaining a constant flow velocity at the design angle of attack, over 

a long flat rooftop velocity distribution which minimizes the maximum velocity and thus the potential 

for cavitation [ref]. The H105 was also designed for use as a hydrofoil, although for operation 

Reynolds numbers much lower in comparison with the previous sections. Compared to the EPPLER 

E817, the H105 provides a less abrupt transition to the recovery region (ref) providing a better 

laminar flow reattachment. In comparison, the NACA 63-209 provides a linear decrease in the velocity 

distribution to the recovery region, also promoting laminar flow.  

Figure 10 shows the lift curves predicted for the three analysed sections, at a Reynolds number of 

1.7x107, which represent a foil with a chord length of 1.2 metres operating in salt water at a speed 

of 30 knots. The analysis was performed employing the XFoil software, for 2D foil sections. The 

results showed that the EPPLER E817 foil section results as the most suitable foil section for the 

vessel, as it provides the most efficient lift to drag ratio up to an angle of attack of 7 degrees, which 

is much greater than the estimated operational angle. The stalling angle showed to be at 11.5 degrees 

at the analysed Reynold’s number, which does not represent an angle likely to be experienced by 

the vessel during operation; based on the towing tank results. Therefore, it was concluded that the 

EPPLER E817 foil section would provide the best lift to drag ratio at the Reynold number the vessel 

operates, for the target speed and at the angle of attack estimated to operate. 
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8.5.1. CAVITATION INCEPTION 

Following the initial cavitation analysis performed in Section 8.3.2, further analysis was completed 

to analyse the possible cavitation effects on the established foil section. As previously explained, 

cavitation occurs when the static pressure drops below the vapor pressure. However, if prior to 

cavitation inception the magnitude of the lowest pressure in the fluid flow is given by the minimum 

value of pressure coefficient (CpMIN), then the cavitation should occur when the minimum pressure 

reaches the vapor pressure. Therefore, the cavitation index would be given by Equation 12. 

𝜎𝐼𝑁𝐷𝐸𝑋 =  −𝐶𝑝𝑀𝐼𝑁 Equation 12 

By calculating the corresponding values of the pressure coefficient for different angles of attack, a 

boundary curve can be obtained determining the region where the pressure coefficient is greater 

than the critical cavitation number; estimated to be 1.0. Although a cavitation number of 1.0 

represents a static pressure lower than the vapor pressure, the value of the critical cavitation number 

might variate depending on the foil section, as the velocity distribution affects cavitation. Theorical 

curves for the pressure coefficient are presented in Figure 11 for the Eppler 817 foil section. The 

analysis was performed for the target speed, as that was considered as the highest speed value.  

The pressure distribution coefficient showed that at angles of attack below 2 degrees, no critical 

cavitation effects are expected as the equivalent cavitation number (see Equation 12) stays below 1.0. 

However, for angles of attack greater than 2 degrees, local cavitation will occur at the target speed. 

Because the cavitation index decreases as the free stream flow speed increases, the formation of 

some cavitation cannot be avoided at angles of attack greater than 2 at the target speed. However, 

a limited extent of leading-edge cavitation can be tolerated, as this magnitude of cavitation results 

with no unfavourable effects. Although, cavitation originating at the mid-chord position does have 

more unfavourable effect and should be avoided. 
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8.6. FINAL HYDROFOIL SPECIFICATIONS 

Based on the analysis previously completed, the final hydrofoil dimensions were established. As the 

towing tank tests showed that a single foil system could result in unstable moment balance, inducing 

porpoising effects at high speeds, it was considered that a more stable moment balance would be 

achieved if the lift generation was shared by two components; a main foil and an aft foil. The lift 

distribution was stablished to be 95% lift to be generated by the main foil and 5% lift by the aft foil. 

The resulting combination would be able to generate enough lift provided by the main foil, but the 

energy required to unbalance the vessel would be much greater due to the lifting moment generated 

by the aft foil. Therefore, for a displacement reduction of 67%, the main foil would generate 38.2 

tonnes of lift and the aft foil 2 tonnes of lift. The lift of a 3D foil section was calculated as per 

Equation 13-14. 

𝐿𝑖𝑓𝑡3𝐷 = 0.5 × 𝜌 × 𝐴𝑃𝐿𝐴𝑇𝐹𝑂𝑅𝑀 × 𝑉2 × 𝐶𝐿 3𝐷 Equation 13 

𝐶𝐿3𝐷 =  
𝐶𝐿2𝐷

2

[1 +  
3

𝐴𝑅
]

⁄  Equation 14 

Initially a low aspect ratio of 4 was assumed in order to initiate the calculation, as the method 

requires various iterations to be completed to achieve a result. In order to estimate the running trim 

angle of the vessel at the target speed while foil-assisted, and hence the angle of attack of the foil, 

the vessel specifications at the lifted displacement were analysed under the Savitsky´s systematics 

series employing Wolfson’s power prediction program. The resulting trim was 1.8 degrees, which 

compared to the towing tank results for this condition (Appendix 7.4) shared similar results. 

Therefore, for a Reynolds number of 1.7x107 a 2D lift coefficient of 0.646 was established, hence 

resulting in a 3D lift coefficient of 0.238. Then, the resulting area for the main foil was established 

as per Equation 15 which initially resulted in 12.9 square metres. 

𝐴𝑃𝐿𝐴𝑇𝐹𝑂𝑅𝑀 =  
𝐿𝑖𝑓𝑡3𝐷

0.5 × 𝜌 × 𝑉2 × 𝐶𝐿 3𝐷

 Equation 15 

In order to establish the foil depth for the full-size vessel, the foil depth of the model was scaled to 

the full size value based on the submergence Froude number (see Equation 10), assuming the 

submergence Froude number stays constant for both the model and the full size vessel.  Therefore, 

provided that the model showed successful results at a submergence Froude number of 5.15 (Section 

8.4.3), the resulting foil depth for the full-size vessel was established by Equation 16 as 0.915 metres. 

𝐹𝑜𝑖𝑙 𝐷𝑒𝑝𝑡ℎ𝐹𝑈𝐿𝐿−𝑆𝐼𝑍𝐸 =  𝐹𝑜𝑖𝑙 𝐷𝑒𝑝𝑡ℎ𝑀𝑂𝐷𝐸𝐿 × (
𝑉𝐹𝑈𝐿𝐿−𝑆𝐼𝑍𝐸

𝑉𝑀𝑂𝐷𝐸𝐿

)
2

 Equation 16 

Following the effective h/c ratio of 0.714 established in Section 8.4.3. a chord length of 1.28 metres 

was specified. Because the towing tank tests completed with an aft foil employed a much larger lift 

distribution in the aft foil, the h/c ratio of the aft foil could not be established based on the towing 

tank data. Therefore, it was assumed that the rudder foil would operate at the same depth as the 

main foil, hence achieving a greater h/c ratio than the main foil. Based on the assumption of the h/c 

ratio for the aft foil, the rest of the aft foil dimensions were established following the same procedure 

as for the main foil. 
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9. RESISTANCE, PROPULSION & MACHINERY SELECTION 

Following the initial power estimation undertaken in Section 7 for the non-foil-assisted vessel and 

considering the target displacement reduction established in Section 8.3.1, a rough estimation of the 

power requirements of the actual foil-assisted vessel was completed. The initial power estimation 

resulted in an effective power requirement of 1020 bhp assuming a twin-engine configuration, as 

twin engines were considered to be more appropriate than a single engine as they offer system 

redundancy. However, the initial powering calculation did not consider any appendage drag or air 

drag. Therefore, 10% margin was applied, establishing a power estimation of 1122 per engine. 

9.1. RESISTANCE 

The final power prediction was completed employing the Wolfson power prediction program. The 

resistance data was calculated based on Stavisky’s systematic series for planning hull forms. The 

added resistance generated by other components than the hull was also a crucial factor to be 

considered in the overall resistance calculation of the vessel in order to accurately predict the power 

requirements. Within the software there is the ability of incorporating the added resistance, such as 

appendages drag, additional drag components and windage drag was considered. 

9.1.1. ADDED RESISTANCE BY THE PROPULSION SYSTEMS 

Following the guidance for propulsion system requirements from D.Gerr [ref], the required 

dimensions to take into account the added resistance on the overall drag were calculated. Equation 

17 was used to estimate the required rudder area. The resulting value represented the overall rudder 

area required for the given parameters. Therefore, for a twin-engine configuration two 0.375 m2 

rudders were employed. 

𝑅𝑢𝑑𝑑𝑒𝑟 𝐴𝑟𝑒𝑎 [𝑚2] =
𝐿𝑊𝐿[𝑚]1.5

90.56
× √

√𝐿𝑊𝐿 [𝑚] × 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 [𝑡]

 55. .2 × 𝑆𝑝𝑒𝑒𝑑 [𝑘𝑛𝑜𝑡𝑠] × (0.0328 × 𝐿𝑊𝐿[𝑚])3 
  Equation 17 

∴  𝑅𝑢𝑑𝑑𝑒𝑟 𝐴𝑟𝑒𝑎 =
18.361.5

90.56
× √

√18.36 × 59.70

 55. .2 × 30 × (0.0328 × 18.36)3 
  = 0.75 𝑚2  

Because at this stage the final power requirements were not established, the engine power required 

for the shaft sizing calculations was based on the initial power estimation of 837 bkW (1122 bhp) 

Also, the required rpm and gearbox ratio were initially established from research data. Equation 18 

was employed to estimate the shaft size, assuming a factor of safety of 3 and a material yield stress 

of 120 Mpa. 

𝑆ℎ𝑎𝑓𝑡 ∅ [𝑚𝑚] =  3651 × √
𝐸. 𝑃𝑜𝑤𝑒𝑟 [𝑘𝑊]

𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜⁄ × 𝐹𝑜𝑆

𝑌𝑖𝑒𝑙𝑑 𝜎 [𝑘𝑃𝑎] × 𝑟𝑝𝑚

3

 
Equation 18 

∴ 𝑆ℎ𝑎𝑓𝑡 ∅ =  3651 × √
837

2.1⁄ × 3

120000 × 2300

3

= 50 𝑚𝑚   

The resistance calculation for the propulsion systems showed that the drag provided by the propulsion 

systems for the foil-assisted condition would be increased by a 11.7 % of the bare hull resistance at 

the target speed, based on the appendage resistance calculation conformed by the twin propeller 

shafts and rudders.  
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9.1.2. ADDED RESISTANCE BY THE HYDROFOIL 

The drag produced by the hydrofoil can be described as the summation of the profile drag and the 

induced drag. The profile drag includes the form drag, as well as any boundary condition effects. 

The profile drag was calculated using the XFoil software, in which the foil section was analysed at 

the target speed Reynold’s number and running trim angle. The induced drag was calculated 

separately, as the induced drag is dependant upon the 3D lift coefficient of the foil at operation 

conditions. The induced drag Cdi was calculated using the following formula: 

𝐶𝑑𝑖 =  
𝐶𝐿 3𝐷

2

𝜋 × 𝐴𝑠𝑝𝑒𝑐𝑡 𝑅𝑎𝑡𝑖𝑜
 Equation 19 

For a 3D lift coefficient of 0.238 with an aspect ratio of 4, an induced drag coefficient of 4.51x10-3 

was established. Based on the results calculated for the Eppler E817 on the Xfoil software, a profile 

drag coefficient of __ was achieved. Therefore, an overall main foil drag coefficient of __ was 

obtained. Same calculation procedure was employed to establish the overall drag coefficient of the 

aft foil. 

The overall drag coefficient and areas for the main and aft foils were then added to the power 

prediction software previously employed to evaluate the power requirements. All in all, the results 

showed a resistance increase of 5% provided by the hydrofoils at the target speed. Because the 

specification for the foil struts were not established, a 10% resistance increase was considered to 

take into account the resistance increment due to the profile drag of the struts. 

9.2. PROPULSION 

Overall, the appendage drag due to the propulsion systems, the drag generated by the hydrofoils was 

considered for the power requirements. In addition, the air drag provided by the superstructure was 

also taken into account. Following the research data from __ [ref], a drag coefficient of 0.3 was 

established to calculate the additional resistance due to air drag at a speed of ___.  The results 

showed that an effective power of _ was required for the vessel to achieve the target speed of 30 

knots under foil-assisted condition. The powering results showed a resistance reduction of __ 

compared to the non-foil-assisted power requirements. 

Another important design consideration was to provide enough power to lift the vessel to the foil-

assisted condition. Based on the towing tank data, the maximum power requirement was achieved 

at a Froude number of 0.9, at which an 8% resistance reduction was established. Therefore, the 

displacement reduction for a Froude number of 0.9 was established to 21% based on Figure 6.   
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9.3. MACHINERY SELECTION 

9.3.1. ENGINES 

Main propulsion system is formed by two high speed Caterpillar C18 engines, each engine providing 

847 bkW (1130 bhp) at 2300 rpm. Due to the operational profile of pleasure motor yachts, the engine 

rating is categories by the manufacturer as ‘E’ rated for a low annual usage not exceeding 1000 hours 

per year. This type vessel operates approximately 80% of that time running at the high rpm range of 

the engine, which was considered as an important criterion when selecting the most appropriate 

engine for the vessel. Based on the research done in 2.2, it was noticed that most of the motor yachts 

currently under operation were equipped with high-speed engines. The current engines were 

developed after decades experience in high-speed engines. Furthermore, due to excellent response 

time, a high-speed engine is beneficial for normal operation but also for manoeuvring. Therefore, 

the specified engine was chosen. See Appendix for further detail obtained from the manufacturer. 

The aspiration systems employed by this engine was also a key feature for selecting this model. These 

engines employ a turbocharged and aftercooled (TA) aspiration system, which is formed by two main 

elements: 

• A turbocharger, which converts the exhaust gas into mechanical energy driving a compressor that 

supplies the engine intake with pressured air, what results as an increase in air density (increased 

oxygen molecules) that generates more powerful explosion with each piston stroke, and thus more 

power is generated. 

• An aftercooler, which cools the air compressed by the turbocharge before it is gets into the engine 

intake. Due to the compression of the air molecules during the turbocharged phase, the intake air 

temperature gets raised. Aftercooling the compressed air before it gets into the intake valve, 

results as a better combustion. It is specified by the engine manufacturer an aftercooled air 

temperature of 60°C. 

In order to achieve great engine performance an adequate air intake system must be equipped, only 

achieved if the maximum inlet air pressure, or “Boost”, intersects the ±10 percent tolerance area on 

the maximum limit boost curve and the engine reaches the rated engine speed [ref]. 

9.3.2. GEARBOX 

The main engines are fitted with MGX-5136RV gearboxes, specially developed for pleasure crafts. 

The specific gearbox chosen has a pleasure craft service classification, for an operation of up to 500 

house per year, for a low loaded usage in planing power vessels where the typical throttle operation 

is less than 10% of total time. In addition, the balance of operation is defined the manufacturer to 

be 80% of full engine throttle or less. Due to the low shaft and angle and the clearance required 

between the hull bottom and the engine to be able to service the engines, the gearbox could not be 

directly connected to the flywheel housing. Therefore, a remote V-drive (RV) gearbox was chosen, 

as an RV gearbox allows to separate the gearbox from the flywheel housing by the distance required. 

The connection between the gearbox and the engines was done employing a cardan shaft. A standard 

direct shaft should not be employed as due to the connection distance the vibrations or any 

misalignment, could lead into permanent damage of the components. Therefore, a cardan shaft with 

a universal joint is required to be installed. The chosen gearbox model was certified to DIN ISO 

9001/EN 29001. 
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9.3.3. PROPELLER DESIGN 

A propeller is a set of identical twisted blades spaced evenly around a hub, used to transfer the 

torque power generated by the engines into thrust power. Initially the propeller size to was 

calculated based on the engine power established in Section 7 with Gerr`s propeller sizing method 

[ref], which estimated a propeller diameter of 95 cm. For the chosen engine several gearbox ratios 

were available. As each gearbox ratio would result with a different overall efficiency, the available 

gearbox ratios were analysed to evaluate the impact on the efficiency value. Due to the low 

immersion and high spinning speed of the propeller, the only gearbox ratio that resulted within the 

available blade area ratio values was the 2.52:1 ratio. In addition, the blade number was analysed 

to establish the most efficient propulsive combination for the vessel.  

Assuming a shaft efficiency of 0.97% and given a 

mechanical efficiency of 0.96% from the engine 

manufacturer data (see Appendix), an efficiency loss 

of 0.93 was considered when stablishing the propeller 

requirements. As shown in Table 9.3.3-1, the 

efficiency value for a 4 bladed or 5 bladed propellers 

was minimal. However, the diameter requirement 

was lower for a 5 bladed propeller. Therefore, a 5 

bladed propeller configuration was chosen for the 

vessel. As a result, a diameter of 0.98 meters and a 

pitch diameter ratio of 1.0 were required, achieving 

an overall propulsive efficiency of 61.95%. 

Furthermore, the engine rpm at the target speed resulted in 2270, which represents a 90% of the 

maximum engine power, meaning that the engine is not overloaded at the maximum speed and also 

providing a better fuel efficiency.  

9.4. RANGE CALCULATIONS 

Depending on the operation profile, a different 

operational speed will be required. Therefore, a 

series of operational speeds were analysed to 

stablish the most efficient speed in terms of 

resistance and power consumption, as shown in 

Range Analysis. Different approaches can be taken 

to establish the cruise speed of a vessel, depending 

on the operational profile and vessel type. If the 

cruising speed was wanted to be the maximum 

cruising range is analysed, the results show that the 

most efficient speed at which the longer range 

would be achieved was 7 knots, for which 2700 

nautical miles would be achieved. However, for 

planning speed conditions the most efficient speed 

is found at the target speed, as that the speed at 

which the greatest resistance reductions are 

achieved. 

 

 

ITEM 4 BLADED 5 BLADED 

Gearbox Ratio 2.52:1 2.52:1 

Required Dia. 1.031 0.990 

BAR 0.813 0.909 

OPC 1.130 1.127 

Efficiency 62.41 % 62.29 % 

Table 9.3.3-1: Propeller analysis. 

Speed Fuel Efficiency
Consumption 

[l/hr]
hr

Range 

[n.m]

7.16 100% 26.80 373.07 2669.77

8.90 89% 44.24 226.04 2012.73

10.57 80% 66.95 149.37 1579.46

12.24 67% 109.33 91.46 1119.91

13.97 49% 188.64 53.01 740.38

15.66 47% 222.64 44.91 703.48

17.48 49% 236.03 42.37 740.57

19.32 53% 239.91 1.00 618.42

21.24 56% 248.34 1.00 710.83

23.29 59% 254.85 1.00 817.04

25.35 63% 260.16 1.00 939.13

27.45 68% 262.85 1.00 1079.46

29.64 81% 239.19 1.00 1240.75

31.97 94% 224.20 44.60 1426.15

10000.00 litresFuel Tank Capacitities

Figure 12: Range Analysis 
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10. STRUCTURAL DESIGN 

The structural layout of the vessel was designed to conform around the general arrangement, 

optimising the structure to affect the interior spaces as less as possible. The is descripted as a hybrid 

framing system which employs a transversely framed side and bottom structure, in conjunction with 

longitudinally framed decks, as it results to be a good compromise between weight and other 

limitations that might apply to this vessel. In the hull bottom the girders form the only longitudinal 

structure of the hull which run from the transom up to the forward bulkheads. 

10.1. PRODUCTION METHOD 

The vessel was designed to be built out of composites, as specified in the design brief (section 2.1). 

As the exact production number was not yet established at this stage of the design, a short production 

number was considered. The production of the hull would be done over a female mould, with a 

lamination sequence starting from the most outer layers and followed by the core and inner layers 

next. Due to hull shape, it was considered that a split mould separated at the centreline would be 

required to ensure the correct separation of the hull form the mould. The use of a female mould 

initially requires higher construction skills compared to a male mould. However, the hull finish 

normally requires substantially lower fairing and painting skills and time. In order to avoid excessive 

hull distortion or stress in the hull while separating the split moulds, the essential structural member 

would be added to the hull prior to separating the hull from the mould, hence increasing the rigidity 

of the component when the mould is removed. The lamination method consists on hand layup 

lamination with vacuum bag consolidation, employed to ensure a solid bond between the core and 

the skins. Vacuum bagging consolidation would also lead to higher glass resin ratio, as the pressure 

allows the resins excess to be removed. Also, any air in the laminate or inter-laminate voids would 

also be avoided due to the layer compression provided by the vacuum pressure. 

10.2. HULL STRUCTURE 

The hull is built out of FRP sandwich laminates, composed by FRP inner and out shells and a thick 

and light core material in between. A cored lay-up was established based on the increase in panel 

stiffness provided by the thickness increase of the overall laminated due to the core material. The 

advantage of sandwich construction compared to solid laminates is that the strength and stiffness is 

increased without the corresponding increase in weight. Because the panel requirements are not the 

same along the vessel, the core thickness and density varies to comply with the structural 

requirements, as well to keep the panel weight low. 

LAYER PLY THICKNESS EXTENTS 

Inner 
2 x E-glass CSM 450 g/m2 2.102 mm Full 

4 x E-glass DB 600 g/m2 2.936 mm Full 

Core 

SAN A – 150 kg/m3 

SAN A – 120 kg/m3 

SAN A – 120 kg/m3 

SAN A – 90 kg/m3 

50.00 
50.00 
30.00 
20.00 

mm 

mm 

mm 

mm 

Bottom slamming region 
Aft bottom region 
Sides 
Topsides 

Outer 4 x E-glass DB 600 g/m2 2.936 mm Full 

Total Thickness 

57.974 
57.974 
37.974 
27.974 

mm 

mm 

mm 

mm 

Bottom slamming region 
Aft bottom region 
Sides 
Topsides 

Table 10.2-1: Summary of hull laminates. 
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10.3. DECK STRUCTURE 

The deck also features an FRP sandwich construction, as the stiffness required on the deck to avoid 

any deflection is too large to be made from solid glass. Also, the number of stiffeners is reduced due 

to the large allowable span of the deck panels, providing a better use of the interior volume. The 

core density varies depending on the panel, as not all the same panels share the same requirements. 

Large panes such the cabin soles and the cockpit use a greater core density than the deck sides, 

which because of the low span a lower density core is employed.  High density core is required for 

deck-hardware mountings, as high local loads should be expected in these areas. Table 10.3-1 shows 

the main laminate layup.  

 

10.4. STRUCTURAL EVALUATION 

The structural evaluation took place to ensure that the structure design for this vessel with the 

specific requirements given by the standards. Following the regulatory framework previously 

described in Section 2.3, the ISO12215-5 was specified as the standard to comply with in terms of 

scantlings. The vessel was required to comply with the rules and regulations for a design category B, 

defined as vessels considered suitable to operate in seas with significant wave height up to 4 metres 

and winds of Beaufort Force 8 or less.  In order to assist in the evaluation against the standard, the 

Hullscant software was used which is based on the ISO regulation. However, in order to verify the 

correct calculation of the program, general calculations were completed externally and then 

compared against the value given by the program, to validate the results given by the program. As 

shown in Table 10.4-1, the pressure calculations given by the program were slightly higher, although 

the difference was minimal. Therefore, the results given by the program were considered as valid. 

 

 

 

 

 

Hull, deck and superstructure panels, stiffeners and bulkheads were evaluated by the standard. As 

shown in Appendix 11, the offered structural specifications were greater than the required by the 

rule. As a result, an additional safety margin was added to the factor of safety already considered 

by the rules.  

LAYER PLY THICKNESS EXTENTS 

Inner 
2 x E-glass CSM 450 g/m2 2.102 mm Full 

2 x E-glass DB 600 g/m2 1.468 mm Full 

Core 

SAN A – 200 kg/m3 

SAN A – 120 kg/m3 

SAN A – 90 kg/m3 

20.00 

20.00 

20.00 

mm 

mm 

mm 

Reinforced 

Soles and coach roof 

Deck sides and interior 

Outer 2 x E-glass DB 600 g/m2 1.468 mm Full 

Total Thickness 22.936 mm (Specified in Drawings) 

Table 10.3-1: Summary of deck laminates. 

ITEM HULLSCANT ISO 12215-5 

nCG 2.385 2.311 

kDC 0.800 0.800 

PBMD BASE [kN/m2] 203.242 199.96 

Table 10.4-1: General calculation cross-check. 
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10.5. STRUCTURAL DETAILS 

10.5.1. HULL AND DECK JOINT 

The hull and deck joint is critical as it can 

compromise the weathertightness and the overall 

structural integrity of the vessel. The opted hull and 

deck joint is represented in Figure 13, which 

features no through-bolts jointing the deck and hull 

topsides surfaces. The deck core is bevelled in to a 

reinforced single skin laminate which is then bonded 

and laminated into the inner face of the hull 

topsides. During assembly, the deck can be rested 

over the pre-assembled bulkheads and joined to a 

proper fit with the hull. The topsides laminate is 

bevelled into a single skin laminate which is then 

turned inwards to form a flat shelf at the sheer. The 

single skin bulkward is bonded to the sheer flange 

and to the deck outer face as a separate part. The 

resulting hull and deck joint provides a strong and 

watertight construction, commonly used in industry.  

10.5.2. CHINE REINFORCEMENT 

Hard-chines were reinforced due to the high load 

concentration and the high abrasion abuse 

experienced by the chine surfaces at high speeds 

during operation. A common method used by many 

manufacturers is to reinforce the hard-chines by 

increasing the single skin laminate used in the 

bottom to a thicker single skin laminate. With core 

structures the alternative would be to stop the core 

at a distance from the hard chines and use a 

reinforced single skin laminate at the hard-chines. 

However, due to the size of the hard chines on this 

vessel and the low deadrise angle of the hull bottom 

a core reinforcement hard-chine was employed, as 

shown in Figure 14. Furthermore, the resulting 

structure provides a much more efficient load 

distribution along the surrounding surfaces, as no 

abrupt laminate transitions are experienced.  

 

 

  

Figure 13: Hull and deck joint. 

Figure 14: Chine reinforcement. 
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10.5.3. HIGH CURVATURE PANELS 

High curvature surface area such as the hull bottom 

and the bow at the centreline (see Figure 15) were 

analysed to ensure the strength of the area but also to 

ensure the production capabilities and the skill 

required for construction. Because the panes are made 

out of a sandwich laminate, the initial possibility was 

to employ a buttered-core. This method consists on 

joining the intersecting cores at the corner and fitting 

a foam or putty fillet overlapping the intersection. 

However, cores at tight corners are easily subjected to 

exposure from abrasion. Also, conforming the core into 

tight corners requires higher construction skills. 

Therefore, solid glass laminate was used, providing 

much better abrasion capabilities and requiring lower 

construction skills. The laminate thickness was 

established based on Gerr’s formulation for solid glass 

reinforcement thickness and width recommendations.  

 

 

10.5.4. FOAM SPACERS AT BULKHEAD TO HULL JOINTS 

In order to avoid hard spots on the hull, 

a trapezoidal foam spacer between the 

edge of the bulkhead and the inside of 

the hull shell is used, as shown in Figure 

16. This foam spacer also helps 

distributing the loads over the width of 

the tabbing [ref]. Although this is not 

required by the classification society 

applied for this vessel, the use of this 

arrangement is recommended. Further 

details are shown in  

  

Figure 15: Bow details. 

Figure 16: Foam spacers at bulkhead to hull joints. 
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10.6. FURTHER STRUCTURAL ANALYSIS 

10.6.1. LOADS CONSIDERATIONS FOR THE ENGINE GIRDERS 

The specifications of the engine girders were established in accordance with the rules specified by 

the ISO 12215-5 for hydrostatic loads and the requirements derived from the load scenarios covered 

in this section. The following loads were considered as static loads, independently analysed with no 

hydrostatic forces involved. The weight of engine is a critical load to be considered, as for this vessel 

each engine applies 1.8 tonnes of static load, which is transferred by the engine mounts to the 

structure. However, the static loads will not provide an acceptable load condition as during 

operational service the vessel will be subjected to vertical accelerations, increasing the loads 

transferred to the structure. Moreover, the thrust provided by the propellers was also considered, as 

it is transferred to the structure by the engine mounts.  

In order to determine the load transfer when subjected to high accelerations, the weight of the 

engines and the additional acceleration was considered. Based on the vessel type and operational 

profile, the vertical accelerations were established to be 1.73 g’s, established based on Lloyd’s Rules 

and Regulations for the Classification of Special Service Craft Part 5, Chapter 2 Section 3. 

𝑎 [𝑔′𝑠] = 1.5 × 𝜃𝐵 × (𝐻1 + 0.084) × (5 − (0.1 × 𝜃𝐷)) × 𝛤2 × 10−3 Equation 20 

The mathematical model employed during the analysis was developed assuming the engine girders 

were simply supported at the ends, as this condition resulted with the greatest load values providing 

a small safety margin in the calculations. Also, as the contact surface between the structure and the 

engine supports is considerably small compared to the total span of the girders, the vertical loads 

were considered as point loads. Because the thrust is transferred to the structure by the engine, the 

resulting forces are also transferred to the structure. Due to the shaft angle, the thrust loads are 

transferred to the structure vertically and longitudinally. Vertical loads were considered to be 

transferred in the opposite direction than the previously considered vertical acceleration and the 

longitudinal thrust loads to be transferred longitudinally on the engine mounts, inducing a direct 

shearforce taken by the engine girder’s core. Therefore, the engine girders were analysed in bending 

moment and direct shearforce due to the vertical loads, and also analysed in direct shearforce due 

to the longitudinal thrust component. The engine girder strength properties were obtained following 

the ISO 122515-5 GRP stiffener analysis and the HullScant software. In addition, the core shear 

strength was obtained based on the manufacturers data for the SAN A 120 kg/m3 core employed for 

the engine girder core material. As shown in Appendix 8.0, the engine girders comply with the vertical 

load requirements, achieving a minimum margin of 206% at the worst-case scenario. 
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10.6.2. FOIL LOADS ON THE STRUCTURE 

The lift provided by the main foil is a critical load to be considered, as for this vessel the main foil 

is lifting 38.2 tonnes in normal operation. However, the worst case must be considered in order to 

provide a safety margin that would consider any loadcase not covered by the analysis. Due to the 

high load concentration provided by a single point, the load foil struts were positioned vertically 

aligned with the inner engine girders. The inner engine girders were reinforced by the necessary 

laminate reinforcement to ensure the adequate structural strength of the component. 

The mathematical model employed during the analysis was developed assuming the engine girders 

were simply supported at the ends, as this condition resulted with the greatest load values providing 

a small safety margin in the calculations. Due to the reduced contact surface of the foil struts; 

compared to the longitudinal span of the engine girders in the compartment, the foil lifting loads 

were considered as point loads under the girders. Therefore, the engine girders at the foils were 

analysed in bending moment and direct shearforce due to the vertical lifting loads. The engine girder 

strength properties were obtained following the ISO 122515-5 GRP stiffener analysis and the HullScant 

software. Because the loads due to normal operation would not provide a safety margin for uncertain 

loadcases, a situation at which the foil lift the full displacement of the vessel was considered as the 

worst-case scenario. As shown in Appendix 9.0, the engine girders comply with the vertical load 

requirements, achieving a minimum margin of 206% at the worst-case scenario. 

11. FINAL WEIGHT ESTIMATE 

Detailed weights and centers estimation were undertaken, as the location of the centre of gravity 

was critical for the foil investigation, as well as to ensure the compliance with the required stability 

requirements specified by the appropriate standard. Since it was not possible to analyse the weights 

and centers of all the items on board, the critical weight; identifiable by big weights, were mainly 

covered. A weight allowance factor was applied to the different weight groups to cover the items 

that were not specified. The components covered in the weight estimate represent the fixed weight 

of the vessel with no crew or tank content on board, providing the lightship displacement of the 

vessel. Arrival condition was specified by the rules and regulations as the lightship condition with the 

appropriate deadweight o board and 10% of the tank’s capacity full. Half load and full load condition 

were also analysed. A summary of the weight is shown next. Further details can be seen in Appendix 

10. 

  

Accommodation 23170.0 7.2 0.4 1.2 165809.9 8192.4 28095.0

Systems 11218.5 2.6 0.0 0.1 22545.5 -38.2 656.1

Structure 12482.7 7.2 0.0 0.5 69351.2 0.0 4864.1

Safety Equipment 681.8 3.59 0.00 0.96 1745.90 0.00 465.73

Displacement 47553

LCG 5.46

VCG 0.72

TCG 0.17
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12. STABILITY 

As previously introduced in Section 2.3, the vessel must comply with the stability requirements 

specified by the MCA-MGN280, 11.4 Motor Vessels Complying with Section 11.1.1.3. The stability 

analysis was performed analysing the 3D model of the hull on the MaxSurf Stability software. The 

stability criteria are found within the software, although external calculations were also completed 

to validate the critical results given by the program. 

The initial weight study was initially employed to establish the location of the centre of gravity along 

the vessel, for the fully loaded condition. Based on the initial weight analysis, the hull’s longitudinal 

centre of buoyancy (LCB) was established, to ensure the vessel trim level at the fully loaded condition. 

In order to determine whether the initial weight estimated employed to establish the hull 

hydrostatics were close to the weights and centers from section 11, an equilibrium stability analysis 

was completed. Moreover, the analysis was done for the fully loaded, half voyage and arrival 

conditions, in order to evaluate the equilibrium of the boat at the range of operational load 

conditions.  

Following the initial stability analysis shown in Section 5, further analysis was completed to ensure 

that the vessel complies with the stability requirements for its safe operation. To evaluate the 

stability, the MGN280 criteria for the equilibrium and large angle stability conditions was employed, 

for intact and damaged condition. The resulted showed the compliance of the vessel for all condition. 

Due to large stability margin, the possibility of increasing the stability category was contemplated. 

However, due to the low airintake position this was not successful. A summary of the results obtained 

is shown in Appendix. 
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13. CONCLUSION 

The final vessel meets the design brief initially developed for the design. No changes had to be done 

to the design that affected the initially stablished specification of the vessel. Moreover, the 

resistance calculation showed that targeted speed could be achieved under foil-assisted condition. 

Also, the design meets the RCD category B for stability and category B for the structures. The foil 

investigation showed that the hydrofoil system could be employed in the vessel, achieving significant 

power reductions. However, the foil investigation should be further analysed and as only the critical 

subjects were introduced in this project. Therefore, further analysis should be done regarding fluid 

dynamics and structure to fully evaluate the foil requirements. All in all, the design covers all the 

subjects required to be established at the current stage of the design process.  
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Appendix 1.1 – Parametric Analysis Data 

# Brand - Model Year 
Displacement Power LOA LWL BOA Draft Top Speed 

Material 
[tonnes] [hp] [m] [m] [m] [m] [knots] 

1 Azimut - 72 2018 53.30 2800 22.05 19.01 5.60 1.82 32.0 GRP 

2 Azimut - 80 2018 64.00 3100 23.71 20.39 6.18 1.72 28.0 GRP 

3 Canados - 76 Gt 2018 56.00 2300 23.70 20.38 5.80 1.98 24.0 GRP 

4 Canados - 808 2018 70.00 3100 23.25 20.00 6.25 1.95 29.0 GRP 

5 Ferreti - 780 2018 65.00 2800 22.75 19.78 5.80 1.94 28.0 GRP 

6 Galeon - 780 2018 61.63 3100 22.86 19.79 5.80 1.30 28.0 GRP 

7 Gulf Craft - Majesty 77 2018 56.50 3100 22.21 18.98 6.00 1.20 30.0 GRP 

8 Montecarlo - 70 2018 47.46 2400 20.13 17.23 5.45 1.64 31.0 GRP 

9 Montecarlo - 76 2018 53.11 2800 21.78 18.67 5.65 1.64 30.0 GRP 

10 Princess - F 70 2018 39.94 2400 21.25 19.32 5.38 1.58 32.0 GRP 

11 Princess - F 76 2018 55.00 3100 22.31 19.92 5.80 1.82 31.0 GRP 

12 Riva - 76 Bahamas 2018 60.50 3100 22.67 19.89 5.75 1.98 32.0 GRP 

13 Riva - 76 Perseo 2018 60.50 3600 22.67 19.89 5.75 1.90 37.0 GRP 

14 Riviera - 68 2018 55.71 3100 21.00 17.80 6.00 1.90 30.0 GRP 

15 Riviera - 72 2018 61.70 3600 22.00 18.64 6.00 1.95 35.0 GRP 

16 Sunseeker – 76 2018 57.20 3100 22.30 18.95 5.95 1.70 32.0 GRP 

           

# 
Range Range Speed Fuel Tank Water Tank LOA   - 

BOA 
LOA - LWL 

BOA - 

Draft 
Slenderness Ratio Barnaby 'k' 

Power / 

Weight [N.m] [knots] [litres] [litres] 

1 814 10.6 5200 1100 3.938 1.160 3.077 5.093 4.380 52.533 

2 728 10.4 6000 1100 3.837 1.163 3.593 5.140 3.991 48.438 

3 2252 7.3 4800 1200 4.086 1.163 2.929 5.371 3.715 41.071 

4 570 7.5 5600 1200 3.720 1.163 3.205 4.892 4.323 44.286 

5 300 - 5000 1050 3.922 1.150 2.990 4.961 4.232 43.077 

6 - - 5500 1800 3.941 1.155 4.462 5.052 3.917 50.300 

7 - - 7570 1140 3.701 1.170 5.000 4.987 4.018 54.867 

8 - - 4000 800 3.693 1.168 3.323 4.799 4.325 50.569 

9 310 - 4000 1000 3.855 1.167 3.445 5.007 4.099 52.721 

10 - - 4100 910 3.950 1.100 3.405 5.698 4.095 60.090 

11 - - 4100 910 3.847 1.120 3.187 5.281 4.096 56.364 

12 320 - 5600 840 3.943 1.140 2.904 5.107 4.435 51.240 

13 315 - 5600 840 3.943 1.140 3.026 5.107 4.758 59.504 

14 - - 7000 850 3.500 1.180 3.158 4.698 3.990 55.646 

15 - - 9000 850 3.667 1.180 3.077 4.757 4.546 58.349 

16 1000 10 6000 1400 3.748 1.177 3.500 4.958 4.312 54.196 

PARAMETRIC STUDY 



Appendix 1.2 – Parametric Analysis Graphs 
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Appendix 1.2 – Parametric Analysis Graphs 
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Appendix 2.0 – Initial Weight Study 

Item Value Unit Item Value Unit Weight Item Value Unit Item

ΔL 53.00 tonnes 14.66 tonnes Lightship

LOA 22.90 S1 88.22 27.7 % Fully Loaded

LWL 18.40 S2 0.00 14.88 tonnes LCG

BOA 6.00 S3 101.97 28.1 % VCG

Dx 1.55 S4 33.48 1.30 tonnes

Tx 1.55 SR 180.3 2.5 %

NWTB 6.00 fDIS 1.08 0.36 tonnes

NM 250 CT/D 1.14 0.7 %

fSRV Megayacht ES 223.7 m2 5.03 tonnes

fMAT FRP NLR 4 9.5 %

RPOWER 2600 kW fSAR 0.78 7.69 tonnes

PEFFICIENCY 55 % fSRV 1.013 14.5 % 2.14 0.87

fMAT 1.14 0.68 tonnes 6.02 1.45

EPOWER 4030 kW 1.3 % 10.93 1.52

1.65 tonnes 15.91 0.87

3.1 % 19.26 -0.10

Weight Δ / Compartment

tonnes A B C D E tonnes

1 Structural 14.66 Δ Δ Δ Δ Δ 2.93

2 Propulsive 14.88 - - - Δ - 14.88

3 Electrical Power 1.30 Δ Δ Δ Δ Δ 0.26

4 Electronic Equipment 0.36 - Δ Δ Δ Δ 0.09

5 Auxiliary Machinery 5.03 - - - Δ Δ 2.52

6 Outfit 7.69 Δ Δ Δ Δ Δ 1.54

7 Special Systems 0.68 - - - Δ Δ 0.34

8 Deadweight 1.65 Δ Δ Δ - - 0.55

0.928 m from DWL

58.10

46.30

Value

Weight Estimation by Compartments

RESULTS

62.12% from FP

83.47 7.09

11.98 0.26

10.51 2.12

4.29 0.28

D

88.51 1.93

E

236.76 12.88

B

14.14 1.20

C

Compartment
Long. C                   

metres

Vert. C                   

metres

159.17 13.52

A

Estimation of the Centre of Gravity 

# Item
Compartments L.Moment                 

tm

V.Moment                           

tm

Outfit

Special Systems

Deadweight

Indicates if the compartment 

does take any of  the total 

"Item" weight.

Δ

Electrical Power

Electronic Equipment

-
Auxiliary Machinery

-

Structural Weight
Structural

m
-

Propulsive

INITIAL SPECIFICATIONS CALCULATIONS GENERAL RESULTS

INITIAL WEIGHT ESTIMATE 



Appendix 3.1 – Deadrise Angle Analysis Data 

Item Value Unit Deadrise CL0 y T Displ. Drag V1 Re Cf Cf total Friction D Total D Plan Drag Relation

30 kts 1.0 0.166 7.118 1.894 19.468 15.362 5.12E+07 2.30E-03 2.70E-03 68.423 87.928 -10.43%

15.432 m/s 2.0 0.168 7.157 1.849 19.004 15.364 5.15E+07 2.30E-03 2.70E-03 68.793 87.832 -10.53%

Displacement 60 t 3.0 0.171 7.196 1.804 18.544 15.366 5.17E+07 2.30E-03 2.70E-03 69.186 87.764 -10.60%

Bc 5.424 m 4.0 0.173 7.235 1.760 18.087 15.368 5.20E+07 2.30E-03 2.70E-03 69.603 87.723 -10.64%

W. Density 1.025 t/m3 5.0 0.175 7.274 1.716 17.633 15.370 5.23E+07 2.29E-03 2.69E-03 70.045 87.710 -10.66%

K. Viscosity 1.16E-05 6.0 0.178 7.314 1.672 17.183 15.372 5.26E+07 2.29E-03 2.69E-03 70.513 87.725 -10.64%

CLB 0.163924 - 7.0 0.180 7.354 1.629 16.735 15.373 5.29E+07 2.29E-03 2.69E-03 71.005 87.769 -10.60%

d 1.3 8.0 0.183 7.394 1.585 16.290 15.375 5.32E+07 2.29E-03 2.69E-03 71.524 87.842 -10.52%

9.0 0.185 7.434 1.542 15.848 15.377 5.35E+07 2.29E-03 2.69E-03 72.070 87.944 -10.42%

10.0 0.188 7.475 1.499 15.407 15.379 5.38E+07 2.28E-03 2.68E-03 72.643 88.076 -10.28%

11.0 0.190 7.517 1.457 14.969 15.381 5.41E+07 2.28E-03 2.68E-03 73.245 88.238 -10.12%

12.0 0.193 7.558 1.414 14.533 15.383 5.44E+07 2.28E-03 2.68E-03 73.875 88.430 -9.92%

13.0 0.196 7.600 1.372 14.098 15.384 5.47E+07 2.28E-03 2.68E-03 74.535 88.654 -9.70%

14.0 0.198 7.642 1.330 13.664 15.386 5.50E+07 2.28E-03 2.68E-03 75.226 88.911 -9.43%

15.0 0.201 7.685 1.288 13.231 15.388 5.53E+07 2.27E-03 2.67E-03 75.949 89.199 -9.14%

16.0 0.204 7.728 1.246 12.800 15.390 5.57E+07 2.27E-03 2.67E-03 76.704 89.522 -8.81%

17.0 0.207 7.771 1.204 12.369 15.391 5.60E+07 2.27E-03 2.67E-03 77.493 89.879 -8.45%

18.0 0.210 7.814 1.162 11.938 15.393 5.63E+07 2.27E-03 2.67E-03 78.316 90.271 -8.05%

19.0 0.213 7.858 1.120 11.508 15.395 5.66E+07 2.27E-03 2.67E-03 79.176 90.699 -7.61%

20.0 0.216 7.902 1.078 11.078 15.396 5.69E+07 2.26E-03 2.66E-03 80.073 91.165 -7.14%

21.0 0.219 7.947 1.036 10.647 15.398 5.73E+07 2.26E-03 2.66E-03 81.009 91.669 -6.62%

22.0 0.222 7.992 0.994 10.216 15.399 5.76E+07 2.26E-03 2.66E-03 81.985 92.213 -6.07%

23.0 0.225 8.037 0.952 9.784 15.401 5.79E+07 2.26E-03 2.66E-03 83.003 92.798 -5.47%

24.0 0.228 8.082 0.910 9.351 15.403 5.83E+07 2.26E-03 2.66E-03 84.064 93.425 -4.84%

25.0 0.231 8.128 0.868 8.916 15.404 5.86E+07 2.25E-03 2.65E-03 85.171 94.097 -4.15%

26.0 0.235 8.174 0.825 8.480 15.406 5.89E+07 2.25E-03 2.65E-03 86.324 94.813 -3.42%

27.0 0.238 8.221 0.783 8.042 15.407 5.93E+07 2.25E-03 2.65E-03 87.527 95.577 -2.64%

28.0 0.242 8.268 0.740 7.601 15.409 5.96E+07 2.25E-03 2.65E-03 88.782 96.390 -1.81%

29.0 0.245 8.315 0.697 7.158 15.410 6.00E+07 2.25E-03 2.65E-03 90.090 97.255 -0.93%

30.0 0.248 8.362 0.653 6.712 15.412 6.03E+07 2.24E-03 2.64E-03 91.455 98.172 0.00%

Vboat

DEADRISE ANGLE ANALYSIS DATA 



Appendix 7.1 – Bare Hull Towing-Tank Results 

 

  

BARE HULL TOWING TANK DATA 

Run No.
Carriage 

Speed

Speed               
m/s

RT                        
N

SF                     
N

Heave                       
mm

Trim 
degrees

Froude No. Rn CV CT CW

CONDITION A

1 200 0.828 1.21391 -0.01419 -3.02 0.026 0.2730 6.81E+05 5.10E-03 1.40E-02 8.91E-03

2 250 1.029 2.14465 0.05503 -4.2926 0.08437 0.3393 8.46E+05 4.86E-03 1.60E-02 1.12E-02

3 300 1.221 3.35593 0.14255 -4.91057 0.22396 0.4026 1.00E+06 4.68E-03 1.78E-02 1.31E-02

4 350 1.415 5.33838 0.20432 -7.30901 0.77203 0.4665 1.16E+06 4.54E-03 2.11E-02 1.66E-02

5 400 1.614 8.53937 0.33774 -7.28994 1.78955 0.5321 1.33E+06 4.41E-03 2.59E-02 2.15E-02

6 450 1.815 10.02658 0.49242 -4.19265 2.28716 0.5984 1.49E+06 4.30E-03 2.41E-02 1.98E-02

7 500 2.02 10.88028 0.57459 -0.31898 2.57592 0.6660 1.66E+06 4.21E-03 2.11E-02 1.69E-02

8 550 2.323 11.53657 0.78062 2.72279 2.60683 0.7659 1.91E+06 4.09E-03 1.69E-02 1.28E-02

9 600 2.454 12.00725 0.91515 5.31255 2.66579 0.8091 2.02E+06 4.05E-03 1.58E-02 1.17E-02

10 650 2.69 13.12888 1.07675 7.97394 2.86173 0.8869 2.21E+06 3.97E-03 1.44E-02 1.04E-02

11 700 2.926 14.33064 1.32784 10.95338 3.16164 0.9647 2.41E+06 3.91E-03 1.32E-02 9.34E-03

12 750 3.168 15.14804 1.54352 15.25846 3.51275 1.0445 2.61E+06 3.85E-03 1.19E-02 8.10E-03

13 800 3.425 16.08985 1.39053 20.52726 3.8894 1.1292 2.82E+06 3.79E-03 1.09E-02 7.07E-03

14 850 3.698 16.69363 1.22668 25.60685 4.05606 1.2192 3.04E+06 3.73E-03 9.66E-03 5.93E-03

15.1 900 3.972 16.98101 1.14672 25.28443 6.88428 1.3096 3.27E+06 3.68E-03 8.52E-03 4.84E-03

CONDITION B

15 500 2.02 10.29752 0.64721 -3.96145 1.86645 0.6660 1.66E+06 4.21E-03 2.00E-02 1.58E-02

16 550 2.232 10.93061 0.70796 -0.96829 1.92842 0.7359 1.84E+06 4.13E-03 1.74E-02 1.32E-02

17 600 2.454 11.70318 0.89513 1.55572 1.93632 0.8091 2.02E+06 4.05E-03 1.54E-02 1.13E-02

18 650 2.69 12.67105 1.05816 3.28509 2.00096 0.8869 2.21E+06 3.97E-03 1.39E-02 9.88E-03

19 700 2.925 13.81598 1.4106 5.21494 2.14894 0.9644 2.41E+06 3.91E-03 1.28E-02 8.87E-03

20 750 3.172 14.97655 1.49576 7.70833 2.37706 1.0458 2.61E+06 3.85E-03 1.18E-02 7.93E-03

21 800 3.426 16.23517 1.70761 11.52507 2.8795 1.1295 2.82E+06 3.79E-03 1.09E-02 7.16E-03

22 850 3.703 17.05167 1.65201 16.90751 3.21802 1.2209 3.05E+06 3.73E-03 9.84E-03 6.11E-03

LCG 65% - Fully Loaded

BARE HULL MODEL RESULTS

LCG 60% - Fully Loaded



Appendix 7.1 – Bare Hull Towing-Tank Results 

 



Appendix 7.1 – Bare Hull Towing-Tank Results 

  



Appendix 7.2 – Foil-Assisted Towing Tank Results (pos. 75%) 

FOIL-ASSITED TOWING 

TANK RESULTS (POS. 75%) 

Speed RT MODEL SF MODEL

Heave 

MODEL

Trim RT FULL-SIZE

[m/s] [N] [N] [mm] [degrees] [kN]

1 200 0.827 1.720 0.577 -0.921 0.095 0.2727 6.80E+05 1.57E-02 1.99E-02 4.19E-03 10.54 42% 3.66

2 250 1.029 2.828 0.815 -1.690 0.055 0.3393 8.46E+05 1.47E-02 2.11E-02 6.39E-03 18.12 32% 4.55

3 300 1.222 4.195 1.125 -2.203 -0.069 0.4029 1.01E+06 1.41E-02 2.22E-02 8.18E-03 27.65 25% 5.41

4 350 1.414 6.428 1.575 -3.367 -0.766 0.4662 1.16E+06 1.35E-02 2.54E-02 1.19E-02 43.70 20% 6.26

5 400 1.613 9.656 2.134 -2.251 -2.278 0.5318 1.33E+06 1.30E-02 2.94E-02 1.63E-02 67.51 13% 7.14

6 450 1.815 11.047 2.304 1.779 -2.738 0.5984 1.49E+06 1.26E-02 2.65E-02 1.39E-02 76.89 10% 8.03

7 500 2.020 12.002 2.514 6.285 -2.777 0.6660 1.66E+06 1.23E-02 2.33E-02 1.10E-02 82.58 10% 8.94

8 550 2.233 12.536 3.040 10.999 -2.344 0.7362 1.84E+06 1.20E-02 1.99E-02 7.92E-03 84.19 9% 9.88

9 600 2.453 13.133 3.584 14.582 -1.641 0.8088 2.02E+06 1.17E-02 1.73E-02 5.58E-03 87.46 9% 10.85

10 650 2.690 13.928 4.164 17.847 -0.730 0.8869 2.21E+06 1.14E-02 1.52E-02 3.81E-03 91.71 6% 11.90

11 700 2.928 15.390 4.905 19.171 0.296 0.9654 2.41E+06 1.12E-02 1.42E-02 3.02E-03 100.29 7% 12.96

12 750 3.168 17.255 5.154 19.389 1.048 1.0445 2.61E+06 1.10E-02 1.36E-02 2.63E-03 110.69 14% 14.02

13 800 3.429 20.297 -1.278 18.794 1.303 1.1305 2.82E+06 1.08E-02 1.37E-02 2.89E-03 128.16 26% 15.17

14 850 3.697 22.747 -0.489 19.445 1.427 1.2189 3.04E+06 1.06E-02 1.32E-02 2.59E-03 140.42 36% 16.36

CT CW
RT 

REDUCTION

Speed FULL 

SCALE

FOIL-ASSISTED MODEL (pos. 75%)

Run No.
Carriage 

S.
Froude No. Rn CV

LWL FULL SIZE 18.36 Hull MODEL

LWL MODEL 0.93 Heel Fitting

Scale MODEL 19.81 - Post 1.1

BWL FULL SIZE 5.42 ∑0 = 5.85

BWL MODEL 0.27 B1 - MODEL 2.0

30.00 knots ∑1 = 7.80

15.43 m/s B2 - MODEL 1.15

Δ1 - FULL SIZE 59.00 ∑2 = 7.00

Δ2 - FULL SIZE 51.00

Sr BREADTH 1.404 -

Δ1 - MODEL 7.4 Item Value Unit

Δ2 - MODEL 6.6 ϕ SEA WATER 1025

(1 + k) 1.00 - ϕ FRESH WATER 1000

WSA FULL SIZE 96.88 μ SEA WATER 1.19E-03

WSA MODEL 0.247 μ FRESH WATER 1.14E-03

Item Value Item Value UnitUnit

DESIGN PARAMETERS MODEL WEIGHTS

m 4.75

kgm

V FULL SIZE

tonnes

FLUID CONDITIONS

kg

kg/m3

m2 Ns/m2



Appendix 7.4 – Foil-Assisted Towing Tank Results (pos. 73%) 

 

FOIL-ASSITED TOWING 

TANK RESULTS (POS. 73%) 

Speed RT MODEL SF MODEL Heave Trim RT FULL-SIZE

[m/s] [N] [N] [mm] [degrees] [kN]

1 200 0.8270 1.6805 0.5105 -1.2724 0.0764 0.2743 6.72E+05 5.12E-03 1.99E-02 1.48E-02 8.22 38% 7.16

2 250 1.0290 2.8703 0.6637 -1.0678 0.0550 0.3413 8.36E+05 4.87E-03 2.20E-02 1.71E-02 15.38 34% 8.90

3 300 1.2210 4.3515 0.8628 -0.7890 -0.0345 0.4050 9.92E+05 4.70E-03 2.37E-02 1.90E-02 24.67 30% 10.57

4 350 1.4150 6.6997 1.1216 0.9870 -0.5748 0.4693 1.15E+06 4.55E-03 2.71E-02 2.26E-02 40.45 26% 12.24

5 400 1.6140 10.3611 1.4581 2.4345 -1.2345 0.5353 1.31E+06 4.42E-03 3.22E-02 2.78E-02 66.15 21% 13.97

6 450 1.8150 11.7478 1.8955 5.5478 -2.5432 0.6020 1.48E+06 4.32E-03 2.89E-02 2.46E-02 74.22 17% 15.71

7 500 2.0210 12.3049 2.3955 6.0865 -3.4237 0.6703 1.64E+06 4.22E-03 2.44E-02 2.02E-02 75.77 13% 17.49

8 550 2.2330 12.8986 3.0629 11.7680 -3.3716 0.7406 1.82E+06 4.13E-03 2.10E-02 1.68E-02 75.22 12% 19.32

9 600 2.4540 13.4415 3.5404 17.1899 -3.3370 0.8139 1.99E+06 4.06E-03 1.81E-02 1.40E-02 76.86 12% 21.24

10 650 2.6910 14.0818 4.0620 23.0028 -3.3591 0.8925 2.19E+06 3.98E-03 1.58E-02 1.18E-02 78.35 7% 23.29

11 700 2.9260 15.1056 -1.5420 34.2183 -4.1077 0.9705 2.38E+06 3.92E-03 1.43E-02 1.04E-02 81.93 5% 25.32

12 750 3.1720 15.1595 -2.2650 33.9117 -2.7760 1.0521 2.58E+06 3.85E-03 1.22E-02 8.36E-03 79.06 0% 27.45

13 800 3.4290 14.6875 -0.8002 42.9957 -2.6766 1.1373 2.79E+06 3.80E-03 1.01E-02 6.33E-03 73.56 -9% 29.67

14 850 3.6970 15.7601 -2.5809 42.1038 -1.1418 1.2262 3.01E+06 3.74E-03 9.35E-03 5.61E-03 74.40 -6% 31.99

Speed FULL SCALE

FOIL-ASSISTED MODEL (pos. 73%)

RT 

REDUCTION

Run No.
Carriage 

S.
Froude No. Rn CV CT CW

LWL FULL SIZE 18.36 Hull MODEL

LWL MODEL 0.93 Heel Fitting

Scale MODEL 19.81 - Post 1.1

BWL FULL SIZE 5.42 ∑0 = 5.85

BWL MODEL 0.27 B1 - MODEL 2.0

30.00 knots ∑1 = 7.80

15.43 m/s B2 - MODEL 1.15

Δ1 - FULL SIZE 59.00 ∑2 = 7.00

Δ2 - FULL SIZE 51.00

Sr BREADTH 1.404 -

Δ1 - MODEL 7.4 Item Value Unit

Δ2 - MODEL 6.6 ϕ SEA WATER 1025

(1 + k) 1.00 - ϕ FRESH WATER 1000

WSA FULL SIZE 96.88 μ SEA WATER 1.19E-03

WSA MODEL 0.247 μ FRESH WATER 1.14E-03

Item Value Item Value UnitUnit

DESIGN PARAMETERS MODEL WEIGHTS

m 4.75

kgm

V FULL SIZE

tonnes

FLUID CONDITIONS

kg

kg/m3

m2 Ns/m2



Appendix 7.4 – Foil-Assisted Towing Tank Results (pos. 68%) 

 

FOIL-ASSITED TOWING 

TANK RESULTS (POS. 68%) 

Speed RT MODEL SF MODEL Heave MODEL Trim RT FULL-SIZE

[m/s] [N] [N] [mm] [degrees] [kN]

1 200 0.8270 1.4602 0.2062 -0.8554 7.1189 0.2743 6.72E+05 5.12E-03 1.73E-02 1.22E-02 8.95 20% 7.16

2 250 1.0290 2.4030 0.3485 -1.7048 7.3680 0.3413 8.36E+05 4.87E-03 1.84E-02 1.35E-02 15.40 12% 8.90

3 300 1.2220 3.5847 0.5907 -2.1363 7.2592 0.4053 9.93E+05 4.69E-03 1.95E-02 1.48E-02 23.63 7% 10.57

4 350 1.4150 5.6669 0.7782 -3.7335 5.8620 0.4693 1.15E+06 4.55E-03 2.29E-02 1.84E-02 38.53 6% 12.24

5 400 1.6140 9.3226 0.9897 -3.1823 2.6977 0.5353 1.31E+06 4.42E-03 2.90E-02 2.46E-02 65.18 9% 13.97

6 450 1.8100 10.9502 1.0654 0.1847 1.5650 0.6003 1.47E+06 4.32E-03 2.71E-02 2.28E-02 76.22 9% 15.66

7 500 2.0200 11.7022 1.2993 5.7907 1.5565 0.6700 1.64E+06 4.22E-03 2.32E-02 1.90E-02 80.51 8% 17.48

8 550 2.2330 12.1734 1.7710 10.8802 2.4185 0.7406 1.82E+06 4.13E-03 1.98E-02 1.57E-02 81.75 6% 19.32

9 600 2.4550 12.6786 1.9278 15.8108 2.9749 0.8143 2.00E+06 4.06E-03 1.70E-02 1.30E-02 84.43 6% 21.24

10 650 2.6910 13.1387 2.4339 21.9267 3.4936 0.8925 2.19E+06 3.98E-03 1.47E-02 1.07E-02 86.51 0% 23.29

11 700 2.9290 13.5330 2.6702 29.1435 -2.9658 0.9715 2.38E+06 3.92E-03 1.28E-02 8.87E-03 88.19 -6% 25.35

12 750 3.1720 13.8810 3.3239 33.2644 -1.9927 1.0521 2.58E+06 3.85E-03 1.12E-02 7.33E-03 89.05 -8% 27.45

13 800 3.4250 12.9119 1.8758 43.7646 5.6216 1.1360 2.78E+06 3.80E-03 8.92E-03 5.12E-03 81.53 -20% 29.64

14 850 3.6950 12.4279 2.0557 50.2570 0.4084 1.2255 3.00E+06 3.74E-03 7.38E-03 3.64E-03 76.72 -26% 31.97

15 900 3.9760 12.2500 1.3909 53.2099 2.1597 1.3187 3.23E+06 3.69E-03 6.28E-03 2.59E-03 0.00 -28% 34.41

CWCTCVRnFroude No.

FOIL-ASSISTED MODEL (pos. 68%)

Carriage S.Run No. Speed FULL SCALERT REDUCTION

LWL FULL SIZE 18.36 Hull MODEL

LWL MODEL 0.93 Heel Fitting

Scale MODEL 19.81 - Post 1.1

BWL FULL SIZE 5.42 ∑0 = 5.85

BWL MODEL 0.27 B1 - MODEL 2.0

30.00 knots ∑1 = 7.80

15.43 m/s B2 - MODEL 1.15

Δ1 - FULL SIZE 59.00 ∑2 = 7.00

Δ2 - FULL SIZE 51.00

Sr BREADTH 1.404 -

Δ1 - MODEL 7.4 Item Value Unit

Δ2 - MODEL 6.6 ϕ SEA WATER 1025

(1 + k) 1.00 - ϕ FRESH WATER 1000

WSA FULL SIZE 96.88 μ SEA WATER 1.19E-03

WSA MODEL 0.247 μ FRESH WATER 1.14E-03

Item Value Item Value UnitUnit

DESIGN PARAMETERS MODEL WEIGHTS

m 4.75

kgm

V FULL SIZE

tonnes

FLUID CONDITIONS

kg

kg/m3

m2 Ns/m2



Appendix 7.5 – Foil Depth Analysis Data 

FOIL DEPTH ANALYSIS DATA 

Submergence Fn. Speed 0 SFN Drag 0 Speed Drag CT Inmersion h/c Speed FN s Drag CT

3.441 2.016 2.745 17.860 2.016 17.860 0.0347 0.035 0.556 2.016 3.441 17.860 0.0347

4.168 2.442 3.034 21.303 2.016 17.860 0.0347 0.035 0.556 2.442 4.168 21.303 0.0282

4.971 2.913 3.325 22.432 2.442 21.303 0.0282 0.035 0.556 2.913 4.971 22.432 0.0209

5.835 3.419 3.441 21.474 2.016 17.860 0.0347 0.035 0.556 3.419 5.835 21.474 0.0145

3.034 2.016 3.675 14.680 2.442 21.303 0.0282 0.045 0.714 2.016 3.034 14.680 0.0286

3.675 2.442 3.966 15.530 2.913 22.432 0.0209 0.045 0.714 2.442 3.675 15.530 0.0206

4.384 2.913 4.168 16.410 2.442 21.303 0.0282 0.045 0.714 2.913 4.384 16.410 0.0153

5.146 3.419 4.384 18.798 2.913 22.432 0.0209 0.045 0.714 3.419 5.146 18.798 0.0127

2.745 2.016 4.655 14.680 3.419 21.474 0.0145 0.055 0.873 2.016 2.745 14.680 0.0286

3.325 2.442 4.971 14.990 2.913 22.432 0.0209 0.055 0.873 2.442 3.325 14.990 0.0199

3.966 2.913 5.146 16.490 3.419 21.474 0.0145 0.055 0.873 2.913 3.966 16.490 0.0154

4.655 3.419 5.835 19.040 3.419 21.474 0.0145 0.055 0.873 3.419 4.655 19.040 0.0129



Appendix 8.0 – Engine Specifications 



Appendix 9.0 - Engine Girder Loads 

Item Value  Unit Item Value  Unit

LWL 18.4 Taylor Quotient 3.602 -

BWL 5.42 L1 7.707 -

BC @ LCG 5.15 H1 0.738 -

Displacement 60.0 tonnes Vertical Acceleration 1.726 g´s

Boat Speed 30.0 knots

Deadride @ LCG 15.0 Thrust Load OZ 3.151

Running Trim 4.00 Force no. 1 30.706

Design Wave Height 4.00 m Force no. 2 30.712

Left Reaction 30.708

Overall Length 1.45 Right Reaction 30.710

Distance A 0.48

Distance B 0.97 Thrust Load OY 17.87 kN

Section Area

Inner Girder 91860.58 Evaluation Validation Margin %

Outer Girder 60671.08 Direct Shearforce

Allowable Axial SF Inner Girder PASS 663%

Inner Girder 260.98 Outer Girder PASS 438%

Outer Girder 133.84 Indirect Shearforce

Allowable M Inner Girder PASS 850%

Inner Girder 70.21 Outer Girder PASS 436%

Outer Girder 30.57 Bending Moment

Core Shear Strength 1.29 Mpa Inner Girder PASS 473%

Outer Girder PASS 206%

Engine Weight 1814 Kg

No. Supports 4 -

Engine Power 747 kW

Shaft Angle 10 degrees

Overall Efficiency 55 %

VERTICAL LOADS

PROPULSION  SPECIFICATIONS

BOAT SPECIFICATIONS ACCELERATIONS

m

degrees

kN · m

kN

LONGITUDINAL LOADS

mm2

kN

m

GIRDER SPECIFICATIONS

ENGINE GIRDER LOADS DATA 



Appendix 9.0 - Foil Girder Loads 

Evaluation Validation Margin %

Overall Length 1.45 Direct Shearforce

Distance A 0.48 Inner Girder PASS 663%

Distance B 0.97 Outer Girder PASS 438%

Section Area Indirect Shearforce

Inner Girder 91860.58 Inner Girder PASS 105%

Outer Girder 60671.08 Outer Girder PASS 105%

Allowable Axial SF Bending Moment

Inner Girder 355.78 Inner Girder PASS 106%

Outer Girder 356.89 Outer Girder PASS 106%

Allowable M

Inner Girder 174.79

Outer Girder 174.79

Core Shear Strength 1.29 Mpa

Foil Loads 20100 Kg

LOAD  SPECIFICATIONS

GIRDER SPECIFICATIONS

m

mm
2

kN

kN · m



Appendix 10.0 – Final Weight Estimate 

Weight Long. Arm Trans. Arm Vert. Arm Long. M Trans. M Vert. M

[kilograms] [metres] [metres] [metres] [Kg·m] [Kg·m] [Kg·m]

Port Engine 1814.0 3.78 -1.06 0.26 6862.80 -1928.45 468.14

Starboard Engine 1814.0 3.78 1.06 0.26 6862.80 1928.45 468.14

Port Dry Silencer 410.0 4.01 -2.07 1.13 1644.92 -848.15 465.23

Starboard Dry Silencer 410.0 4.01 2.07 1.13 1644.92 848.15 465.23

Port Through-Hull Exhaust Outlet 35.0 2.28 -2.10 -0.50 79.63 -73.50 -17.63

Starboard Through-Hull Exhaust Outlet 35.0 2.28 2.10 -0.50 79.63 73.50 -17.63

Port Rubber Below 12.0 2.28 -2.10 -0.12 27.30 -25.20 -1.48

Starboard Rubber Below 12.0 2.28 2.10 -0.12 27.30 25.20 -1.48

Port Spray Ring 34.0 2.28 -2.10 0.63 77.36 -71.40 21.28

Starboard Spray Ring 34.0 2.28 2.10 0.63 77.36 71.40 21.28

Port Steel Compensator 1 10.5 3.05 -2.10 1.13 32.05 -22.05 11.91

Starboard Steel Compensator 1 10.5 3.05 2.10 1.13 32.05 22.05 11.91

Port Steel Compensator 2 10.5 5.17 -2.10 0.49 54.24 -22.05 5.11

Starboard Steel Compensator 2 10.5 5.17 2.10 0.49 54.24 22.05 5.11

Port Gearbox 267.0 6.13 -1.06 -0.35 1637.70 -283.02 -92.12

Starboard Gearbox 267.0 6.13 1.06 -0.35 1637.70 283.02 -92.12

Port Cardon Shaft 45.0 5.15 -1.06 -0.23 231.63 -47.70 -10.26

Starboard Cardon Shaft 45.0 5.15 1.06 -0.23 231.63 47.70 -10.26

Port Engine Supports 32.0 3.12 -1.06 -0.28 99.78 -33.92 -9.00

Starboard Engine Supports 32.0 3.12 1.06 -0.28 99.78 33.92 -9.00

Port Rudder and Rudder Arm 230.0 0.56 -1.17 -1.33 129.75 -269.18 -306.60

Starboard Rudder and Rudder Arm 230.0 0.56 1.17 -1.33 129.75 269.18 -306.60

Port Propeller 60.0 1.05 -1.06 -1.45 62.77 -63.60 -86.74

Starboard Propeller 60.0 1.05 1.06 -1.45 62.77 63.60 -86.74

Port Shaft 60.0 3.43 -1.06 -0.98 205.75 -63.60 -58.96

Starboard Shaft 60.0 3.43 1.06 -0.98 205.75 63.60 -58.96

Aft Port P-Bracket 40.0 1.47 -1.06 -1.10 58.84 -42.40 -43.87

Fwd Port P-Bracket 40.0 3.10 -1.06 -0.93 124.13 -42.40 -37.08

Aft Starboard P-Bracket 40.0 1.47 1.06 -0.93 58.84 42.40 -37.08

Fwd Starboard P-Bracket 4.0 3.10 1.06 -0.93 12.41 4.24 -3.71

30% 8629.6 2.61 0.00 0.08 22546 -38.16 656

Engine RoomSystems

Margin

Category :  PROPULSIVE SYSTEM

Subcategory Group Item



Appendix 10.0 – Final Weight Estimate 

Weight Long. Arm Trans. Arm Vert. Arm Long. M Trans. M Vert. M

[kilograms] [metres] [metres] [metres] [Kg·m] [Kg·m] [Kg·m]

Gelcoat 1127.00 7.34 0.00 1.25 8276.69 0.00 1408.75

Bulkhead A 23.22 18.14 0.00 1.20 421.25 0.00 27.81

Bulkhead B 53.03 14.35 0.00 0.62 761.15 0.00 33.09

Bulkhead C 65.12 10.16 0.00 0.58 661.34 0.00 37.45

Bulkhead D 58.72 6.36 0.00 0.52 373.34 0.00 30.53

Bulkhead E 58.95 2.01 0.00 0.52 118.57 0.00 30.72

Frame A 285.29 19.25 0.00 1.20 5490.59 0.00 341.72

Frame B 283.45 17.00 0.00 0.62 4818.42 0.00 176.87

Frame C 286.54 15.68 0.00 0.58 4492.37 0.00 164.78

Frame D 288.65 12.95 0.00 0.56 3738.57 0.00 161.64

Frame E 282.71 11.55 0.00 0.54 3266.08 0.00 151.25

Frame F 287.78 8.89 0.00 0.53 2558.87 0.00 151.08

Frame G 285.54 7.62 0.00 0.52 2175.64 0.00 148.48

Frame H 284.46 4.91 0.00 0.52 1396.88 0.00 146.50

Frame I 289.38 3.46 0.00 0.51 1000.52 0.00 147.58

Engine Girders 7.00 0.00 0.12 0.00 0.00 0.00

General Girders 14.34 0.00 0.11 0.00 0.00 0.00

Deck Longitudinal 10.67 0.00 1.77 0.00 0.00 0.00

Aft Bottom Region 886.12 5.08 0.00 -0.90 4497.70 0.00 -797.51

Slaming Bottom Region 681.09 14.25 0.00 -0.53 9707.25 0.00 -357.94

Sides 407.07 9.03 0.00 0.09 3677.40 0.00 35.57

Topsides 835.24 9.84 0.00 1.27 8222.10 0.00 1063.23

Deck 668.19 9.84 0.00 1.67 6577.68 0.00 1115.88

Superstructure 548.10 9.84 0.00 3.75 5395.50 0.00 2055.38

30% 9602.11 7.22 0.00 0.51 69351.20 0.00 4864.12

Category :  STRUCTURE

Subcategory Group Item

Structure General

Margin



Appendix 10.0 – Final Weight Estimate 

Weight Long. Arm Trans. Arm Vert. Arm Long. M Trans. M Vert. M

[kilograms] [metres] [metres] [metres] [Kg·m] [Kg·m] [Kg·m]

Starboard Sofa 400.0 12.28 -1.35 1.80 4913 -539 722

Table 21.5 6.08 -0.77 1.89 130 -16 40

Port Sofa 300.0 12.28 1.35 1.80 3684 406 541

TV 20.0 6.06 1.84 2.37 121 37 47

Side Windows 60.0 10.09 0.30 2.16 605 18 130

Outfit 1100.0 9.36 0.28 2.01 10293 304 2207

Saloon 1901.5 19747 210 3688

Saloon with 30% margin 2662.0 - - -

Sink + Systems 11.7 8.63 1.82 3.04 101 21 35

Shelve 4.5 8.05 1.92 3.62 36 9 16

WC Unit 26.5 8.08 1.36 2.13 214 36 56

Outfit 450.0 8.25 1.70 2.93 3713 766 1319

Day Head 492.7 4064 832 1427

Day Head with 30% margin 689.7 - - -

Table 28.9 9.08 -1.12 2.19 262 -32 63

6 x Chairs 62.7 9.08 -1.12 1.82 569 -70 114

Side Windows 60.0 8.80 -0.18 2.30 528 -11 138

Outfit 1050.0 8.98 -0.81 2.10 9432 -846 2210

Dinning Area 1201.6 10792 -959 2525

Dinning Area with 30% margin 1682.2 - - -

Hobs 12.5 9.34 1.47 3.05 117 18 38

Oven 36.0 9.62 1.47 1.99 346 53 72

Microwave 20.0 9.34 1.47 3.47 187 29 69

Extractor Hood 15.0 9.34 1.47 2.59 140 22 39

Dishwasher 31.9 10.52 0.87 2.08 335 28 66

Sink 7.7 10.86 0.86 2.85 83 7 22

Fridge 86.0 10.86 1.61 1.99 934 138 171

Lower Cabinets 15.0 10.52 1.10 3.37 158 16 51

Upper Cabinets 45.0 10.52 1.10 3.37 473 49 152

Side Windows 60.0 10.69 1.16 2.90 641 70 174

Outfit 1050.0 10.16 1.26 2.77 10668 1319 2907

Galley 1379.0 14083 1749 3761

Galley with 30% margin 1930.7 - - -

Staircase Staircase 110.0 10.90 1.32 0.69 1199 145 75

Table 30.0 12.45 -0.41 2.17 373 -12 65

Pilot Seat 62.0 12.68 0.89 2.35 786 55 146

Helm Console 12.0 13.42 0.87 2.84 161 10 34

Navigation Instrument 30.0 13.42 0.87 2.84 403 26 85

Side Windows 60.0 12.99 0.55 2.55 780 33 153

Outfit 1100.0 12.99 0.55 2.55 14293 610 2804

Pilot Station 1294.0 16796 722 3287

Pilot Station with 30% margin 1811.6 - - -

2 x Cleats 80.0 19.81 0.00 2.19 1585 0 175

Windlass 110.0 20.39 0.06 2.04 2243 6 224

Bow Roller 20.0 20.83 0.00 2.04 417 0 41

Anchor 63.0 21.24 0.00 2.04 1338 0 128

Foredeck 273.0 5582 6 568

Foredeck with 30% margin 382.2 - - -

Table 39.0 2.39 0.00 1.67 93 0 65

Sofa 200.0 2.07 0.00 1.80 414 0 361

Fyblridge Stairs 250.0 4.32 1.74 2.92 1080 436 731

2 x Cleats 80.0 1.68 0.00 1.82 134 0 146

Aftdeck 569.0 1722 436 1303

Aftdeck with 30% margin 796.6 - - -

Category : ACCOMODATION & JOINERY

Group ItemSubcategory

Dinning Area

8.98 -0.80 2.10

10.21 1.27 2.73

Galley

Saloon

1.940.1110.38

Day Head

8.25 1.69 2.90

12.98 0.56 2.54

20.45 0.02 2.08

3.03 0.77 2.29

Pilot Station

Foredeck

Aftdeck

Main Deck



Appendix 10.0 – Final Weight Estimate 

2 x Beds 22.0 1.03 -1.61 0.09 23 -36 2

2 x Wardrobes 30.0 1.03 -0.42 0.63 31 -13 19

2 x Washing Machines 130.0 1.73 0.93 0.35 225 121 45

Sink 11.7 0.51 1.66 0.99 6 19 12

WC Unit 26.5 0.76 2.45 0.09 20 65 2

Shower 20.0 1.59 2.25 -0.37 32 45 -7

Outfit 1100.0 1.13 1.37 0.34 1239 1512 371

Crew Cabin 1340.2 1575 1715 444

Crew Cabin with 30% margin 1876.2 - - -

Double Bed 40.0 8.54 0.00 0.09 342 0 4

Double Sink 23.4 6.67 -0.51 0.99 156 -12 23

WC Unit 26.50 6.79 0.44 0.09 180 12 2

Shower 20.00 7.01 2.08 -0.37 140 42 -7

Wardrobe Unit 50.00 7.15 -1.85 0.63 357 -92 31

Desk Table 40.00 9.05 -2.06 -0.01 362 -83 0

Desk Chair 10.00 9.05 -1.55 0.10 90 -16 1

Sofa 185.00 8.88 2.05 0.03 1642 380 5

Outside Wardrobe 15.00 10.55 -0.75 0.63 158 -11 9

Side Windows 60.00 8.19 -0.24 0.24 491 -14 14

Outfit 1100.00 9.14 -0.51 0.20 10056 -562 217

Master Cabin 1569.9 13975 -357 300

Master Cabin with 30% margin 2197.8 - - -

2 x Single Beds 22.00 12.72 -1.37 0.27 280 -30 6

Wardrobe 15.00 14.12 -1.91 0.81 212 -29 12

Sink 11.68 15.25 -1.33 1.18 178 -16 14

WC Unit 26.50 14.92 -1.91 0.27 395 -51 7

Shower 20.00 15.03 -0.74 -0.18 301 -15 -4

Side Windows 35.00 14.41 -1.45 0.47 504 -51 16

Port Guest Cabin 130.2 1870 -191 52

Port Guest Cabin with 30% margin 182.2 - - -

Double Bed 40.00 11.33 1.22 0.27 453 49 11

Wardrobe 30.00 13.27 1.90 0.81 398 57 24

Sink 11.68 14.14 1.29 1.18 165 15 14

WC Unit 26.50 13.73 1.82 0.27 364 48 7

Shower 20.00 13.76 0.53 -0.18 275 11 -4

Side Windows 35.00 13.25 1.35 0.47 464 47 16

Outfit 1100.00 13.63 1.38 0.51 14992 1518 559

Starboard Guest Cabin 1263.2 17112 1745 627

Starboard Guest Cabin with 30% margin 1768.4 - - -

Double Bed 40.00 17.20 0.00 0.54 688 0 22

Wardrobe 30.00 15.93 -1.51 1.08 478 -45 32

Sink 11.68 14.79 0.38 1.45 173 4 17

WC Unit 26.50 14.53 1.04 0.54 385 28 14

Shower 20.00 14.93 1.47 0.09 299 29 2

Side Windows 35.00 15.48 0.28 0.74 542 10 26

Outfit 1100.00 15.13 0.33 0.78 16644 365 855

Forward VIP Cabin 1263.2 19208 391 967

Forward VIP Cabin with 30% margin 1768.4 - - -

1.18 1.28 0.33

8.90 -0.23 0.19

14.37 -1.46 0.40

Crew Cabin

Master Cabin

Port Guest Cabin

Starboard Guest Cabin

Forward VIP Cabin

13.55 1.38 0.50

15.21 0.31 0.77

Lower Deck



Appendix 10.0 – Final Weight Estimate 

Weight Long. Arm Trans. Arm Vert. Arm Long. M Trans. M Vert. M

[kilograms] [metres] [metres] [metres] [Kg·m] [Kg·m] [Kg·m]

Fire Estinguishers 85.0 9.18 0.00 1.67 780 0 142

Fire Estinguish Engine Room 200.0 3.78 0.00 1.53 757 0 306

Life Raft 80.0 1.03 0.00 0.09 83 0 7

Life Jackets 12.0 1.03 0.00 0.09 12 0 1

Emergency Dinghy 110.0 1.03 0.00 0.09 114 0 10

Safety Equipment 487.0 1746 0 466

Safety Equipment with 30% margin 681.8 - - -
0.00 0.96

Category :  SAFETY EQUIPMENT

Subcategory Group Item

Safety 

Equipment
General

3.59

Accommodation 23170.0 7.2 0.4 1.2 165809.9 8192.4 28095.0

Systems 11218.5 2.6 0.0 0.1 22545.5 -38.2 656.1

Structure 12482.7 7.2 0.0 0.5 69351.2 0.0 4864.1

Safety Equipment 681.8 3.59 0.00 0.96 1745.90 0.00 465.73



Appendix 11.0 – Final Stability 

MGN280 Stabi l i ty  Analys is  -  Summary  

Criteria Value Units Actual Status Margin [%] 

Passenger crowding heeling arm      

number of passengers: nPass = 12 Tonnes    

passenger mass: M = 0.095 m    

distance from centre line: D = 4.000     

cosine power: n = 1     

Heel arm amplitude  m 0.219   

11.4.2 Initial GMt    Pass  

spec. heel angle 0.0 deg    

shall be greater than (>) 0.500 m 0.665 Pass +24.8 

11.4.1.1 Angle of equilibrium due to passenger crowding (regular loading 
conditions) 

   Pass  

Passenger crowding heeling arm      

shall be less than (<) 7.0 deg 6.0 Pass +14.26 

11.4.1.1 Value of heel at equilibrium due to pass crowding (requires pass. 
crowding loading condition) 

   Pass  

The angle of: heel     

shall not be greater than (<=) 7.0 deg 5.6 Pass +20.46 

11.4.1.2 Initial GMtMin. freeboard at equilibrium (requires pass. crowding 
loading condition) 

   Pass  

the min. freeboard of the Deck Edge     

shall be greater than (>) 0.075 m 0.191 Pass +154.67 
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HULL HYDROSTATICS

ITEM VALUE UNIT
    Displacement 60.00 tonnes
    Volume 58.54 m3

    LOA 22.84

m
    LWL 18.33
    BOA 5.97
    BWL 5.42
    Tc 1.18
    Cp 0.73

-    Cb 0.50
    Cm 0.71
    WSA 96.26 m2

    LCB (from ST 0) -60.83 %    LCF (from ST 0) -58.24

DRAWING NOTES:

· Station spacing:  1835.50 mm

· Aft platform not taken as part of the hull.

· LOA includes the aft platform.
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SPECIFICATIONS

ITEM VALUE UNIT

  LOA 22.84

m

  LWL 18.33

  BOA 5.97

  BWL 5.42

  Draft 2.02
  Loaded Displacement 60.00 tonnes
  Engine Power 2x 1001hp Cat. C18 -
  Max Speed 30.00

knots
  Cruise Speed 26.00
  Range 30.00 nm
  RCD Category Category B -
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TABLE OF LAMINATES

LAYER MATERIAL PLY WEIGHT WF EXTENTS THICKNESS
[mm]

  OUTER SKIN

1 E-glass CSM 450 g/m2 0.33  FULL 1.051

2 E-glass CSM 450 g/m2 0.33  FULL 1.051

3 E-Glass DB 600 g/m2 0.5  FULL 0.734

4 E-Glass DB 600 g/m2 0.5  FULL 0.734

5 E-Glass DB 600 g/m2 0.5  FULL 0.734

6 E-Glass DB 600 g/m2 0.5  FULL 0.734

  CORE

7a SAN A Core 150 kg/m3 -  BOTTOM SLAMMING REGION 50.00

7b SAN A Core 120 kg/m3 -  AFT BOTTOM REGION 50.00

7c SAN A Core 120 kg/m3 -  SIDES 30.00

7d SAN A Core 90 kg/m3 -  TOPSIDES 20.00

  INNER SKIN

3 E-Glass DB 600 g/m2 0.5  FULL 0.734

4 E-Glass DB 600 g/m2 0.5  FULL 0.734

5 E-Glass DB 600 g/m2 0.5  FULL 0.734

6 E-Glass DB 600 g/m2 0.5  FULL 0.734
Total Bottom Thickness [mm]:  . 57.974

Total Reinforced Bottom Thickness [mm]:  . 57.974
Total Sides Thickness [mm]:  . 37.974

Total Topsides Thickness [mm]:  . 27.974

℄℄

TABLE OF REINFORCEMENT LAMINATES

LAYER MATERIAL PLY WEIGHT WF EXTENTS THICKNESS
[mm]

  KEEL REINFORCEMENT

- E-Glass DB 600 g/m2 0.5  FULL 0.734

- E-Glass DB 600 g/m2 0.5  FULL 0.734

- E-Glass DB 600 g/m2 0.5  FULL 0.734

- E-Glass DB 600 g/m2 0.5  FULL 0.734

  REINFORCEMENT FOR P-BRAKETS

- E-Glass DB 600 g/m2 0.5  ZONE A 0.734

- E-Glass DB 600 g/m2 0.5  ZONE A 0.734

  REINFORCEMENT FOR SHAFT PROTRUSION

- E-Glass DB 600 g/m2 0.5  ZONE B 0.734

- E-Glass DB 600 g/m2 0.5  ZONE B 0.734
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TABLE OF LAMINATES

LAYER MATERIAL PLY WEIGHT WF EXTENTS THICKNESS
[mm]

  OUTER SKIN

1 E-glass CSM 450 g/m2 0.33  FULL 1.051

2

E-Glass DB 600 g/m2 0.5  FULL 0.734

  CORE

4a SAN A Core 200 kg/m3 -  REINFORCEMENT 20.00

4b SAN A Core 120 kg/m3 -  SOLES AND COACH ROOF 20.00

4c SAN A Core 90 kg/m3 -  DECK SIDES AND INTERIOR 20.00

  INNER SKIN

4 E-Glass DB 600 g/m2 0.5  FULL 0.734

5 E-Glass DB 600 g/m2 0.5  FULL 0.734

6
Total Thickness [mm]:  . 25.038

E-glass DB 600 g/m2 0.5  FULL 0.734

3

E-glass CSM 450 g/m2 0.33  FULL 1.051
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GIRDER & TRANSVERSE FRAME LAMINATES

MATERIAL PLY WEIGHT WF
THICKNESS

[mm]
E-glass CSM 450 g/m2 0.33 1.051
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass CSM 450 g/m2 0.33 1.051
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734
E-glass CSM 450 g/m2 0.33 1.051
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734

Crown Thickness [mm]  . 11.309
E-glass CSM 450 g/m2 0.33 1.051
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734
E-glass CSM 450 g/m2 0.33 1.051
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734

Web Thickness [mm]  . 6.506

DECK STIFFENER LAMINATES

MATERIAL PLY WEIGHT WF
THICKNESS

[mm]
E-glass CSM 450 g/m2 0.33 1.051
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass UD 500 g/m2 0.50 0.536
E-glass CSM 450 g/m2 0.33 1.051
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734
E-glass CSM 450 g/m2 0.33 1.051
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734

Crown Thickness [mm]  . 8.769
E-glass CSM 450 g/m2 0.33 1.051
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734
E-glass CSM 450 g/m2 0.33 1.051
E-glass DB 600 g/m2 0.50 0.734
E-glass DB 600 g/m2 0.50 0.734

Web Thickness [mm]  . 5.038
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BULKHEAD LAMINATES

MATERIAL PLY WEIGHT WF
THICKNESS

[mm]

E-glass Quadraxial 600 g/m2 0.5 0.734
E-glass Quadraxial 600 g/m2 0.5 0.734
E-glass Quadraxial 600 g/m2 0.5 0.734
E-glass Quadraxial 600 g/m2 0.5 0.734
E-glass CSM 300 g/m2 0.3 0.701

SAN A Core 90 kg/m3 - 10.00

SAN A Core 90 kg/m3 - 10.00
E-glass CSM 300 g/m2 0.3 0.701
E-glass Quadraxial 600 g/m2 0.5 0.734
E-glass Quadraxial 600 g/m2 0.5 0.734
E-glass Quadraxial 600 g/m2 0.5 0.734
E-glass Quadraxial 600 g/m2 0.5 0.734

                                                                                              Total Thickness: 27.274

GUNWALE LAMINATES

MATERIAL PLY WEIGHT WF
THICKNESS

[mm]

E-glass CSM 450 g/m2 0.33 1.051
E-glass CMS/WR 850 g/m2 0.33 3.296
E-glass CMS/WR 850 g/m2 0.33 3.296
E-glass CMS/WR 850 g/m2 0.33 3.296

Total Thickness [mm]:  . 10.939
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LABEL ITEM DESCRIPTION
A   P-Bracket
B   Intermediate Strut Bearing

C   Strengland

D
  Spray Ring   Halyard MarineE

  Rubber BellowsF

  Silicone BellowsG
  BypassH
  Underwater DischargeI
  Stainless Steel CompensatorJ
  Mild Steel Dry SilencerK
  Propulsion Engine   Caterpillar C18 ACERTL

  Gearbox   Twin Disk MGX-5136RVM

  Cardan Shaft

  Halyard Marine

  Halyard Marine

  Halyard Marine

  Halyard Marine

  Halyard Marine

  Halyard Marine
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