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Abstract 
In the beginning of the design process the first question was which segment to compete in with the 

Q380. It was decided that it should be a performance cruiser that is not too restricted of economic 

criteria which means that more exotic material can be used within reason.  

The design philosophy was not to optimize the yacht for downwind sailing without neglecting the 

upwind performance, as is the most common philosophy on the market, but to do the opposite. This 

was to be able to niche the design and because the yacht is to be sailed in all wind directions and not 

driven by engine as soon as upwind condition prevails as is common. Furthermore, the intended 

customer is an eager sailor who prefers performance over comfort and engine size. Of course the 

number of customers, that are willing to completely surrender comfort for performance when buying 

an expensive 38-footer, is limited. Therefore the design had to take a middle way and use innovative 

ideas to make the yacht perform better than the competitors and still be a comfortable way of 

spending your vacation. 

A part of the design philosophy has also been to use modern technology and environmental friendly 

equipment. This is to be done in a way so that the criteria of an A-classed yacht are fulfilled according 

to the ISO-standards.  

For the design process the book Principles of Yacht Design by Lars Larsson and Rolf E. Eliasson1, from 

now on referred as PoYD, has been used as a guide. Additionally, ISO-standards, various software and 

information from manufacturers have been used.  

As a start a thorough market survey was done to obtain hull shape and rig dimension characteristics 

of yachts in the same intended segment as the Q380. Mean values of these measurements were then 

used as input for the first iteration in the design process. The shape of the hull was then altered to 

optimize the hull according to the design philosophy. The main limitation was that the length should 

be 38 feet.  

The result of the optimization was a slender hull with a fairly circular transverse cross-section below 

the waterline. This gave the yacht a quite tender behaviour up to about 22° of heel where it 

stabilizes. The maximum width is about 3.6 meters which is a bit more slender than the competitors. 

Length over all is 11.58 meters with a waterline length of 10.86 meters. The maximum draught was 

restricted to 2.1 meters because of navigational problems with a large draught. To gain the 

advantage with a deep keel without violating this demand a large rudder was designed to take 

advantage of the biplane effect.  

The engine and propeller installation is the really innovative part where an electric motor in the bulb 

with a folding propeller that when folded creates a natural end of the bulb. This decreases the 

appendage drag immensely and increases the metacentric height. Moreover, the placement of the 

batteries has a higher degree of freedom than a diesel engine, so a more suitable weight distribution 

can be obtained. 

When it comes to the general arrangement and deck layout the main consideration was to design a 

comfortable yacht which is easy to handle and has good trim possibilities for race situations. To keep 

                                                           
1
 Larsson, L. and Eliasson, R.E., (2007) Principles of Yacht Design, Third Edition: Adlard Coles Nautical, London; 

which is further on referred to as PoYD 
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the weight as low as possible for high performance was also an issue aligned with the goals of the 

design. 

The same principle holds for the rig and scantling. However the design of these has to follow the NBS 

and ISO-standards which in practise only leave the distribution of stiffeners, panels and materials as 

degrees of freedom. Since the Q380 is not as restricted when it comes to cost the mast and boom 

was decided to be constructed of carbon fibre. Furthermore, the mast is 18.3 meters which allowed a 

total upwind sail area of 87 m2. This gave the Q380 a sail area over wetted surface value of 2.6.  

According to the final analysis of the Q380 in a velocity prediction program the yacht is very fast both 

upwind and downwind. Just as the previous analysis implied it had a tender behaviour up to about 

20° of heel where it stabilizes. The polar plot was also compared with for example the Xp 382 and the 

Q380 was faster in all wind angles and wind speeds. 

                                                           
2
 Xp 38, for further information see: http://www.x-yachts.dk/seeems/110669.asp (available 2011-12-02) 

http://www.x-yachts.dk/seeems/110669.asp
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1 The design task 
The Yacht Design Project is a course which is given as a part the Master Program Naval Architecture 

at Chalmers University of Technology. The course is divided into a lecture part, which provides the 

theory behind yacht design, and design classes, where the yacht is designed by a group of students. 

The results of this project are presented in this report. First the given design task will be introduced 

and the requirements will be analysed. 

1.1 Background  
The Arcona yachts are modern, high performance cruising yachts in sizes from 34 to 46 feet. In 2010 

the Arcona 430 was elected European Yacht of the Year by the yachting press in Europe and in 2009 

the 340 was nominated for the same award. The designer, Stefan Qviberg, is a naval Architect, and 

has recently cooperated with Chalmers in several projects.  During the autumn of 2011 a new 38 foot 

Arcona will be designed, and Stefan Qviberg has suggested running a parallel “shadow” project at 

Chalmers, the Q 380. Both projects shall have the same specifications, and the main ideas behind the 

design shall be the same. However, the Chalmers project is less restricted by commercial aspects and 

innovative solutions are encouraged.  

This is Stefan Qviberg’s view of the Q 380 project: 

 The intention of the project should be to design a concept yacht that is possible to sell 

on the market. But the yacht should also include new ideas around material, production, 

construction, keel and sail plan. 

 Regarding material there are a number of new fibres for hull construction and in the 

future there will be restrictions regarding use of some tropical hardwoods. 

 The project group has the freedom to think of alternative solutions compared to existing 

yachts; still a restriction is in the market and what is possible to sell. Market could be in 

different sectors, for example exclusive small production or cheap mass production. 

 It is important to think in new directions and to come up with alternatives to production 

and design compared to yachts produced today. 

1.2 Project group’s interpretation of background statements 
Initially a comprehensive discussion regarding the stated requirements in the task was carried out. 

Other designs in the same range were analysed regarding main particulars and features in order to 

get an overview of norms in the current market. From this summary some limits and averaged 

properties were derived.  

The project group was comprised mainly of passionate sailors in various forms and had several 

wishes of their own on the design and behaviour of the yacht. These in combination with a discussion 

on which market segment to position the design led to an idea of what value of each parameter to 

aim for with respect to the analysis of current designs. The above stated was then taken into 

consideration together with rough statistical data from the PoYD to further form the overall design 

outlines.  
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The project group’s main considerations resulted in that the yacht should be: 

 Given an environmental friendly profile – this is a requirement that will cause some conflict 

in a market currently dominated by demands for comfort and propulsive solutions. 

 Performing well on a close hauled tack but also have a good overall performance. 

 Able to accommodate a four person family – however the family will only have basic needs 

for comfort and buy this yacht as a mean of exercising their interest in sailing as well as for 

outdoor life. 

 A yacht designed for sailing – meaning that developed solutions should prioritize the sailing 

characteristics of the yacht rather than comfort and range when motoring.   

 Responsive and quick in its steering characteristics – with an excellent feel for the yacht. 

 Easy to operate with a crew of two and able to operate alone. 

1.3 Specification of requirements 
Following the background and the section above a specification of requirements was set up in order 

to focus the ambition of the project. The target customer group was stated as a family with a solid 

sailing experience that wishes to sail their yacht rather than use it as a floating caravan. An ambition 

was to create an innovative sailing yacht that performs well in club racing as well as has the 

possibility to sail the world with the family. New materials should be used wherever it is suitable, but 

the yacht should still have a price that is suitable for the segment. Since the yacht is designed for club 

racing, it should perform well in all wind directions and wind velocities. Further the ambition has 

been to give the yacht a modern and environmental friendly air.  

Field Requirement Wish/Demand 

General     

Certification CE Class A, ocean D 

Type of yacht Performance cruiser, a race winner with capability to cruise the world. D 

Customer  Family with sailing experience, focused on sailing rather than motoring D 

Price, max [SEK] 2'500'000 D 

Comfort level Comfortable but not extravagant W 

Aesthetics A safe but sporty look W 

Environmentalness An environmental touch W 

Sailing characteristics     

Crew req. Easy to operate with a crew of 2. Ability to operate alone. D 

Manoeuvring Very quick and responsive feel. Course stable with slight windward helm W 

Characteristics Good performance with focus on upwind sailing.  W 

Dimensions     

Loa [m] 11.40 -11.60 (38ft) D 

Draft, max [m] 2.10 D 

Beam, max [m] 3.8 D 

Height, max [m] 20 D 

Displacement [t] 5-7, depending on building method D 

General arrangement     

Cabins 2 D 

Berths [No.Of] 6 D 

Fresh water capacity [l] 300 W 

Table 1. Specification of requirements for Q380 
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2 Hull shape development, hydrodynamic evaluation and optimization 
The development of the hull shape is a process based on many inputs and requirements. Desirable 

properties such as hydrostatic stability, low resistance, aesthetical appearance and load carrying 

capacity all need to be taken into account. These properties all have different kind of requirements; 

for example the resistance should of course be as low as possible while the displacement needs to 

have a certain value depending on the weight of the yacht as well as the amount of deadweight 

carried. Therefore the development of the hull shape needs to be a somewhat iterative process, 

originating in some shape based on fundamental characteristics that is refined further as the various 

properties with their respective importance and constraints are taken into consideration. 

2.1 Initial considerations and fairing of the hull shape 
For the development of the Q380 hull the initial shape was formed from three very fundamental 

properties; length over all, breadth overall and displacement. Since it was stated in the task to 

develop a 38 foot yacht the length was set to 11.58m. A study of existing designs as well as statistics 

from the PoYD then provided a breadth of 3.5m and a displacement of 5500kg. The CAD-software 

Rhino3 was then used to realize a hull shape that met these requirements.  

Rhino is a very useful software for shaping complex surface geometry and some work was done at 

this stage to “fair” the hull shape. Also from statistics and the experience of Mr. Eliasson came a 

desired value of the prismatic coefficient, CP of 0.56. The fairing work was set to achieve this value as 

well as a smooth underwater body shape.  

2.2 Hydrodynamic evaluation method 
In order to evaluate the hydrodynamic behaviour of the hull shape, a potential flow calculation was 

set up in the CFD-software SHIPFLOW4. This software has the ability to perform extensive analysis of 

both viscous- and potential resistance characteristics; however the viscous resistance for yacht like 

shapes depend mainly on the interaction between appendages and the canoe body as well as the 

wetted surface. These properties are constrained by other considerations, such as the required 

stability, and cannot be altered greatly in the hull shaping process. Therefore it was decided to 

analyse the hull only with respect to the potential flow wave resistance. This analysis showed the 

need for some further fairing of primarily the bow of the hull. The bow shape has a large influence on 

the wave characteristics.  

2.3 Hull shape optimization 
In order to improve the hull shape further, an optimization was set up in the Friendship-systems 

software. This optimization takes an original hull shape and alters it in some way, evaluating the 

hydrodynamic characteristics of each new instance, bases the next hull shape variation on previous 

results and iterates its way to an optimum shape for the stated property. For this optimization a 

“Lackenby shift” was used meaning that the hull shape variations are built on changes in Cp and 

longitudinal centre of buoyancy LCB. The evaluated property is “wave resistance coefficient from a 

transverse wave cut”, CWtwc. The search algorithm used was a genetic algorithm known as NSGA-II 

which  incorporates an evolution comparable a searching process that varies the hull stochastically 

into a population set, in this case of eight instances, and evaluates the sought property of each 

                                                           
3
 Rhino3d, 4

th
 Version, Rhinoceros 

4
 Shipflow, Flowtech International AB 
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instance. Based on the results for this population set a new generation is then created, in this case 

twelve generations were used. The optimization process converged to an improved hull shape, as can 

be seen in Figure 2, which was then extracted from the software and re-implemented into the Rhino 

model. 

In order to evaluate this improved hull shape for a heeled condition, which is a quite important 

condition for a sailing yacht; five hull instances from the optimization process were evaluated using 

SHIPFLOW. The result showed that the chosen hull shape had acceptable characteristics also in a 

heeled condition, see Figure 4. 

 

Figure 1. Optimization software workspace showing wavy surface contours as well as the submerged sectional area 
curve, which is the basis for the Lackenby shift functions. 
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Figure 2. . Convergence analysis of optimization process with hull shape variation number on x-axis. 

 

Figure 3. Comparison of wave pattern between the hull shape prior to optimization (top) and the chosen hull shape 
(bottom). 
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Figure 4. Wave pattern of chosen hull shape in heeled condition with leeway angle. 

 

Figure 5. Wave resistance coefficient of five hull shapes in heeled condition. Nr 5 is the chosen hull shape 
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3 The general arrangement and deck layout 

3.1 General arrangement 
The goal of an innovative general arrangement was not met and the reason for this is that the one 

traditionally used in sailing yachts is close to perfect due to the limitation of available space together 

with limitations from the ability to perform well in racing and being convenient to live in during 

sailing. The possibility to make something innovative is limited to the use of new materials and to 

create some smart installations to create more room for stowing.  

The yacht is created with the box methodology in the software Rhino, first the different parts were 

created as boxes with a minimum required size and then the items were created to fit those boxes. 

When all boxes were fitted they could be made larger where it was possible. Then the final design of 

the different parts was made. 

Most of the furniture, including shelves, wardrobes and doors are made of fibre glass sandwich 

panels and for more information about the bulkheads; refer to Chapter 7. 

 

 

Figure 6. General arrangement. 

 

3.1.1 Forepeak 

The most forward part is mainly used for stowing, accessible from the deck. It should be available to 

stove spinnaker/gennaker together with the anchor and furling system. It is placed here to make the 

deck area free of obstructions and also for the possibility to bring the genoa further down giving less 

distance between the deck and sail, minimizing air slip. The bulkhead dividing the forepeak with the 

forward cabin is watertight according to the ISO-rules. 
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3.1.2 Forward cabin 

When designing the forward cabin the main two considerations were good space and stowing 

capacity. The forward berth is wide and longitudinal oriented and has the possibility to accommodate 

two persons. Since it is placed where the most motion occurs during sailing this berth is mainly 

intended during harbour visits. There are stowing capacities under the berth and in the two closets 

on port and starboard side, where one contains drawers. Between the forward cabin and the saloon 

exists a structural bulkhead containing the entrance door. 

3.1.3 Saloon 

The idea behind the saloon is that it should be an open plan with good and practical solutions for 

both stowing and social interaction. There are two sofas located on both port and starboard side 

facing each other with stowing opportunities underneath. The backrest on the sofa is mounted so 

that it can rotate around its top edge, this makes the sofas cushion able to continue into/under the 

backrest and makes them wide enough to be used as a comfortable single bed. Overhead the sofas 

are drawers which further increase the stowing capacity of the yacht. The table is folding, allowing 

for more space in the saloon when not used.  

3.1.4 Galley 

The galley is small but large enough for doing the duties associated with it, with 0.9 x 0.9 meters of 

working area. There is a stove, CU433 MoonLight from Domentic5 mounted to be operable during 

heel. One alternative is to have a refrigerator driven by a liquefied petroleum gas system. Another 

option is to have a refrigerator from OZEcoDrive that is integrated with the propulsion system. The 

disadvantages with this are that it does not have the same efficiency and might not be powerful 

enough for longer trips. There are lockers above the stove as well as stowing possibilities in the 

bench going from portside to the centre of the yacht and drawers beside the stove. The height of the 

bench is 0.9 meters which is ergonomic for the person working there.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

3.1.5 Head 

The yacht has one head which is spacious enough, 1.4 x 0.75 meters with a manually operated toilet 

from Lavac6 and an integrated shower with a separated nozzle piece. The sink is located 0.85 meter 

above the floor with shelves located over it for storing. 

3.1.6 Aft cabin 

The aft cabin is spacious and has a bulkhead with a door for privacy reasons. One is able to stand and 

rotate in the space in front of the bed sole; the area is 1 x 0.7 meters. The aft cabin bed is 

transversely oriented giving the possibility to accommodate two persons, even during heeled 

condition. There are stowage possibilities both under and on top of the bed and in the drawer. The 

layout of the deck gives good spaces around the bed and the possibilities to sit straight up on the 

bed. 

                                                           
5
 CU433 MoonLight (Domentic) 

http://www.dometic.com/sv/Europe/Sweden/Produkter/Fritidsbatsutrustning/Gasolspisar/Produkter/?produc
tdataid=95735 (available on 2011-12-01), see also attached CD 
6
 Lavac marine toilets, the data sheet can be found on the attached CD. 

http://www.dometic.com/sv/Europe/Sweden/Produkter/Fritidsbatsutrustning/Gasolspisar/Produkter/?productdataid=95735
http://www.dometic.com/sv/Europe/Sweden/Produkter/Fritidsbatsutrustning/Gasolspisar/Produkter/?productdataid=95735
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3.1.7 Placement of accessories 

The batteries are placed between the floors close to the centreline, installing them here gives an 

advantage by lowering centre of gravity and a good balance with the disadvantage that the floor has 

to be raised a few centimetres than what should have been necessary otherwise. Another advantage 

with this installation is that a design that allows heavy items to be placed close to the centre of 

gravity will give a lowered motion resistance in waves. 

Since this yacht is installed with an electrical engine there is an extra space available under the stairs 

which is a suitable place to install the lavatory tank where normally a large diesel engine is fitted. 

There is enough room to fit a 100 litres tank with the bottom above the waterline so it is possible to 

empty the black water when sailing outside environmental protected waters.  

3.2 Deck layout 
The Q380 is designed to fulfil the requirements of a performance cruiser with emphasis on 

performance. With a five person racing crew on board the layout must be open and simple to allow 

rapid movements and change of positions. Ropes and sheets should be easy to handle and there 

should be no obstacles for the working crew. As a cruiser the deck and cockpit must have 

comfortable seating and laying down positions and the yacht should be able to be sailed by only one 

or two persons. 

 

 

 

Figure 7. Deck Layout 
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The cockpit is large and open towards the aft with benches long enough to lie down on.  The cockpit 

floor was designed to the lowest position allowed by the aft peak followed by the freeboard and deck 

height in the aft to give the helmsman a comfortable seating position. The helmsman sits behind the 

backrest further out than other crew members to get a clear sight forward. A 1.5 meter diameter 

wheel is used to steer the yacht. An alternative would be to have two steering wheels but due the 

risk of loss of feel for the yacht, when two wheels are synchronized and making the steering less 

direct, one big wheel was chosen instead. The wheel and the mainsheet traveller are placed closely 

together so the helmsman can manage to control both without difficulties.  

One design criteria was to have as low freeboard and deck roof as possible to give the yacht a sporty 

look. To fulfil these criteria a backrest had to be designed that stretches above the deck height to 

make the benches comfortable to sit on. Due to the narrow breadth of the yacht the leeward bench 

can be used for support when sitting on the windward bench when the yacht is heeling. On the 

starboard side the bench contains hatches to the cockpit stowage space and wet locker.  There is also 

a wet locker at the port side in the aft.  

The Q380 has only one winch on each side for the jib and genoa, both self-tailing. This is to reduce 

the number of obstacles for a racing crew and also to make a more comfortable cockpit for a cruising 

family. The open cockpit still allows the helmsman to control the wheel, mainsheet and jib sheet at 

the same time with some skill. The mainsheet system consists of a traveller, a track and two triple 

blocks resulting in a gear ratio of one to six. The sheet is locked by a cleat on the lower block. This 

system is often used in racing yachts since it is simple to control and easy to fix if something brakes. 

Two smaller standard winches are placed on top of the deck roof to manage halyards, trimming 

ropes and spinnaker sheets. Halyards and trimming ropes are locked by cleats just in front of the 

winches. The spinnaker is also controlled by two tweekers on each side of the deck roof. There is one 

foresail track on each side of the deck roof which gives a foresail sheeting angle between 8° and 11°. 

 To maintain a low total weight and to keep the yacht environmental friendly no teak laminates are 

used in the deck or the cockpit. The deck material is glass reinforced plastic. Pulpit and manrope 

holders are in aluminium. The skylights and port lights can be opened to provide good ventilation. 

An innovative solution on the deck is the folding manrope that reduces the irritating problem with 

the manrope stations obstructing the foresail. The stations and the corresponding wire are meant to 

be able to fold down between two lists running alongside the deck. These lists will then shelter the 

manrope equipment as well as prevent it from entangling the foresail sheets and leach. Further it is 

quite common that the manrope stations breaks due to thoughtless usage as bear off handles, if 

used only when needed this system will prevent such breakage.  
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4 Appendages 
In the following Chapter a closer look on the appendages will be taken. First the development of the 

keel design will be presented. Thereafter calculations for the rudder will be shown to get a better 

understanding of how the rudder was designed. 

4.1 Keel 
The keel is chosen on the basis of the results of the master thesis Investigation of Keel Bulbs for 

Sailing Yachts written by Björn Axfors and Hanna Tunander7. They have investigated the 

hydrodynamic performance of four different keel designs; a fin keel, an integrated L-bulb keel, an L-

bulb keel and a T-bulb keel. They carried out the investigation by using RANS, CFD and experimental 

tests in wind tunnel. The keel with the best hydrodynamic performance was the fin keel but with 

regard to stability the best is the T-bulb keel and it is therefore chosen as the keel for the Q380. 

4.1.1 The Fin 

In order to fit the chosen T-bulb keel to the Q380 it had to be resized. Due to the requirements on 

shallow draft, 2.1 m, the keel had to be shortened. This in turn meant that the keel had to be 

extended in the longitudinal direction in order to maintain the required planform area. To keep the 

correct profile, the keel was also scaled in the transverse direction.  

 

Figure 8. Scaling directions 

The planform is defined as the side area of the fin. In mathematical terms this is expressed as the 

mean chord multiplied with the fin depth.  

              (1) 

  
     

 
       (2) 

 

Statistics presented in PoYD shows that a good average of the planform area is between 2.75% and 

4.35% of the sail area.  On the one hand, it is important to keep the keel area big enough to make the 

hydrodynamic forces balance the side forces from the sail, even at low speeds.  On the other hand, it 

is desirable to minimize the wetted surface to avoid unnecessary drag. The Q380 has a fairly large 

rudder and it is assumed that this will help to relieve the keel of the side forces from the sail to some 

extent. Thus, the keel to sail area ratio can be held at the lower side of the “good average”, around 

2.8 %. 

                                                           
7
 Björn Axfors and Hanna Tunander (2010) Investigation of Keel Bulbs for Sailing Yachts, MSc Thesis, Chalmers 

University of Technology, Department of Shipping and Marine Technology 
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In Chapter 6 of PoYD it is shown that it is optimal with an elliptical lift force distribution. Since such 

type of distribution will minimize the amount of lost vortical energy.  The most practical way to 

obtain an elliptic distribution is to make the planform shape trapezoidal. In order to evaluate this 

form, two parameters are calculated. 

 

Figure 9. Planform area. 

Aspect ratio:     
    

 
      (3) 

 

Taper ratio:     
  

  
      

(4) 

 

With these two parameters it is possible to compare the trapezoidal fin with the optimal elliptic 

shape. This is done by looking at the Fig 6.9 in PoYD where the drag increase is plotted as a function 

of the taper ratio and aspect ratio.  The drag increase for the bare fin is between one and two per 

cent. Restrictions on draught and required planform area allow no possibilities to change the aspect 

area. Left to be changed is the taper ratio. However, due to the addition of a bulb the flow around 

the fin will change and the taper ratio will have less or no impact. In addition, looking at the 

resistance overall the penalty is considered as a rather small increase in drag. The planform is as 

close to the optimal shape we can get with the use of the basic formulas used. To evaluate the 

resistance in detail more advanced methods are needed.  

 

Figure 10. Increase in induced drag due to non-optimum taper ratio 
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4.1.2 The bulb 

The addition of a bulb to the fin will increase the wetted surface and, to some extent, drag will also 

be created in the corners between the bulb and the keel. However, the benefit from moving the 

centre of gravity downwards and thus increase the stability is greater. As a result of the increase in 

stability it is possible to carry more sail and by that compensate for the previously mentioned 

increase in drag due to the increased wetted surface.   

As an initial estimation the weight of the ballast was set to 2500 kg which is about 45% of the light 

weight displacement.  This is a ratio recommended in PoYD.  

There is one more thing to be written about the bulb. In order to make space for the innovative 

propulsion system of the Q380 the beavertail has been reshaped, more about this in Chapter 8.  

4.1.3 Structure 

A structure inspired from The yacht design project 20098 has been used to move the centre of gravity 

of the keel as low as possible. The idea is that the keel is attached to a beam with a rectangular cross 

section which in turn is attached to a keel plate which is bolted to the yacht with six keel bolts.  The 

beam is then dressed with panels of GRP to obtain the correct NACA profile.  The beam has been 

dimensioned with the help of a FEM analysis in Autodesk inventor. This resulted in a cross section 

thickness of five millimetres. The load cases are when the yacht is heeled 90 degrees and when the 

yacht is grounded at a speed of 8 knots.  

 

 

 

 

 

 

 

 

 

 

 

 

  

                                                           
8
 Andersson, G, et. Al (2009) Maxi 1150 GT, Chalmers University of Technology, Department of Shipping and 

Marine Technology 

Figure 11. Displacement Heeled, max 2.3 mm 

Figure 12. Von Mises Stress Heeled, max 118 MPa. 
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4.1.4 Comments on the keel 

After rescaling the chosen keel, the basic parameters have been compared with statistics presented 

in PoYD to confirm reasonable results. However, to fully be able to calculate the resistance a more 

extensive analysis has to be made preferably with CFD software. Due to time limits this is not 

covered in this project. 

The intention is to make the Q380 a performance cruiser. Therefore, to be able to cruise with the 

yacht in the archipelago there has to be restrictions on the draught, 2.1 m in this case.  This influence 

the keel shape which, if the yacht were a pure racer, would have had a much deeper draft with 

better hydrodynamic properties as a result.  To increase the performance of the yacht some features 

has been added; such a thing is the T-bulb which has a better performance than for example the L-

bulb according to the above mentioned master thesis by Axfors and Tunander. 

4.2 Rudder 
The yacht is fitted with a large rudder to create good performance in slow speed. This is needed 

because the propeller installation does not create enough flush over it. The large rudder has one 

disadvantage and it is the resistance from the skin friction, but there are also some advantages with a 

large rudder, namely that it will contribute to the lift force needed when close hauled.   

4.2.1 Rudder calculations  

Emphasis is on trying to achieve two things, large enough planform area and as close to an elliptic 

force distribution as possible. There are constraints by the maximum allowed depth of 2.1m which 

gives a maximum length of the rudder blade of 2.04m. The planform area should lie within 1-2% of 

the sail area with many existing designs gathering around 1.4%. The Q380 will carry quite large sail 

area for its size and keel depth, however it is possible to, through careful design of the rudder, aid 

the keel arrangement in providing sufficient hydrodynamic lift. Therefore a planform area of 1.6% of 

the sail area will be targeted. Further, a NACA four digit series section will be used due to its very 

good stall characteristic which is crucial to be able to guarantee steering momentum in all relevant 

speeds and rudder angles. 

 

 

Figure 13. Von Mieses Stress Grounding, max 342 Mpa. 
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The planform area will then be  

                    (5) 

 

And therefore the average chord length is given as  

    
  

 
 

     

    
       (6) 

 

It is stated in PoYD that the optimum practical taper ratio for a trapezoidal rudder shape at zero 

sweep angle is about 0.45 which gives an upper chord length of 

   
   

    
 

      

      
        (7) 

 

And the lower cord length follows as 

                           (8) 

 

The sweep angle is chosen to zero due to the benefits of equal loading over the depth of the rudder 

for different angles of attack as well as simplicity in manufacturing, installing and calculation. 

The next section will treat dimensioning of the rudder stock. Required input is maximum bending 

moment, which will occur at the hull skin bearing, as well as material characteristics. The bending 

moment will be derived from the hydrodynamic forces acting on the rudder as a result of drag and 

lift for an extreme case of steering in 10kn of speed and a lift coefficient of 1.5. The calculations will 

be carried out using the formulas in PoYD Figure 6.5.  

The lift coefficient is given as 

   
     

  
 
  

   (9) 

 

where        ,                                   ,  

   
 

  
   

    

    
        (10) 

 

Hence 

        

The drag coefficient is given by 

    
  

 

    
 

     

      
      (11) 
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Following are the lift and drag forces according to 

           
    (12) 

         
    (13) 

 

Where         

       
    

    
         (14) 

Hence 

         

         

The force resultant will be an orthogonal combination of these two forces, Pythagoras theorem gives 

   √  
            (15) 

 

This will then be the dimensioning force on the rudder acting in the geometrical centre of the 

planform area which is found by analysis in CAD software to be, 

          

          

where the origin is at the forward upper tip of the rudder blade. The y-coordinate will represent the 

bending moment arm and combined with the resultant force it gives the resulting bending moment 

                       (16) 

 

The maximum stress in a beam subjected to bending may be found according to engineering beam 

theory as  

  
  

 
 (17) 

 

Where sigma is the tensile strength of the material, M the bending moment, z is a coordinate to the 

point of interest and I the moment of inertia for the specified cross section. 

For a carbon fibre rudder stock of solid circular cross section we get from the ISO 12215-5 standard 

         (18) 

  
   

 
 (19) 
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Since we are trying to find the radius and thus the point of interest is on the skin we make the 

following algebraic manipulation 

  
  

   

 

   
  

   
   √

  

  

 

 (20) 

 

And find the radius as 

               (21) 

 

The bending moment 

   
   

   
        (22) 

 

The rotating moment. 

                    (23) 

 

The shear stress 

   
   

 
 

   
 

   

    
      (24) 

 

Von Mises stress 

       
     

  
 
            (25) 

 

This is small enough to leave space for free design of the section shape of the rudder blade. However 

this has not taken fatigue or stress concentrations due to manufacturing imperfections into account. 

It is also unnecessarily thin and from a weight perspective it might be better to use a thin walled 

cross section.  

So, for a thin walled circular cross section 

       (26) 

 

which leads to 

  √
 

   
       (27) 

 

with a wall thickness of 5mm. This is also small, hence the conclusion is that a carbon fibre rudder 
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stock may be designed using these values as lower constraint with full respect paid to design criteria 

of rudder blade. 

 

For aluminium the respective values are 

              (28) 

                  (29) 

 

which might be acceptable in the solid case, but not for the thin walled case. 
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5 The sail & rig design 

5.1 Rig design 
The requirements of the rig design were that it should be relatively easy to handle and it should have 

good trimming possibilities. Relatively easy to handle means that the yacht is designed for a 

customer that is an experienced sailor, who might race from time to time, but also wants to be able 

to have a nice vacation without having a hard time sailing the yacht.  

With this in mind a fractional rig is a good choice which enhances the trimming possibilities 

compared to a masthead rig. The group also found a fractional rig to be better looking or at least that 

it gives a racier look to the yacht. Then there is the choice of how fractional the rig should be. The ¾ 

fractional rig require runners that would need more work to handle, while a 7/8 rig combined with 

swept spreaders would allow a larger fore sail without the need of runners. Therefore the latter 

option is also the one most suitable for the Q380.  

By stepping the mast to the keel the required moment of inertia of the lower part of the mast is 

reduced by 35%. This lower part is also the dimensioning part since all the forces on the mast has to 

eventually be taken up by this part. Furthermore a keel stepped mast results in a smaller cross 

section which gives better mainsail efficiency because the turbulent flow behind the mast is less 

extensive. On the downside there is a larger risk of heat and water leakage and the mast is a bit more 

difficult to trim lengthwise.  

5.2 Dimensioning 
In order to have some reference values an extensive market survey was made. Since the Q380 is 

supposed to be a performance cruiser the most relevant competitors were yachts in the upper 

segment. After taking a mean value of these yachts sail measurement, parameters such as J, I, E and 

P9 were obtained. These parameters only worked as starting values and reference values. These were 

then refined to fit the Q380 and can be seen in Figure 14 and 15. 

For the calculations of the rig dimensions, a method from NBS described in PoYD was used. NBS is 

one of the few yacht standards that take the rig into consideration. Here it is stated that the 

dimensioning righting moment to be used is at a heeling angle of 30°. In addition to this, six persons 

sitting on the edge of the yacht was included. The righting moment was calculated using Orca 3D 

which is a hydrostatic evaluation software plugin to Rhino and with the additional crew it ended up 

at a value of 43 kN. 

5.3 Materials 
When considering the materials to be used it is primarily the weight that is analysed. How much 

weight can we gain from using carbon fibre instead of aluminium? According to Seldén AB10 it is 

possible to reduce the weight of the mast and boom by 30-40% with carbon fibre compared to 

aluminium. Of course there is a large difference in price, but put in perspective it is still a quite small 

part of the total cost of the yacht. Also with a carbon fibre mast the longitudinal stiffness can be 

increased a lot without having to add weight. This means that the forestay tension can be higher 

which results in better performance. 

                                                           
9
 See Abbreviations &Definitions 

10
 Seldén AB, see for product catalogue: http://www.seldenmast.se/firstpage.cfm (available 2011-12-01) 

http://www.seldenmast.se/firstpage.cfm
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As for the shrouds and stays no carbon fibre is to be used.  Instead the shrouds are to be Nitronic 50 

Coil rod11 since this gives good elastic stiffness at lower weight than the wire. For the stays however a 

Dyform wire12 will be used since these have higher breaking strength than the ordinary wire but not 

as stiff as the rod. The reason for using wire for the stays and not rod is that if for example trimming 

the backstay hard with a rod there is a risk that the yacht structure bends unless the yacht is made 

stiffer, and a stiffer yacht would mean a heavier yacht.  

 

5.4 Shroud and stay dimensioning 
For the dimensioning of the shrouds two load cases were analysed where the largest forces became 

the dimensioning forces. Case 1 was with only a foresail hoisted where the whole force acted where 

the forestay attaches to the mast. Case 2 was with a 60% reefed mainsail where the loads were 

distributed between the spreaders and the boom.  

 

 

Required 
strength 

[kN] 
Material 

Diameter 
[mm] 

Breaking 
strength 

[kN] 

Weight 
[kg/m] 

Length 
Total 

weight 

Shrouds 
       V1 68.3 Rod 8.4 77.9 0.4 5.0 2.2 

D1 34.8 Rod 5.7 36.5 0.2 5.3 1.1 

V2 35.7 Rod 5.7 36.5 0.2 5.0 1.0 

D2 22.9 Rod 5.0 28.1 0.2 5.3 0.8 

D3 1.5 Rod 4.4 20.9 0.1 6.4 0.8 

        Stays 
       Aftstay 19.2 Wire Dyform 5.0 23.9 0.1 20.0 2.7 

Forestay 37.3 Wire Dyform 7.0 48.2 0.3 16.8 4.4 
Table 2. Shrouds and stays dimensions.  

 

5.5 Mast dimensioning 
With the dimensioning loads worked out, required moments of inertia Ix and Iy of the mast profile 
could be calculated. When doing the analysis it was first thought that three spreaders would give a 
lighter rig, and if the mast could be custom made it would have. But as the masts considered were 
from Seldén AB the mast dimension ended up to be the same with three spreaders as with two since 
even though the design with three spreaders had a lower required moment of inertia, it was still in 
between the same two mast dimensions as with two spreaders. Because of this the two spreader rig 
was considered to be the better one because it would mean less disturbance of the wind inflow and 
required less work when rigging the yacht. 
 
 
 
 

                                                           
11

 See catalogue from Navtec for further information (attached CD). 
12

 See Navtec catalogue 
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Mast 

Required 
EIx 

[GNmm2] 

Required 
EIy 

[GNmm2] 
Mast profile 

Measurements 
[mm] 

EIx 
[GNmm2] 

EIy 
[GNmm2] 

Wall 
thickness 

[mm] 

Weight 
[kg/m] 

159 595 CC192-42 196/103 235 644 4.2 3.1 
Table 3. Mast dimension. 

According to NBS the mast top could be thinner because of a lower required moment of inertia. 

Mast top 

Required 
Wx [cm3] 

Required 
Wy [cm3] 

Mast profile 
Measurements 

[mm] 
Wx 

[cm3] 
Wy 

[cm3] 

Wall 
thickness 

[mm] 

Weight 
[kg/m] 

25 3.2 CC154-30 157/87 30 40 3 1.8 
Table 4. Mast top dimension.
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Figure 14. Rig design, aft view. Figure 15. Rig design, side view.  
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5.6 Mast positioning 
Traditionally the mast is positioned so that it interacts well with the keel. This is the case with the 

Q380 as well except for that in this case the mast could be positioned first. Normally the keel more or 

less has to be placed at a certain place because of the weight distribution. In this case however, the 

freedom to place the batteries where they contribute most to a good weight distribution and the fact 

that the engine is in the bulb, makes it possible to position the mast so that the preferred sail set can 

be used, and then position the keel and batteries. Also the biplane effect created from the large 

rudder results in a lead that can be smaller, in this case 0.8% of LWL. So the keel stepped mast is 

positioned 5.24 m aft of the bow.  

5.7 Boom and bowsprit 
The length of the boom was mainly restricted by the aft stay. To further dimension the boom some 

calculations had to be made. This was done according to the NBS where a required section modulus 

of the gooseneck of the boom was the result. With this required section modulus in mind the 

following boom was chosen from the Seldén AB product catalogue13.  

 

Boom 

Required 
Wx [cm3] 

Required 
Wy [cm3] 

Boom profile 
Measurements 

[mm] 
Wx 

[cm3] 
Wy 

[cm3] 

Wall 
thickness 

[mm] 

Weight 
[kg/m] 

1.9 3.8 BC154-30 158/87 30 50 3 2.1 
Table 5. Boom dimension. 

 
For the downwind sails a gennaker bowsprit is to be used to get the gennaker and spinnaker further 

out from the deck to get a more undisturbed wind flow. This is to be bolted on the deck with two 

supports. With a righting moment at 30° of heel and an unsupported length of about 700 mm the 

bowsprit diameter needs to be 88/88 mm. 

5.8 Sails material 
As for the material in the sails there are various types nowadays for different purposes. There are 

pros and cons for all of them. For the Q380 a material that performs well without costing too much 

or being too difficult to handle is to prefer. With this in mind the material polyethylene naphthalate 

was found to be suitable. The more commonly used trade name is PENTEX which is a kind of 

polyester fibre that only stretches 40% as much as standard PET fibres. However it cannot be woven 

as tightly as the PET fibres since it only shrinks about a third as much as a good PET. Therefore the 

woven PEN must be impregnated with resin making the sails prone to damage from improper use 

and handling. The PEN fibres are laid straight for strength and are bonded to sheets of film for 

stability. The film is preferably a PET film called Mylar. This laminate will give an economical high 

performance sail.14  

                                                           
13

 Seldén AB, see for product catalogue: http://www.seldenmast.se/firstpage.cfm (available 2011-12-01) 
14

 Anders Sjögren (2010) SSJO 530 Manufacturing of yachts, lecture slides from 2010-11-22 

http://www.seldenmast.se/firstpage.cfm
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5.9 Sail sets 
As mentioned earlier the sail area was first chosen as a mean value of the sail area of yachts in the 

same market segment as the Q380. This has then been altered a bit to better suit the Q380 and 

ended up at 83 m2 where the main sail triangle is 41 m2 and the fore triangle is 42 m2. The fore sail is 

a 110% genoa which makes the total fore sail area 46 m2. The genoa is dimensioned so that it does 

not interfere with the shrouds.  

As for the downwind sail set a pure downwind asymmetric spinnaker for wind speeds between 18 

and 35 knots and a gennaker that can manage smaller angles and lower wind speed are chosen. The 

area of the spinnaker is 137 m2 and the gennaker has an area of 123 m2. These sails are North sails 

products and are called V-series Spinnaker A4 and G-series Gennaker G215. For the upwind sail 

condition with no heel the sail area over wetted surface fraction is 2.5 which is a value that definitely 

implies that the yacht is a high performance yacht. A typical value of this fraction for very high 

performance yachts is around 3. 
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 North Sails, 
http://www.na.northsails.com/SAILS/DownwindSails/tabid/22065/Default.aspx (available on 2011-12-01) 

Figure 16. Sailplane drawing with spinnaker. 

http://www.na.northsails.com/SAILS/DownwindSails/tabid/22065/Default.aspx
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5.10 Chain plate lug and rigging screw 
There is no specific guidance regarding chain plate dimensions. Generally, the breaking strength of 

the shrouds and stays are dimensioning and a safety factor of 1.5 is to be used. Furthermore a 

suitable chain plate lug can be chosen from a manufacturer given the shroud diameter and its 

breaking strength. The whole idea with the chain plate and the other components connecting the 

shrouds to the hull is that these components should be strong enough so that if something breaks it 

should be the shroud or stay. 
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6 Balance 
The term balance in a yachting context refers to course stability of the yacht when subjected to 

sailing conditions. It is derived mainly from the interaction of the sail area and the properties of the 

underwater body. These two entities work together to provide the yacht with a driving force as well 

as keep it on course. Intuitively one might assume that balancing the yacht is simply a matter of 

aligning the centres of effort of these two areas, however due to the complexity of flow 

characteristics of the underwater body as well as the change in position of centre of effort due to 

heel, there is no straight forward analytical method of assessing the balance. Instead this is done 

using empirical relations and statistical data from successful designs. A useful method as well as the 

underlying theory and practical rules of thumb are given in Chapter 8 of PoYD. 

For the balance of the Q380 a somewhat unorthodox method has been utilized. Due to the relatively 

large rudder- to keel area ratio and the ambition to use the rudder as a lifting surface to aid the keel, 

which is small in relation to the sail area (see keel design paragraph), the commonly used method 

does not apply fully. Instead a derivation of the geometrical centre of effort of the underwater body 

of an existing design, the YD-40 which was balanced using the method in PoYD, has been carried out 

and used to provide the Q380 with a desired geometrical centre of effort of the underwater body 

proportional to the water line length. This was then combined with the rudder to keel area ratio to 

determine the appropriate position of the keel. This results in a lead of 0.8% according to the 

traditional method, which is small. A small lead will give a stronger windward helm than what is 

normal and therefore enable the rudder to take more of the hydrodynamic lift forces, in accordance 

with the design ambition.  

Abbreviations: 
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Figure 17. Plan of sail triangles and underwater body interaction 

Calculations have been carried out as follows: 

For the YD-40 the following data was acquired from PoYD.  

           (30) 

           (31) 

           (32) 

 

The geometrical centre of effort for the YD-40 is then given by: 

   
        

        
                         (33) 
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Where the 0.4 factor compensates for less lift generation of the rudder due to flow disturbances 

originating at the keel. The lead for the YD-40 was assumed, if the YD-40 would be equipped with a 

partial rig arrangement, to be 3% of LWL as this was the chosen target lead according to the 

traditional method for the Q380 and the distance from the centre of effort of the sail area to the 

geometrical centre of effort of the underwater body becomes 3+6.86=9.86% of LWL. Hence: 

                                (34) 

 

For the Q380 development and placement of the rudder gave: 

           (35) 

          (36) 

        (37) 

 

The placement of the keel is then given as: 

     (  
     

  
)         (38) 

 

And consequentially the lead, according to the traditional method, follows as: 

     
         

   
      (39) 
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7 Structural design 
In this Chapter the structural design will be discussed. This includes material, scantling arrangement, 

stiffening members and bulkheads. The yacht structure is designed to fulfil the ISO standards and the 

NBS so an example of calculating a panel will be given. Complete calculations of the panels and 

stiffening members can be found on the attached CD. 

7.1 Scantlings 

7.1.1 Material 

The scantling calculations were carried out by using the equations for sandwich construction for the 

panels of hull, deck and bulkheads. This is due to the advantage of sandwich construction compared 

to single skin constructions or plywood bulkheads regarding strength and weight. 

The used fibres are multi-directional E-glass fibres which have a good performance in different load 

directions. Using vacuum infusion the glass fibre content by mass ψf is 0.6 (see ISO 12215-5, Annex 

C). For the matrix vinyl ester was chosen. The global material parameters used for the calculation of 

the panels can be found in Table 6. It was assumed that the material has been verified by tests. 

Calculations according to ISO 12215-5 with a core density of          for the hull and a core 

density of 72       for the deck fulfilled the requirements. The chosen PVC foam Divinycell H 

(DIAB)16, with a density of         and          for hull and deck respectively will therefore easy 

fulfil the requirements. 

It was decided to have a constant panel thickness all over the hull to simplify manufacturing. For the 

reinforced areas single skin was used for calculating the requirements according to ISO 12215-6. 

Parameters Values Unit Description 
σut 277 N/mm² ultimate tensile strength 

σuc 162 N/mm² ultimate compressive strength 

E 17800 N/mm² in plane modulus 

σuf 288 N/mm² ultimate flexural strength 

τu 86 N/mm² ultimate in plane shear strength 

G 3260 N/mm² in plane shear modulus 

k5 0.9 - fibre type factor 

ψf 0.6 - glass fibre content by mass 

wd 1800 kg/m³ density of GRP 

Design stresses 

σdt 138.5 N/mm² design stress outer skin 

σdc 81 N/mm² design stress inner skin 

τd 0.748 N/mm² design shear stress of sandwich core for 90 kg/m³ 

Ec 17800 N/mm² compressive E modulus of inner skin 

Gc 3260 N/mm² core shear modulus parallel to load direction 

Table 6.  Global material parameters   

                                                           
16

 The data sheet can be found on the attached CD. 
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7.1.2 Structural arrangement 

As can be seen in the picture the yacht is divided into longitudinal and transverse sections which are 

given by the arrangement of stringers, bulkheads and stiffeners. The position and the dimensions of 

the bulkheads and stiffeners are constrained by the general arrangement. 

 

 

Figure 18. The structural arrangement. 

 

In Table 7 the global parameters of the hull used for the scantling calculations can be found. 

Parameters Values Unit Description 
Design category A  for A=1, B=0.8, C=0.6, D=0.4 

kDC 1 - design category factor 

nCG 3 - dynamic load factor for sailing craft 

LH 11.508 m craft length 

mLDC 6500 kg (fully) loaded displacement mass 

LWL 11.11 m length of fully loaded waterline 

BH 3.565 m beam of the hull 

AD_s 0.300 m² Design area for stiffeners 

GZmax60 1.095 - maximum righting moment at heel <60° 

V 10 knots design speed 

Table 7. Global parameters of the hull. 
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7.1.3 Stringers 

The stringers were designed in two steps. First the panels at the hull with respect to two bilge 

stringers and one bottom stringer. After getting the result, which was way too conservative, the 

calculation was done with larger panels. From the result it was obvious, that a hull with just one bilge 

stringer (dark blue in Figure 18) and one bottom stringer (light blue in Figure 18) will fulfil the 

requirements as well.  

 

Figure 19. Simplified cross section of bilge stringer. 

The dimensions of the stiffeners can be seen in Table 8. For the calculation simplification of the 

stringer cross section has been used. For the dimensioning of the stringer cross section a proper 

guess was first made and this was then checked. 

Parameter Description Value 
t_f thickness top - bilge stringer 10 mm 

t_w thickness side - bilge stringer 6 mm 

t_f bottom flange - bilge stringer 8 mm 

F bottom flange width - bilge stringer 30 mm 

h height of stringer - bilge stringer 85 mm 

d net width of stiffening member - bilge stringer 70 mm 

b_e effective plating - bilge stringer 135 mm 

L Length - bilge stringer 11.5 m 

 Length - bottom stringer 8.97 m 

Table 8. Stringers 

After calculating the simplified stiffener, an improvement of the bottom stringer was made. The 

cross section was changed to a kind of triangle for a better fitting into the hull shape. A sketch of the 

second cross section can be seen in Figure 19. 

Note, that the effective plating of the stringer should not be more than the actual stiffening spacing 

according to ISO 12215-5. 
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7.1.4 Bulkheads 

As can be seen in Figure 18 two watertight bulkheads and four structural bulkheads are designed. 

Bulkhead 1, 3 and 4, counted from the bow, are structural bulkheads, while bulkhead 2, which is 

located in the middle of the saloon is more like a frame which was calculated like a stiffener to take 

the load from the shrouds and to divide the side window of the deckhouse into parts to prevent 

damage due to twisting forces.  

To fulfil the requirements, the bulkhead thickness has to be greater than a required thickness which 

is defined by ISO Standard no. 12215-5 in chapter 11.8.2. 

Here the thickness of the skin and the core must be 

      
  

 

 
    (40) 

   
  

 

 
 

  
 

  
     (41) 

 

where                   is the solid plywood thickness of the unstiffened bulkheads and 

          is the depth of the bulkhead from bottom of canoe body to deck at side (11.8.1). 

As can be seen above, the calculated values fulfil the requirements. On a practical point of view 

Sommerfeld Sandwich Panels17 where chosen. 

With these a conservative fulfilment of the requirements can be reached with a core thickness of  

       , plywood thickness of       for both sides and a core density of         . But the 

chosen sandwich panels are meant to be light so it is a good choice to make. 

For the watertight bulkheads the same equations as for the hull plates were taken. For the actual 

section modulus the figures in Annex D.3 of ISO standard 12215-5 for symmetrical sandwich can be 

used. The values can be found in Table 9. 

 Watertight Bulkhead 1 Watertight Bulkhead 2 

SMo req / SMo 0.06 / 0.3 0.046 / 0.3 
Ireq / I 0.089 / 0.347 0.074 / 0.347 
SMi req / SMi 0.102 / 0.3 0.079 / 0.3 
Table 9. Values of bulkheads 

After checking the required values against the actual values it was seen that the requirements were 

fulfilled. 

  

                                                           
17

 The Data Sheet can be found on the attached CD. 
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7.1.5 Plating 

The arrangement of the plates of the hull can be seen in Figure 20. 

 

Figure 20. Plate division of hull. 

The panel arrangement depends on the location of stiffening members on the hull. So in the first 

iteration step there were more panels but they heavily exceeded the requirements so it was possible 

to do the calculation with just two stringers, as stated in Chapter 7.1.3. 

7.1.6 Deck and Deckhouse 

The plates of the deck are arranged as can be seen in Figure 21. 

The requirements were checked for deck panel number 2d, which is the highest loaded panel. 

Therefore all other panels will fulfil the requirements as well. 

 

Figure 21. Plate division of deck.  
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7.1.7 Reinforced Areas 

To protect vulnerable areas against for example minor grounding forces the areas around the keel 

and the stem were checked separately. The minimum dry glass weight which has been calculated 

from ISO 12215-5 was checked with ISO standard 12215-6. 

                           
      (42) 

 

with      ,       √   ,        ,        . 

The required values where            and            for stem strake and keel strake, 

respectively. The requirements of this area could not be fulfilled. But this means no recalculation of 

the overall panel thickness. It will be sufficient just to increase the thickness in the keel and stem 

strake to achieve the minimum weight for single skin. The calculation of connections for winches and 

other smaller single laminates have to be treated separately. 

 

7.1.8 Example calculation of a panel 

For the calculation of the panels the ISO Standard no. 12215-5 was used. To show how the 

calculations were done, panel no. 2 will be calculated in the following. 

The used values can be seen in Table 7. First, the design pressure was calculated. Therefore some 

factors are needed. 

The longitudinal pressure distribution factor 

   
           

   

 

   
             (43) 

 

where      for 
 

   
     which is the position of the centre of the panel. 

The area pressure reduction factor 

    
           

    

  
          (44) 

 

where                =1.302 for bottom and side panels as in this example. Note that     

shall not be taken >1 and less than a minimum value which can be looked up in 7.5.3, Table 3 of the 

ISO standard 12215-5. 

The correcting factor for slamming for bottom panels is 

     (
              

   

    
    )

   

       (45) 

 

Note: if           
  but shall not be taken less than 1. 

The vertical pressure distribution factor 
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       (46) 

 

The pressure at the midpoint of the side panel gets 

    [                          ]                          (47) 

 

with 

                
                            (48) 

 

and not less than 

                 
                             . (49) 

 

The deck pressure  

                        (50) 

 

must not be less than 

                (51) 

 

and  

                 
                     (52) 

 

Now the thickness of the panel has to be calculated. There are different requirements depending on 

whether the panel is single skin or FRP sandwich plating. For this example a sandwich panel is 

checked with following requirements (ISO 12215-5, 10.5.3) 

        
     

        

         
              (53) 

        
     

        

         
              (54) 

      
     

        

             
              (55) 

 

            is the design stress of the outer skin and        √         
  is the design 

stress of the outer skin and not less than        . 

    is the mean of the inner and outer face moduli and can be taken from Annex C of ISO Standard 

12215-5. 

   [     ] is defined as the curvature correction factor and can be chosen from 10.1.3, table 6. It 

depends on the value of    . 
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Sandwich bending deflection factor:  

         (56) 

 

Panel aspect ratio for bending strength: 

   
      

 
 
       (

 
 
)       

 
 
 
        (

 
 
)       

       (57) 

 

Panel aspect ratio for bending stiffness: 

   
      

 
 
        (

 
 
)       

 
 
 
        (

 
 
)       

       (58) 

 

A good guess to start with is to set the thickness of inner skin of the panel        mm, thickness of 

outer skin         mm and a core thickness of         . 

With these values                             can be calculated, which should not be 

less than   √  
        

       
. Note:             for core with a density of   

  

  . 

The shear strength aspect ratio factor                  (
 

 
)        

 

 
    for 

 

 
   or can be 

taken from 10.5.4, table 12. 

The actual section modulus and moment of inertia can be calculated from Annex D.3. 

                  (59) 

                 (60) 

               (61) 

 

The design shear stress of the core of the sandwich has to be checked with a minimum design shear 

stress from 10.5.5 where                         for         . 

For the sandwich skin fibre mass a minimum defined in 10.5.6 has to be reached: 

                                         
  

  
 (62) 

                         
  

  
 (63) 

 

Note: For this panel      ,        and     . 

The actual fibre mass is calculated from Annex C.1.2 :           
  

   and          
  

  . 
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The calculated values are greater than the required values so the requirements from ISO Standard 

no. 12215-5 are fulfilled. Note that the thickness of the panels could have been even less and still 

fulfil the requirements which would have led to a decrease in weight. But on a robustness and 

tolerance point of view the values of        mm,         mm and          are reasonable. 

 

7.2 Floors and keel bolts 
The keel floors (red in Figure 18) have been dimensioned using the rules presented in the book PoYD. 

Two cases have been studied, in the first case the yacht is heeled over 90O and the keel is totally 

situated in air. The second case deals with the forces from grounding. 

7.2.1 Case 1. Yacht heeled 90 degrees 

  

After heeling the yacht 90 degrees it is possible to calculate the static moment around the keel bolts. 

The static moment is then multiplied with a safety factor between 4 and 6 to account for added 

loadings from dynamics.  Doing this the transverse keel moment Mkt is obtained. 

Transverse keel moment:  

                              (64) 

 

The keel bolt load is then calculated by dividing the moment with the distance between the keel 

bolts on the upper side to the keel-edge on the lower side. 

Total Keel bolt load 

    
   

      
         (65) 

 

Division by the number of keel bolts (nkb) gives the tension in each bolt. On the upper side the keel 

bolts experience tension, yield strength of the keel bolt material together with the bolt tension is 

used to calculate the required keel bolt diameter. 

Minimum keel bolt diameter 

    √(
   

    
)        (66) 

 

On the lower side where compression occurs the effective area between hull and keel has to be 

sufficient enough to withstand a pressure which is derived from the total load on the bolts. According 

to PoYD, it is reasonable to assume 25% of the keel/hull area as effective.  

Minimum Keel/Hull-Area: 
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     √
   

      
           (67) 

 

However, in this chapter the primary objective is the scantling of the keel floors. To determine the 

shape of the floors, the required sectional area has to be determined. This is done by dividing the 

transverse keel moment by the number of floors and the ultimate strength in tension for glass fibre 

reinforced plastic.  

Required sectional modulus for floors 

       
   

       
         (68) 

 

The above requirement is on the floors, where they cut the centre plane. It is enough if the floors 

have one half of this sectional modulus.  

7.2.2 Case 2. Forces from grounding 

When the yacht is subjected to grounding the yacht will be exposed to forces which are not treated 

in the first case. To calculate these forces is very complex but after some simplifications it is possible 

to do conservative approximations which are reasonably accurate. To start with, the impact force is 

calculated as the product of the displacement (m) multiplied with the retardation (ar) at fully loaded 

condition.  

Impact force: 

                  (69) 

 

By multiplying the force with the vertical distance, from the impact point to the top of the keel, the 

impact moment is obtained.  

Impact moment: 

                   (70) 

 

The reactions force will be largest in the aft most keel floor. To calculate the magnitude the impact 

moment is divided by the horizontal distance from the relevant floor to the impact point.  

Reaction force: 

   
   

  
         (71) 
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Figure 22.  Vertical and horizontal distance to impact point. 

The force distribution will mainly affect the bolts in the 25% area at the front of the keel plate. After 

deciding how many bolts that are situated in this area it is then possible to calculate the required 

tensile strength.  

Required tensile strength for the bolts in the 25% area: 

    
  

     
               (72) 

 

where    is the cross sectional bolt area.  

Finally, the required section modulus (SMfl) needs to be calculated by obtaining the floor bending 

moment and divide it by the ultimate strength for GRP.   

 

Figure 23. Top view of floors and mast foot floor 
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The floor bending moment is estimated as the reaction force multiplied with one quarter of the floor 

length of the aft most keel floor: 

    
     

 
           (73) 

 

And the section modulus is: 

      
   

   
         

 
(74) 

 

 

7.3 Mast foot floor 
As seen in the pictures the yacht has a keel stepped mast and an additional longitudinal floor was 

needed which together with the foremost keel floor creates a strong cross centred under the mast. 

To make the force distribution symmetric a transverse floor is added in front of the keel. The Mast 

foot floor is shown in green in Figure 18. 

 

Figure 24. Force distribution in strong cross 

The mast foot floor has to be dimensioned to withstand a force from the mast equal to the forces in 

the shrouds calculated in Chapter 5.4. Due to the geometry of the mast floor it is reasonable to 

assume that the mast floor is stiff and the forces from the mast will be balanced by the shear stresses 

in the cross sectional areas of the strong cross attachments. These areas has to be big enough not to 

exceed the materials allowable shear stress,  .  

      
     

 
          (75) 

           
      

   
         (76) 
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Figure 25. Mast foot floors cross sectional area 

The actual mast foot floor’s cross sectional area is 3360     which is well above the required. 
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8 Choice of machinery 
The choice of machinery was based on the targeted group of customers of the yacht. As the 

addressed customers were presumed to be primarily interested in sailing their yacht rather than 

going by engine together with an environmentally friendly thinking, the electrical propulsion system 

was investigated as an alternative to the traditional diesel engine. A comparison was carried out 

between different propulsion systems to determine their differences, strengths and weaknesses, see 

Table 10 and 11. 

 

Table 10. Different diesel and electrical propulsion systems compared 

Motor Fueltank(100l) Exhaust Drivetrain Cooling Total

Weight [kg] 189 100 20 20 329

Cost [SEK] 122000 10000 6000 15000 15000 168000

Maintenance cost [SEK] 2000 2000

Range@5kn [Nm] 5l/h 80

Volume [m3] 0.2 0.1 0.05 0.05 0.4

Motor Fueltank(100l) Exhaust Drivetrain Cooling Total

Weight [kg] 144 100 20 20 284

Cost [SEK] 83000 10000 6000 15000 15000 129000

Maintenance cost [SEK] 2000 2000

Range@4kn [Nm] 2.5l/h 100

Volume [m3] 0.16 0.1 0.05 0.05 0.36

Motor Batteries Aux system Drivetrain Total

Weight [kg] 70 144-972 20 234-1060

Cost [SEK] 119000 175000

Maintenance cost [SEK] 0 0

Range 4-36kWh

Motor Batteries Aux system Drivetrain Total

Weight [kg] 32 240 20 292

Cost [SEK] inkl 8000 97000 inkl 105000

Maintenance cost [SEK] 0 0

Range@4kn [Nm] 20

max speed [kn] 6

Volume [m3] 0.004 0.09 0.01 0.104

motor density [kg/m3] 3500

Typical diesel installation 40hp, Volvo Penta D2-40

Typical diesel installation 20hp, Volo Penta D2-20

Typical el. installation 36kw, Solomontechnologies ST-74 

Typical el. installation 18hp, OZEcoDrive
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Table 11. Pros and cons for electrical versus diesel drive 

The comparison showed that the main differences between electrical- and diesel propulsion is range, 

refuelling time, speed and running maintenance costs. Somewhat surprising the cost for an electrical 

system is slightly lower than a diesel system and the weight is similar.  

The choice for the Q380 fell on OZEcoDrive electrical solution18. It incorporates a slimmed propulsive 

solution (with rather light motors with a large diameter that gives high torque and that are tuned for 

propeller rpms) with a straight shaft drivetrain for minimal losses, folding propellers and an advanced 

control system that features the ability to charge batteries while sailing (using the motor as a 

generator) as well as comprehensive aids for control and determining propulsion parameters. 

With this solution the Q380 will have a range of around 20Nm at a speed of four knots, depending on 

the size of the battery installation. It will have a max speed of about six to seven knots which is, as 

the range, lower than with a corresponding diesel system. However it will have a very low annual 

maintenance cost, greater freedom of placement of both the motor and the battery bank, the ability 

to be driven through the water without loud noise or bellowing smoke, potentially zero fuel cost if 

only charged while sailing, clean bilges without spilled oil residues and so on.  

8.1 The Engine 
OZEcoDrive is the supplier of the engine system. Their system has many advantages, the engine is 

small and no major maintenance is required, the engine can also work as a generator when sailing. 

The best advantage of this system combined with the innovative installation is that there is a 

possibility to minimize the induced drag when sailing in low wind speeds or competitions. 

8.2 The Installation 
Traditionally the motor, electrical or diesel has nearly always been placed in the same location under 

the companionway staircase. This has been due to the diesel engines bulky measurements as well as 

the possibility of convenient placement of propeller and simplicity of the drivetrain. It is also 

preferable to place such heavy equipment close to the centre of floatation to keep the gyradius 

down. This inevitably leads to losses due to drivetrain characteristics as well as propeller placement. 

The most efficient drivetrain is the straight shaft, it does not experience the same losses as the sail 

drives double bevel gears, but it leads to a propeller disc placed at an angle to the flow, effectively 

reducing efficiency. 

                                                           
18

 OZEcoDrive, OZ Marine AB 
http://www.ozecodrive.com/OZecoDrive/Swe/IndexOZecoDriveSwe.html (available on 2011-12-01) 

Ecofriendly Range Range Non-Ecofriendly

Fuel cost Speed Speed Fuel cost

Maintenance cost Fuelling time Fuelling time Maintenance cost

Freedom of placement Known technology Freedom of placement

Space requirements Availability of spare parts Space requirements

Low noise and vibration Option of warm water Noise and vibration

Simplicity Simplicity

Smelly

Disgusting bilge water

Electrical drive Diesel drive

http://www.ozecodrive.com/OZecoDrive/Swe/IndexOZecoDriveSwe.html


 

51 
 

In the Q380 a novel engine placement is introduced. The electrical motor is placed inside the bulb of 

the keel, a configuration similar to that of podded propulsion on large diesel electrical merchant 

vessels.  

 

Figure 26. The propulsion system inside the keel bulb. 

This configuration has a number of advantages and challenges. The greatest advantage is the 

reduction of drag while sailing. In a traditional configuration there is always a significant appendage 

drag contribution from the propeller, shaft and supports that extrude from the otherwise smooth 

hull. With this solution the only drag contribution is from the folding propeller blades, which reside in 

the wake field from the bulb which further reduces the significance of this drag component. 

Furthermore the propeller disc will be normal to the flow vector, eliminating this loss of efficiency, as 

well as subject to a round, homogeneous, velocity reduced inflow that will in fact cause hull 

efficiency effects similar to those on merchant vessels with bulbous stern configurations. The 

challenges reside in designing a drivetrain and mount system that is perfectly watertight. 

The idea with the position of the propeller is to fit in the last 10% of the bulb. According to Figure 27 

cutting off 10% do not inflict any increase of drag, but whether or not the fact that the trailing edge 

of the bulb will consist of a folded propeller will affect the drag would have to be thoroughly 

investigated in a viscous flow analysis. However, the drag should be less compared with the 

traditional placing of the propeller. The two different modes of the propeller during sailing are folded 

and charge mode. In the latter it generates power to the batteries. 
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Figure 27. Drag coefficient comparison for different bulb ends.
19

 

8.3 Detailed description of drive train configuration. 
 

 

Figure 28. Section of aft part of bulb revealing motor configuration. 

                                                           
19

 PoYD, Fig. 6.34, p. 137 
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Figure 29. Bulb from an aft starboard side angle, showing holes for mounting bolts. 

The motor, blue colour in Figure 28, is located inside a cavity of an aft part of the bulb and the 

cooling of the engine will be from the surrounding iron. This will work as a large cooler and the 

surrounding water will keep the iron at the temperature of the water. The entire aft section of the 

bulb is dismountable by loosening two bolts holding it to the forward section, Figure 29. The forward 

and aft parts of the bulb are connected through a guiding flange and two bolts.  

The shaft is connected to the motor through some 1DOF-coupling that allows minor misalignments 

and is mounted into the bulb with an axial thrust bearing near the motor and a spherical roller 

bearing near the propeller. This spherical bearing is protected from water intrusion by twin lip seals, 

there is also a “last resort” lip seal in the thrust bearing end. This makes a total of three lip seals 

protecting the motor from water ingress through the shaft canal; the intention is also to utilize some 

sort of water detector in the shaft canal to alert the user if there has been water ingress to the last 

lip seal. Further the motor cavity is protected by twin O-rings around the guiding flange of the 

forward part of the bulb, though not shown in these pictures. 

 

The end of the bulb, leading to the propeller hub, depicted in black in Figures 28 & 30, is a Nylon 

cone that transfers the shape of the bulb to the propeller hub. It can also hold a sacrificial anode to 

protect the metal parts from corrosion. It is mounted to the aft bulb with twin bolts. The bolt holes 

that break the bulb surface are plugged with rubber or plastic plugs. 
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Figure 30. Aft part of bulb as ghost image. 

The maintenance requirement on the motor, as stated on the OZEcoDrive webpage, consists of an 

annual visual inspection that can be performed when the yacht is taken out of the water. This is 

possible to do while the bulb is resting on the ground as the lowest point is on the forward part. The 

rear part can then be loosened and slid off using a purpose built small cradle as this part of the bulb 

weighs nearly one metric ton. Any inspection, reparation or maintenance can then be performed on 

the revealed drive train system.   
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9 Weight calculation 
The issue with unrepresented weights were solved by looking at pictures from other yachts to see 

which details they had installed. Every square meter of the hull should have a mass according to the 

strength calculations. To this mass an additional 2kg/m2 has been added and is representing the 

weight of absorption and reinforcement overlaps. Weights of interior panels were calculated by 

multiplying their area with a weight of 6.2 kg per square meter, this is the weight of the interior 

laminate chosen. The bulb keel with electrical engine gave the possibility to move the CoG without 

moving the interior, but this were never needed because of good help with the original design of the 

underwater body. The largest contributors to the total weight are stated in Table 12.  

While it is a racing yacht, there is one loading condition that is more important than the others and 

that are when racing, but there are two others that need to be evaluated.  

Race condition 

 6 Crew 

 4 out of 8 batteries 

 No tank content 

 No stores 

Light weight (as delivered from factory) 

 No crew 

 No payload 

 No batteries 

Fully loaded 

 6 Crew 

 8 batteries 

 Fully loaded tanks 

 600 kg miscellaneous weight 

Contributing parts 

Part  Mass [kg] Percentage of total mass 

Ballast 2500 48.7% 

Structure 1621 24.7% 

Interior Design 596 10.7% 

Installations 536 9.7% 

Rig & Sails 189 3.4% 

Sailing equipment 108 1.9% 

Deck equipment 45 0.8% 

Total weight 5544   

Table 12. Contributing parts to the weight list 

The largest contributor to weight is the ballast with fittings that counts for almost 50% of the total. 

Compared with other performance yachts the Q380 is a real light weighted one with approximately 
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one tone less weight but with heavy ballast. The low weight is achieved by choosing light materials to 

the interior and a deck without heavy teak. 

The weight list can be found on the CD. 
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10 Stability and Hydrostatics 
The hull shape affects the yachts performance in many different ways, what is good for some 

characteristics is bad for others so a balance has to be made to achieve a yacht that performs well. 

Orca 3D20 was used to obtain the hydrostatic values. 

10.1 GZ curve 
The GZ curve represents the static stability and is one of the largest contributors to the yachts 

movements in waves and gusts. The low CoG results in a curve that reaches far with a high maximum 

value.   

 

Figure 31. GZ-curve for different heel angles. 

10.2 Dellenbaugh angle 
The Dellenbaugh angle is a simple way to see how the yacht will behave when sailing. Dellenbaugh is 

calculated by using formula 9.1.2 in PoYD: 

       
     

    
     

       

         
       (77) 

 

This represents a yacht that is tender according to PoYD Figure 4.21. But with a CoG of -0.4m it will 

become very stiff when heeled just a few degrees. According to the VPP calculation it will heel 

around 25 degrees for almost all sailing conditions, refer to Chapter 11.2.  

10.3 STIX 
The Stability Index (STIX) is a part of the ISO calculation. For an ocean going sailing yacht, a value of 

32 has to be achieved. The Q380 obtain an astonishing value of 52. The down flooding point to be 

analysed was to be the companion way and were flooded at 125 degrees of heel. Full calculations are 

attached on the CD.  
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11 Evaluation of performance 
To see how well the yacht performs a velocity prediction program called WinDesign 21 was used. The 

program formulates the equilibrium behaviour of the yacht as a set of nonlinear equations 

summoning forces and moments on the yacht. The result from this analysis that yacht companies 

often display for their yachts is the polar plot. This shows the yachts speed at different wind angles 

and wind speeds. The yacht has been described with various values and coefficient in the program 

and two sets of sails was used, one for upwind conditions and one for downwind conditions. The 

program then compare resulting yacht speeds with different sail sets at different angles to determine 

which sail set to use when. 

11.1 Configuration 
The results from stability tests in Orca 3D were used as input in VPP as well as coefficients obtained 

from the hydrodynamic analysis in CFD software. In the test a crew of six people of 75 kilos each has 

been used. 

11.2 Evaluation 
In the figure below the best VMG for a certain wind speeds is plotted. As can be seen the Q380 

performs very well in both upwind and downwind conditions. 

 

 

 

It was already known that the yacht was tender according to the Dellenbaugh angle calculated 

earlier. However, because of the round shape of the hull and the heavy keel bulb the yacht stabilizes 

at about 22° degrees of heel. This can be seen in Figure 33.  

 

                                                           
21

 Windesign VPP software, http://www.win-design.com/en/index.htm 

 

Figure 32. Highest VMG for certain wind speeds. 
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The polar plot visualizes the yachts speed at different angles and wind speeds. To be able to see if 

the yacht performs well a comparison was made with the Xp 38, which is a yacht in the same 

segment as the Q380. According to the polar plots the Q380 outperforms the Xp 38, this has been 

one of the goals with the design. 

Worth mentioning is that the VPP calculations are based on the Delft series and are not validated for 

        , corresponding to a speed, for the Q380, of 12 kn. This is visualized by the red line in the 

polar plot, Figure 34. The yacht may reach higher speeds but it has to be calculated using another 

method. 

  

Figure 33. Best heel angle for certain wind speeds. 
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Figure 35. Polar plot Xp38. Figure 34. Polar plot Q380. 
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11.3 Evaluation of novel motor installation design 
A comparison has been carried out using the VPP software to determine the benefits of the novel 

propulsion system installation introduced in this yacht design. Below, three polar velocity plots can 

be seen for the Q380 with 0, 0.1 and 0.04 square meters of propeller installation projected area. 

These values represent the Q380 in its actual design, with an approximated fixed propeller 

installation and a folding blades propeller installation respectively.  

 

 

  

Figure 36. Three polar velocity plots for the Q380 with 
various propeller installations. 
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The benefits of reducing the propeller installation projected area can clearly be seen. In close hauled 

conditions for low wind velocities the novel design is approximately 30% faster than with a fixed 

propeller and 15% faster than with a folding propeller installation.  

One can of course question the ability of the VPP software to accurately determine the drag 

contribution from the propeller installation, especially due to the very complex viscous flow 

characteristics developed around such an oddly shaped appendage. However, it is “based on 

hydrodynamic and aerodynamic force models from many years of experience in Naval Architecture 

and Yacht research” according to the software producers. This in combination with the seemingly 

traditional norm of not including the propeller installation area in the VPP calculation noticed at least 

in the Chalmers university VPP server for other designs, it is arguable that the Q380 performs even 

better in comparison.  

 

11.4 Water plane analysis for heeled conditions 
Water plane areas and waterline lengths for various heeled conditions are given as input to the VPP 

program. Following the extraction of these properties, some interesting phenomena that are 

believed to contribute to performance of the yacht have been noted. First the wetted surface area 

decreases with heel. The wetted surface area of the canoe body, the total wetted surface area is 

acquired by adding the constant values for the fully submerged appendages, is 22.99, 22.73, 21.91 

and 21.25 square meters for 0, 10, 25 and 40 degrees of heel respectively. This will result in a 

reduced resistance from viscous effects for larger heel angles. Secondly, the waterline length has its 

maximum for heeled conditions somewhere slightly below 25 degrees of heel. The waterline length is 

10.94, 11.15, 11.28 and 10.86 meters for 0, 10, 25 and 40 degrees of heel respectively. This will result 

in a minimal wave resistance for about 22 degrees of heel as this resistance component is highly 

dependent on the Froude number and benefits from a long waterline length.  

The above noted phenomena in combination with stability characteristics that stabilizes the yacht 

around 22 degrees of heel for most sailing conditions are believed to be one of the explanations of 

the overall good sailing performance of the design. 
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Figure 37. Water plane areas for 0 degrees of heel. 

 

 

Figure 38. Water plane areas for 10 degrees of heel. 

 

 

Figure 39. Water plane areas for 25 degrees of heel. 

 

 

Figure 40. Water plane areas for 40 degrees of heel. 
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12 Conclusions and Discussion 
The task for this project has been to design a sailing yacht according to a number of initial 

requirements. These requirements were based on a series of statements that were given by Mr 

Stefan Qviberg as follows: 

The yacht should be: 

 A performance cruiser – meaning that it should be able to cross an ocean as well as perform 

well in competitive circumstances. 

 38ft long. 

 Possible to sell – meaning that the price for the yacht should not exceed 2-2.5 million krona. 

 Aesthetically attractive – which also relates to the sell ability. 

 Compliant with the category A-ocean requirements – which relates to the cruiser ability 

 Innovative – part of the idea of the project was to design a yacht according to the same 

requirements as Mr Qviberg’s design of a 38 footer for Arcona yachts but without taking into 

consideration the conservatively of yacht buyers. This would give a greater freedom in 

developing new solutions and ultimately show if, given this freedom, the project could 

develop a yacht that performs better. 

On top of these requirements the project group had some wishes of their own that were expressed 

in relation to the original statements. They fell mostly in under the performance cruiser category and 

were expressed as follows: 

The yacht should also be: 

 Given an environmental friendly profile – this is a requirement that will cause some conflict 

within the market that is currently dominated by demands for comfort and propulsive 

solutions. 

 Performing well on a close hauled tack but also have a good overall performance. 

 Able to accommodate a four person family – however the family will only have basic needs 

for comfort and buy this yacht as a mean of exercising their interest in sailing as well as for 

outdoor life. 

 A yacht designed for sailing – meaning that developed solutions should prioritize the sailing 

characteristics of the yacht rather than comfort and range when motoring.   

 Responsive and quick in its steering characteristics – with an excellent feel for the yacht. 

 Easy to operate with a crew of two and able to operate alone. 

12.1 The result 
The final design of the yacht fulfils these requirements well. The sailing performance is very good, 

Category A has been reached, it is aesthetically appealing, the general arrangement is able to 

accommodate up to six people over night with functional comfort and several innovative solutions 

have been used. Further some exotic materials have been utilized but not to an extent where it 

would cause the price to become too extreme, also the hull and deck will be possible to produce 

using well established manufacturing techniques such as vacuum infusion. It also features an 

innovative electric propulsion arrangement that contribute both to the environmental appearance as 
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well as the sailing performance. Following is a discussion of the solutions within the respective design 

areas and their correlation to the design goals. 

12.1.1 Sailing performance 

The VPP plot of the Q380 shows an outstanding sailing performance under all conditions. The 

downwind performance is very good which was not intended initially however this does not seem to 

have a negative effect on the upwind performance which is also exceptionally good compared to 

other similar yachts. This combination has been achieved due to a good compromise in the hull 

shape design where the aft section is rather flat and wide in the waterline but narrows towards the 

midship section. The maximum depth of the canoe body can be found slightly forward of midship at 

the same time as the LCB is situated 3% aft of it. In the bow section the waterlines are quite narrow 

and the depth increases rapidly towards midship resulting in a rather sharp forward underwater 

body. Together with the rather narrow overall breadth in the waterline and the almost spherical 

underwater midship cross section the above stated properties are believed to result in the good 

overall performance. 

Further the minimal wetted surface area as well as the maximum waterline length for heeled 

conditions occurs at about 22 degrees of heel, which in combination with stability properties that 

allow the yacht to rapidly heel to 22 degrees where it stabilizes is also believed to contribute to 

performance.  

These properties have been made possible by a high degree of freedom in weight distribution given 

by several innovative solutions for placement of appendages and propulsion system. 

12.1.2 A yacht designed for sailing 

Even though the hull shape has been optimized mainly for an upright sailing condition it has also 

been verified hydrodynamically for heeled conditions. This in combination with a deck layout design 

made for racing as well as cruising, a large sail area to wetted surface area ratio, an appendage 

design that transfers the feel of the yacht to the helmsman and a rig design that has been carried out 

with full respect taken to sailing characteristics confirms that the final design of the yacht fulfils this 

design goal. 

12.1.3 Innovative solutions 

A novel propulsion system installation has been introduced that is believed to greatly improve sailing 

characteristics as well as contribute to the environmental profile of the design. This motor 

installation leads to a reduced appendage drag, low overall volume requirements, freedom of weight 

distribution and improved propulsive efficiency while motoring. Improving propulsive efficiency is 

vital to acquire good range which is one of the weaknesses with an electric propulsion system. The 

challenges with this novel design consists mainly of constructing a keel bulb that can safely house the 

electric motor, however a talented mechanical engineer should be able to perform this in a good 

way.  

Further, an unorthodox method of balancing the yacht has been utilized. This method aims to use 

the rudder as a hydrodynamic lifting surface to aid the keel in providing lift from the underwater 

body, utilizing the so called biplane effect. The rudder design is of course vital to be able to achieve 

this aim and has resulted in a rudder area larger than normally seen on yachts of similar size. A large 

rudder area also contributes to the steering response and feel for the yacht.  

This design ambition has led to a reduction of required keel planform area that allows the draft to be 

restricted while maintaining a large sail area.  
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Further the combination of freedom of weight distribution and a balancing method that takes full 

respect to the placement of the mast has allowed for a rig construction that could be performed with 

full respect taken to best sailing characteristics. 

12.1.4 Category A (ocean) 

The scantling arrangements of the Q380 have been carried out according to the ISO-12215 

requirements and the stability calculations has resulted in a STIX index far greater than required. The 

STIX value is a result of the low centre of gravity in combination with a high down flooding angle and 

high angle of vanishing stability. 

12.1.5 Aesthetical appearance and ability to sell 

The general arrangement of the Q380 has been carried out in line with the ambition of 

accommodation of a family of four and ability to house six people over night. It has six berths that 

are arranged in a way to supply resting comfort in both harbour and under way. The level of comfort 

is sufficient but not extravagant and the interior aesthetical appearance is meant to convey 

performance, functionality and homeliness. Regarding comfort, hot water has been identified as a 

major issue, this is meant to be supplied with an optional liquefied petroleum gas water heater as no 

engine coolant is available for this purpose and electrical energy needs to be conserved. Also the 

refrigerator and stove is meant to be powered with liquefied petroleum gas. To summarize, these 

aspects will provide an adequate but not extravagant level of comfort. 

Aesthetically to an outside observer the yacht conveys performance, reliability and a high level of 

technical solutions which is in line with the design ambition. 

12.2 Further work 
Before production of Q380 the innovative details should be evaluated more closely and the design 

loop should be worked through at least one more time with focus on the ability to build the yacht. 

The first produced unit might need to change the position of the keel from 0.1 to 0.2 meters aft to 

increase the sailing stability or decrease the planform area of the keel to move the center of effort 

aft wards.  

 The structure of the yacht should be better evaluated in the areas where winches, shrouds, 

stays etcetera are fastened.  

 Design of electrical and piping systems.  

 Design of steering system and the rudder should be prepared with an ability to move the 

center stake. 

 Hydrodynamic analysis of the modified keel with propeller. 

 Update the weight list to get a more exact result. 

 A more detailed cost evaluation. 

 Consider some changes and/or adding solutions to totally fulfill requirements of the Class A–

Ocean classification. 
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