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Abstract
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This applied design research focuses on the introduction

arrangement that promotes more interaction between

of ground effect into personal watercraft as a way

the driver and passenger while using the product

of improving the efficiency and performance of the

is investigated.

craft, while also creating a new user experience.
Ground

effect

is

an

aerodynamic

phenomenon

experienced by bodies flying in close proximity to
a surface and results in a significant increase in the lift
to drag ratio. It is used by race boats as a means of
improving performance.

The outcome of this research is a design that has
performance comparable to the existing market
leaders, while having less impact on the environment.
Moreover, it will be a design that confronts the social
issues surrounding this adrenalin-inducing pastime.

The scope of this research will be to investigate how
ground effect may be implemented into personal
watercraft to help increase their efficiency. This will be
used as a framework for designing a revised form of
personal watercraft. The opportunity to redesign a craft
(from the ground up) provides a product offering a level
of market differentiation. As such, all aspects will be
assessed for their impact on the efficiency, performance
and user experience.
The current paradigm in personal watercraft design
is based upon a saddle-style seat, like that of
a motorbike. This arrangement does not actively
promote a shared user experience, resulting in personal
watercraft use being perceived as an anti-social activity.
Research conducted into the design of a new general
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1.0 Introduction
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Aerodynamic lift is widely used in powerboat racing as

Bombardier Recreational Products (BRP) in 1968

a means of reducing the wetted surface of the craft to

(fig. 5), with the latest craft (fig. 4,) the similarities are

increase performance. This practice is yet to become

obvious. Little has changed in terms of layout or the way

popular in the recreational boat market.

the craft is operated in the 42 years of this category of

The aim of this research project is to create a new,
more efficient, class of PWC through the application
of aerodynamic lift, an examination of the current PWC
paradigm and assessment of possible alternatives to
the current designs. This will include alternative general
arrangements, aesthetic treatments, user experience,
construction processes and hull design.

the craft’s existence. However, significant changes have
been made in terms of performance, which I will enlarge
upon in later sections. Progressing from the initial craft’s
32 horsepower engine, manufacturers are now selling
craft with 260 horsepower. This has led to promotional
videos showing PWC out-running Ferrari sports cars
over a quarter mile drag, evidence enough that these
are performance-orientated craft, without mentioning

This thesis documents the research undertaken to
satisfy this aim. I will begin by giving a background of
the research topics, how they have developed, where
they headed and how they affect the scope of this thesis.
This section includes a review of the existing literature
and an explanation of the research methods and design
process within this project and their development toward
a variety of solutions. Finally, I will discuss and analyse
the results of my research before giving conclusions and
recommendations for further research.

the racing circuits set up for them.
It is intriguing, then, that these craft have not yet taken
advantage of aerodynamic assistance in their quest for
speed when it is prevalent in almost all other powerboat
racing circuits, including both inshore and offshore
racing classes. This becomes particularly interesting
when one considers the relative inefficiency of these
craft; a 3.54 metre PWC with 260 horsepower has
a top speed of 68mph and a 6.0metre sports boat with
200 horsepower has a top speed of 60mph.

In comparing the first Personal Watercraft (PWC),
the

Sea-Doo,

introduced

into

the

market

by

Fig. 5
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Fig. 6

2.0 Background
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In this chapter I analyse the existing theory related to

rather than the conventional manner of sitting or standing

the research areas selected for this project. I begin with

in the vessel.”

a history of personal watercraft that illustrates how they
have developed, what the current and past trends have
been in terms of technology, features and aesthetics.
This leads into an analysis of how aerodynamic
assistance has been applied to different styles of racing
craft and how they could be applied to this project
in particular. As part of this, the principles of ground
effect will be introduced and the literature surrounding
this will be assessed. This section will conclude with
an analysis of the available literature related to
stepped-hull design, resulting in the formulation of
design guidelines for such a hull form.

As previously stated, PWC were introduced by
Sea-Doo in 1968. However, due to engine problems
all 1500 sold were recalled and the product withdrawn
from the market (Horiuchi, 2006). The “craft’s turning
ability was poor” (Horiuchi, 2006). With a claimed top
speed of only 25mph (35mph on the second generation)
(Oldseadoos, 2006), it was hardly the performanceorientated device PWC are today. It was not until
the early 1970s when Kawasaki Motors Corporation
introduced the Jet Ski, a stand up style craft, that
the PWC concept became commercially successful
(PWIA, 2006).
In 1987 Yamaha Motor Company introduced the Wave
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2.1.1 The Beginning

Fig. 7

Runner (fig. 6), a sit-down style craft similar to the original
Sea-Doo, but with more emphasis put on handling
(Horiuchi, 2006). This style of craft began the modern era
of PWC with only Kawasaki and Yamaha continuing to

A PWC is defined by the Personal Watercraft Industry

manufacture stand-up models. Currently there are four

Association (PWIA) as “a vessel which uses an inboard

main manufacturers: Yamaha, Sea-Doo, Kawasaki, and

motor powering a water jet pump as its primary source

Honda (PWIA, 2006). Sea-Doo re-entered the market

of motive power, and which is designed to be operated

two years after Yamaha, with Honda joining the market

by a person sitting, standing, or kneeling on the vessel,

in 2002 (PWIA, 2006).

Fig. 8
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2.0 Background

2.1.2 Developments in Technology
PWC are a controversial product, with many marine and
shoreline users as well as environmentalists complaining
about the noise and pollution that is associated with their
operation (Blue Water Network, 2002). The introduction
of regulations for new personal watercraft since 1998
have led to significant improvements in the efficiency

The modern Sea-Doo in the comparison above

not start moving forward as soon as the engine

uses Sea-Doo’s new iS system, making it one of the

is engaged. This is combined with the introduction of

most technically advanced PWCs ever made. The iS

a reversing bucket that also doubles as a brake, allowing

system, introduced in 2009, incorporates the following

manoeuvring in marinas and other tight areas, as well

computer controlled features: braking, reverse, throttle

as making it easier to dock the craft. When the brake/

and suspension, and also introduces the first “stepped

reverse lever (fig. 12) is pulled, while the craft is travelling

hull” into the PWC market (fig. 10).

at speed, the craft automatically puts itself in neutral,

and sound levels associated with the craft. The PWIA

The purpose of the step is not, however, the same as

reported reductions in noise levels between 1998

in most stepped hull boats. Where most steps

and 2006 of 70%, with evidence on manufacturers’

are employed to increase the efficiency of the hull

web sites of further reductions.

(by reducing wetted surface area), the S3 hull,

In the same period, the PWIA also reports a reduction in
emissions of 90%, largely attributed to the introduction
of four-stroke engines into all sit-down models.

Sea-Doo uses a small forward sweeping step in line
with the water jet intake to create a low pressure zone.
This low pressure zone, instead of creating lift, sucks
the hull of the boat to the water. I suspect that this is

corresponds with a trend of larger and heavier PWC

an effort to keep the hull in contact with the water as much

than their two-stroke counter parts. When comparing

as possible to provide as much solid water supply to

the specifications of the pre-four-stroke craft with

the impeller as possible. This being said, without testing

those of the current models the difference is clear;

this hypothesis, it is difficult to tell how effective this

both represent the top of the high performance line for

system is.

smaller in every dimension. A more in-depth look at this
is presented in the discussion and analysis chapter.

to push against the craft’s motion (fig. 13).

as Sea-Doo dubs it, tries to do the complete opposite.

The introduction of the heavier four-stroke engines also

Sea-Doo in their respective eras - the 1998 model being

deploys the reversing bucket, and then reapplies power

The benefits of other features that Sea-Doo has
introduced

can

more

clearly

be

recognised;

the introduction of neutral means that the craft will

Fig. 10
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Fig. 11

2.0 Background

The introduction of a braking system is another PWC
first, but the effectiveness of this feature, however
well intentioned, is questionable. Sea-Doo markets
the product by saying that it reduces the stopping
distance by 100 feet, but neglects to give an indication

Other features included in the Sea-Doo line up include;
• Cruise control
• Automatic retractable mooring ties
• High performance variable trim system (VTS)

of the percentage the stopping distance is reduced by or
the resulting stopping distance. An independent review

• Off-throttle assisted steering

by Personalwatercraft.com reported a reduction in

• Tilt steering

Fig. 12

stopping distance of between 30-50%, giving a stopping
distance of 100ft (or around 30m). Given that it is illegal
to operate a craft at more than 5 knots (9.26km/h) within
200m of land or other boats, it is hard to determine
a situation where the brake would be necessary - given

• Fold-down re-boarding ladder
• Learning key (limits speed of craft)
• Closed loop cooling system

a PWC’s inherently small turning radius.

• Ski tow eye

Sea-Doo has also introduced an intelligent suspension

• Adjustable mirrors

system where the hull moves independently from
the upper structure of the vessel. The rider can
then adjust how hard or soft the suspension is on
the handlebars to suit the riding style and conditions,
much like modern suspension in some cars. This will

The significant list of features fitted on the new Sea-Doo

Fig. 13

craft may help to explain the increase in size and weight
of the craft described earlier. There seems to be a
trend to move away from outright performance towards
a more refined craft.

allow a much more comfortable ride at the expense
of performance because of the added weight of such
a complex structure (fig.14).

Fig. 14
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Fig. 15

2.0 Background

2.1.3 Personal Watercraft General Arrangement;
Implications on Use and User Experience

• The driver can throw the passenger from the vessel
accidentally and on purpose.

on which multiple passengers sit one behind the other,
and is operated via handlebar controls.

.YV\UK,MMLJ[HUK/PNO7LYMVYTHUJL*YHM[
“Ground Effect is an aerodynamic phenomenon that is
used by WIG boats to achieve high speed over water

Some of the advantages of this general arrangement are:
• It is familiar through the resemblance to a motorbike
or push bike.
• It allows the user to stand when encountering waves
to brace themselves.
• It is easily scalable to allow 1, 2, and 3 seated models.
• All of the weight is on the centreline of the craft
helping stability.

with minimum fuel consumption” (Opstal)

Chord Dominated Ground Effect
By flying close to a surface at an angle of attack
a “ram wing effect” (Opstal) is created where air is
compressed between the wing and the surface.
The resulting increase in pressure results in a greater

aerodynamic lift, in actual fact the craft is taking

pressure differential between the upper and lower sides

advantage of ground effect; a term given to the effect

of the wing, hence increasing the lift generated by

on air flow over a wing when it flies in close proximity

the wing (Opstal).

to a surface (fig. 16). In reality there are two forms of
ground effect - span dominated ground effect and
chord dominated ground effect, I will now briefly explain
the effect of each.

Span Dominated Ground Effect

• It is less of a shared experience because the driver

The main component of drag of a wing is the induced

cannot see the passenger/s, as such it is harder

drag, i.e. the drag created by lift (Kermode). To create

to communicate.

lift the wing has to create a pressure difference between

person leaving the vessel completely.

drag of the wing (fig. 15).

When I have previously talked about craft using

There are also some disadvantages:

• It is difficult for the driving to be shared without one

(i.e. the water) the vortices are suppressed by the lack
of room available for them to form, reducing the induced

The current general arrangement for personal watercraft
is derived from a motorbike; using a saddle-style seat

(Kermode). When the wing flies close to a surface

the top and the bottom of the wing (Opstal). At the end
of the wing a vortex forms where the high pressure
air under the wing spills around the end of the wing

Fig. 16
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Fig. 17

2.0 Background

Boats, like planes, are subject to both induced drag
and viscous drag. At low speeds induced drag is

:[LWWLK /\SSZ! -VYT\SH[PUN H +LZPNU
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the greater component of the total drag. However,
as the boat’s speed increases the viscous, or water

2.3.1 Literature Review

friction, drag becomes the major component.

One of the main focuses of this thesis is the introduction

In high speed craft, such as the topic of this research,

of stepped hulls into personal watercraft. In the following

the viscous drag accounts for “well over 50%

section I will give a description and brief history of

of the drag” (Opstal). The best way to reduce the drag

stepped hulls before I endeavour to formulate a design

is to minimise the wetted surface area of the hull

process for designing a stepped hull.

(Russell), this can be achieved by taking advantage of

The concept of stepped hulls was first proposed as

ground effect.

early as 1872 by Reverend Rasmus; unfortunately the

For example, if two identical PWC require 1.5m2 of

limitation in engine technology of the time meant that

wetted surface to support them at 100km/h and one of

it was not until 1910 that two models were produced by

the craft takes advantage of ground effect and reduces

William Fauber (Russell, 2006) (fig. 18 & 20).

its wetted surface to 1.35m2, then there is a reduction

Steps are run transversely across the hull (fig. 19)

in drag of approximately 15%.

and, like a transom, end a planing surface, this results

Offshore Catamarans, Tunnel Boats, Hydroplanes and

in a temporary separation of the water surface from

more recently Offshore Monohulls all take advantage

the bottom of the hull. Steps only become advantageous

of the drag reductions associated with supporting

in planing craft that travel at over 45 knots (Lord, 1954).

a portion of the mass of the craft aerodynamically

A hull is considered planing when the hydrodynamic

instead of hydrodynamically.

forces are greater than the hydrostatic force; that is,
when the hull is mainly supported by the forces pushing
on the bottom of the hull due to its forward motion.

Fig. 18

page | 11

Fig. 19

2.0 Background

The speed at which this occurs is approximately equal to

• If steps are put too close together the aft step will

3.4 times the transom beam of the craft (Akers, 2003a).

be running in the aerated water of the forward step

Hydrodynamic pressure on the bottom surface of

(Akers, 2003b)

the hull is greatest just behind where the water impacts

• It is difficult to place the centre of gravity on

the hull surface and then falls off towards the stern

multi-stepped boats as the balance of pressure across

(Akers, 2003b). This means that a higher aspect ratio

the planing surfaces changes as the speed increases

(shorter and wider) will produce more lift for a given

(Akers, 2003b)

area than a low aspect (longer and narrower) one.
Evidence of this can be seen in aircraft which have high
aspect ratio wings to take advantage of the greater lift
to drag ratio it gives (Clement). Stepped hulls break
the planing surface into shorter segments, effectively
increasing the aspect ratio of each surface.
Initially it was not certain how many steps a hull should
have, so as many as twelve were incorporated into
some early racing boats (Russell, 2006). Today most

• “Ventilation of the step is key”(Akers, 2003b), otherwise
the suction created by the step will suck the hull to
the water and increase, rather than decrease,
the drag.
• If the ventilation is cut to the step on one just side of
the keel, such as in a seaway or a corner, then just
that side will be sucked down resulting in an abrupt
turn (Larsson and Eliasson, 2000).

hulls incorporate either one or two steps though there is

• Stepped hulls have their centre of lateral resistance

little detailed literature on either the suitability or design

closer to their longitudinal centre of gravity so are less

of either type of these hulls. There is, however, more

directionally stable than normal deep-vee hulls and

information on the limitations and difficulties presented

can be prone to spinning out in corners (Akers, 2003b)

in the design of stepped hulls:

• Subtle changes in the position and angle of the steps,
the dead rise of the hull or the placement of steps can
all dramatically change the handling and behaviour of
the craft (Akers, 2003b)

Fig. 20
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Fig. 21

2.0 Background

There is, however, sufficient material available to

surface. The use of a re-entrant step prevents high

begin testing a range of stepped hull designs. Eugene

pressure jets of water exiting over the step and hitting

Clement, in his papers on stepped hulls, provides design

the after body and significantly increasing the drag of

procedures for the design of single stepped hulls with

the hull (Akers, 2003b), it also allows the negotiation

a re-entrant (rearward raking) step.

of waves without sharp increases in drag. On a model

Clement’s work focuses on the Dynaplane configuration,
a design featuring a cambered planing surface in front
of a re-entrant step (fig. 23). The area of the hull aft of
the step runs clear of the water and the trim of
the craft is kept constant by an adjustable hydrofoil at
the rear of the craft (fig. 21). The benefits of
the Dynaplane configuration are clearly outlined in
Clement’s papers and justified by both tank testing

tested at scale speeds between 60 and 90mph
the drag steadily decreased as the speed increased due to
the increasing aspect ratio as the hull lifted further
out of the water (Clement). As previously discussed,
a stepped hull will increase the aspect ratio of a hull.
The introduction of a re-entrant step further increases
the aspect ratio of the planing surface (Clement), which
further increases the efficiency of the hull.

and full-scale prototypes. Unfortunately, the cambered

The limitation of the design procedure presented is that

planing of the Dynaplane does not suit the PWC for

it assumes that the planing surface will support 90% of

the following reasons:

the weight of the hull; this may be fine for single stepped

• It is not suitable for craft with a dead rise angle greater
than 15 degrees.
• It is not suitable for craft that are designed to be
fast and light as it will result in an undesirably short
wetted length.

Fig. 22

hulls where the centre of gravity is generally 5-10%
of the waterline aft of the step. However, in the case
of multiple stepped boats the weight of the hull is spread
across all surfaces, and so the calculation process will
need to be adjusted to meet this requirement.
Although Clement presents a detailed design approach

However, Clement also presents a design method for

on the design of stepped hulls with re-entrant steps

re-entrant stepped hulls without a cambered planing

he does not present any information on how to apply

Fig. 23
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Fig. 24

2.0 Background

his findings to the design of multiple stepped hulls.

the first step will stop the hull burying the nose and

I have not currently found a detailed outline on the design

prevent bow steer.

of stepped hulls, nevertheless, Akers does give some
clues in an article published in Professional Boat Builder
Magazine in 2003. These are bullet-pointed below:
• The optimum angle of attack of a multiple stepped
hull is 4 degrees; 2 degrees of this should be built
into the hull and then the craft run at between 1.5 and
2 degrees of trim.
• The foremost planing surface should have the greatest
built-in angle of attack.
• Multiple stepped hulls can be designed to balance

• Vee hulls perform better when the keel has a radius
along its entire length. It is important to maintain
a defined keel for directional stability.
• If the pad at the stern produces too much lift it will
produce a bow down moment.

2.3.2 Formulating a Design Process
From my review of the existing literature on stepped hull
design I formulated the following list of parameters for
stepped hull design:

on all steps, or to run on just one step at high speed.

• Number of steps

The latter is easier to design to run over a wider

• Depth of steps

speed range.
• High steps can cause an excessive angle of attack in

Fig. 25

• Angle of attack of planing surfaces
• Sweep angle of steps

the trailing planing surface, in which case an ‘S’ shape
should be incorporated into the buttock line.
• Boats with two steps should be loaded such that

• Distance between steps
• Centre of gravity in relation to steps

the longitudinal centre of gravity is located just forward

From this I began trying to formulate a design process.

of the aft step.

I started with a twin stepped hull as multiple step

• Adding a pad or rounding off the keel forward of

designs are the most common in contemporary designs,
particularly in offshore race leagues.

Fig. 26
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Fig. 27

2.0 Background

To start, I looked at a series of designs from

The remaining pages calculate the geometry of

Ocke Mannerfelt and Michael Peters (fig. 27), both of

the planning surfaces using Clement’s process for

which are well known for their stepped hull designs

the first two planing surfaces and Savitsky’s formulas

in the offshore powerboat racing scene. From this

for the aft surface (fig. 29).

I found that the positions of their steps were
the same proportions in relation to the length of the craft.
This equated to a length of 3/8th of the length from
the stern for the forward step and 1/5th for the aft step.
From this I reasoned that for the selected running angle
of attack the moments generated from the three lifting
surfaces had to cancel each other out. A formula for
this was generated and embedded in a spreadsheet
along with the design process for a swept step as laid
out by Clement.
The first page is simply to input the major dimensions
of the hull and convert them to imperial for Clement’s

Fig. 28

Fig. 29

calculations (fig. 28).
The

second

page

calculates

the

lift

ratios

of

the positions of the steps and makes sure that
the moments generated by the lifting surfaces cancel
(fig. 30).

Fig. 30
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Fig. 31

3.0 Research Design
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This section will cover the research methods and

can either be done through calculation or with

due to ever-changing weather and scaling effects.

design processes I will employ in this project. I will

a wind tunnel.

Physical testing will also only present the final difference

begin by using the information obtained in the research
of the background chapters to formulate my research
questions. I will then define potential research methods
that could be used to answer my research questions,
qualifying the most appropriate for this research project.

Research has been conducted on how the lift
co-efficient of an aerofoil changes in relation to its height
above a surface. The accuracy of this method cannot
be measured because not every possible configuration

in speed or efficiency of the craft. Alternatively, accurate
calculations have been formulated by Savitsky so that
a more complete set of data, including the reduction in
drag, can be calculated.

of wing has been tested and so inconsistencies may

From the analysis above, using calculations for both

Question One

present themselves.

stages of the design process will provide the fastest and

Is wing-in-ground effect a viable method of increasing

Wind tunnel testing can represent a more accurate way

performance and efficiency of personal watercraft?

of testing the actual lift and drag produced by different

Potential Methods

designs. However, a specialty wing-in-ground effect
Wind tunnel testing is a specialty field in itself and can be

answer this question; through theoretical calculation or

very time-consuming to get accurate results.

Below I will describe the methods of both routes before
deciding on the right method for this project.
The first stage of the design process is to decide
how much of the mass of the craft should be
supported aerodynamically based on the implications
of the size of the wings on not only top speed
and acceleration performance but also cornering
ability. Part of this will be working out how much lift
can be generated for a certain wing area, this

questions, while at the same time providing results
accurate enough for the purposes of the project.

wind tunnel is needed to simulate real world conditions.

There are two major routes that could be taken to
through physical testing, or a combination of the two.

most straightforward method of answering the research

Once the lift generated is calculated, it can be used
to extrapolate the increase in performance given by
the reduced wetted surface area. Again, this can be
done by either physical testing or theoretical calculation.
Since there are no high speed towing tanks available
to physically test the model accurately, the model will
need to be either self-propelled using radio control
equipment or towed. The problem with physical testing
will be the introduction of further inconsistency in results
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Fig. 32

3.0 Research Design

Question Two
Is a stepped hull appropriate for personal watercraft?
If so what form would this design take?

Potential Methods
Given the lack of theory surrounding stepped hull design
outlined in the previous section it would be unreasonable
to try to formulate an entirely calculation-based form
of designing and assessing a stepped hull design.
Calculation will need to be used for the design so that
the size and location of the steps can be determined.
For assessment of the design a scale model of
the hull form will need to be developed, this will preferably
be a self-propelled radio controlled model rather than
a towed model. Having a self-propelled model will allow
qualitative assessment of the handling characteristics
and stability of the model across the speed range.
For the purposes of this research a more conventional
PWC hull form will need to be developed to allow direct
comparison of results between the two hull forms.

Fig. 33
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Fig. 34

3.0 Research Design

Question Three
How can the user experience be improved through
the redesign of the general arrangement and controls of
personal watercraft? How will this affect the aesthetic
treatment of the craft when combined with the research
from the previous questions?

Potential Methods

it may also present more valid results as users can

assessment of how different aesthetics suit the differing

be assessed immediately before and right after using

general arrangement concepts will be carried out.

the craft while the experience is still fresh. However, this

Concepts will be developed until a clear direction is

method may also present a smaller sample size due to

identified. At this time a clay model (fig. 34 & 35) will

the time involved in conducting this survey as well as

be created to refine the concept. This will then be

participating in the research.

3D scanned so that accurate Computer Aided Design

A

survey

of

existing

users

may

not

present

people’s initial reactions to the craft but will have

(CAD) modelling of the concept can take place and
the concept can be further refined into a final design.

For this question to be answered an analysis of

the advantages of having a larger sample size with

CAD will also be used as a tool for verifying ergonomics

the current general arrangement will need to be carried

the opportunity to acquire results from a larger range

and ensuring accurate weight distribution throughout

out, as well as market research into how people use

of geographic locations.

the development stages. Sketching will continue to be

the craft. Possible alternatives will then need to be
identified and the advantages and disadvantages
of each evaluated against the other concepts.
Research must also be conducted into styling of different
products that present a similar user experience or are
aimed at a similar user group so that a formal aesthetic
may be devised.
Analysis of the current general arrangement could either
be done through the survey of existing users or by asking
a sample of people to test a PWC and then discuss
their experience afterwards. The latter method has
the advantage of testing people who have never used
a PWC before so that initial reactions can be gauged,

From the results of the survey different concepts can
be assessed in terms of their suitability to the varied

used as a development tool alongside clay modelling
and CAD stages of refinement.

usage patterns of PWC users. Concepts for new
general arrangements and controls can be generated
through explorative sketching as well as research into
others forms of transport that present a similar user
experience, appeal to the same market or deal with
similar operating conditions.
A formal aesthetic will be arrived upon through
the assessment of existing concepts and production
vehicles of differing types and styles. Sketches of
various concepts will then be generated and an

Fig. 35
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Fig. 36

4.0 Discussion and Analysis

+0:*<::065(5+(5(3@:0:
In this section I will address each of the research

Calculation of the lift co-efficient of the wing in

Using

questions

ground effect was done using the formula derived by

the performance and physical figures of the Yamaha

Abramowski:

VX, a craft of the same horsepower as the topic of this

individually.

I

will

begin

by

outlining

the selected methods used in order to answer each
research question. I will then present the results of
those methods showing how the project developed into

Clground = Cl * (H/C)-0.11

(1)

the final craft that will be presented at the end of

A figure of 10% was decided upon as a suitable figure

the chapter.

for the proportion of the craft’s mass to be supported
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aerodynamically. This decision was based on creating

4.1.1 Wing Design

significantly larger than a PWC, while still providing

From my own previous research into ground effect
(Appendix 1), the centre of gravity of the craft needed
to lie on a point 25% of the mean aerodynamic chord.
This meant that early on a design with a high angle of aft
sweep on the leading edge would be needed to allow
a sufficiently large lifting surface without causing excess
wing span that would adversely affect the cornering
performance of the craft. I also found from previous
work that this high angle of aft sweep will also help to
produce a design that would be longitudinally stable in

a

representation

of

a

PWC

hull

and

thesis, the expected performance gain was formulated.

a wing plan form that would not create a craft that was
enough lift to achieve a noticeable difference in speed
and ride comfort.

4.1.2 Calculation of Lift of Final Design
The final design has a wing area of 0.569m2 per wing
and uses a 0012 NACA aerofoil, meaning that it is
a symmetrical foil that has a thickness equal to 12%
of the chord. At the running trim of the craft the wings
will have an angle of attack of 5 degrees, giving it a lift
co-efficient of 0.77.

flight across a large variance in speed. This conclusion is

The lift co-efficient in ground effect was calculated using

also backed up by the similar design by Ocke Mannerfelt

the equation given by Abramowski, giving a result of

(2007) (fig. 37), who reports an increase in top speed of

0.90. This data was used to formulate a spreadsheet

approximately 20% on his bat boat designs.

to calculate the lift generated at speeds between 0 and
100mph in 1mph increments.

Fig. 37
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Fig. 38

4.0 Discussion and Analysis

The program used was Formation Systems Hydromax,
prediction software based on the Savitsky formulas.
First the basic figures for the VX were set up and
the efficiency figure tweaked until the numbers
matched up. Then the weight that the wings would
support was subtracted from the craft, resulting in a new

4.2.1 Initial PWC Hull Design
Before designing a stepped hull I first decided to
design a hull based on existing PWC hull designs with
the intention of using this as a base for comparison
and developing the stepped hull design.

top speed. This process was repeated until the gains in

Comparing

performance were negligible. This resulted in a top speed

much development had occurred which could not

gain of 14mph from 54mph to 68mph. The Yamaha

be ignored. On comparison of the various current

VX is Yamaha’s entry level PWC, the FZR their top of

models I also found that the various companies had very

the line performance craft has a reported top speed

different designs.

of less than 70mph. This means that the addition of
the wings equates to an increase in performance that
spans the market.

the

various

designs,

I

found

that

In particular Sea-Doo (fig. 39) had very peculiar
designs when compared to Yamaha’s (fig. 40) more
traditional hull forms. From my crib sheeting I found that

At a speed of 68mph it was found that the wings will

Yamaha achieves a top speed, the same as Sea-Doo,

support 59kg of the craft’s weight.

and acceleration from 0-30mph in 1.9 seconds instead
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of 1.5 seconds achieved by the Sea-Doo, but it does

I will now discuss the development of my stepped hull

both craft are almost identical in weight.

design using the formulas and procedures I outlined
earlier. Firstly this will centre on the decision to have
only one step instead of two or more. The section
will conclude with an explanation of the development
process of the design along with the presentation of
the results of the testing procedure.

this with only 82% of the horsepower. I also found that

From this I concluded that Yamaha was achieving
better efficiency levels than Sea-Doo at the top end of
the speed range. This, combined with the more
conventional design of the Yamaha hull, led me to use it
as the basis for my hull design.

Fig. 39 & 40
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Fig. 41

4.0 Discussion and Analysis

One of the features of the Yamaha hull that sets it apart
is the up-turned chine. Generally hulls have a downturn
at the chine to maximise lift. This upturn at the chine
reduces the lift of this section of the hull, causing
the craft to more actively bank into corners without
the riders moving their weight. I found that this would fit
my concept well since I was considering using bucket
seats, making it hard for the users to lean into corners.
Getting a PWC to bank into corners is important
for handling as this helps the craft to track around
the corner rather than spinning out. The use of
sponsons (fig. 42) attached to the sides of the craft
also helps the craft to track (Bombardier Recreational
Products Inc., 2009).
One feature that I omitted from my initial design is
the bow steps that are now commonplace in all PWC
(fig. 41), and are used to help the craft keep their bow
up during cornering by increasing the lift generated
by the forward sections of the hull (Bombardier
Recreational Products Inc., 2009). This works on
the same theory discussed earlier in my research into

4.2.2 Two Steps or One?
Upon assessment of the current trends in offshore
power boat racing, it quickly becomes apparent that
the trend is toward having two or more steps in
the hull; this trend is prevalent in both multi and mono
hull designs. The reason for this is that the effect aspect
ratio can be further increased resulting in a more efficient
hull form. However, as Clement points out, if the spray
root lines exit over the step instead of off the chine then
the resulting high pressure spray will wet a portion of
the hull aft of the step and cause an increase in drag
greater than the drag experienced by a non-stepped
planning hull.
It was found that the relatively high beam to length
ratio of a PWC, high operating speed and relatively
low weight resulted in such a high aspect ratio
second lifting surface that it was not foreseeable to
create a twin-stepped hull without the spray root lines
intersecting the step. This led to the development of
the single-stepped design.

stepped hull design.

Fig. 42
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Fig. 43

4.0 Discussion and Analysis

The purpose of the testing was to compare the two

4.2.3 Development of a Stepped Hull
Early in the project, Richard Karn (refer Appendix 1)
pointed out that a stepped hull would not be suitable for

hull designs with the goal of assessing if a stepped hull
was suitable for PWC.

water jet propulsion as the step would cause turbulence in

I found while testing the first craft that the performance

the water being fed into the jet unit.

of the model varied considerably with the slightest

From the spreadsheet I had developed for designing
multiple

stepped

hulls

I

developed

another

spreadsheet specifically for single-step hulls. I used this

change in conditions. This is due to the scale of the craft,
the slightest ripple on the water equates to a reasonably
sized chop at full scale.

spreadsheet to develop a design that would only be

This combined with damage sustained to the electric

stepped outward of the first planing strake. This would

motor during testing meant that it was not a fair

make sure that the water being supplied to the jet unit

playing field for the hulls. When testing the stepped hull

would be free of any turbulence that might result from

the power levels of the motor were noticeably lower

the step.

and I was unable to record any data.

4.3.4 Model Testing

Nevertheless, I still decided to test the stepped hull

To test the hull designs I built the first design to scale
using balsa wood and fibreglass, and fitted it with
an electrically powered jet unit. The model was then
weighed and lead was added to bring it up to the design
weight and position the centre of gravity correctly.
The model was fitted with a data recording system
that logged the GPS speed every 0.1 seconds.
This was later used to calculate the acceleration
the craft.

Fig. 44

for the quantitative aspects of the testing. I would
estimate that the craft achieved a top speed
¾ of the original craft. At this speed I noted that the craft
did not display any noticeable difference in handling
or any of the adverse characteristics that have been
attributed to poor stepped hull design in the literature.
For a complete overview of the model construction,
equipment used, and testing process please refer
to Appendix 5.

Fig. 45
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Length
(mm)

Width
(mm)

Dry Weight
(kg)

Number of
Riders

Engine
Type

?73PTP[LK

2720

1110

370

2

2 Stroke

951

130

9?;P:

3540

1220

441

3

4 Stroke

1494

260


Fig. 46 & 47

4.0 Discussion and Analysis

Engine
Engine Power
Displacement (cc)
(hp)

4.3.5 Results ad Conclusions
Even though the testing was inconclusive I still selected
the stepped hull due to the quantitative results
of the testing combined with the unanimous findings
in the literature that the step should lead to increased
performance. To continue development I would like
to test the designs at full scale so that the handling
and performance characteristics of both can be more
accurately assessed.
The hull’s basic parameters are as follows:
Length

3000

Beam

1150

Waterline

2720

Dead rise

20 degrees

This will begin with an examination of my research into

As part of my research I also looked at past PWC models

past and present PWC designs as well as other high

to get an indication of where they have developed

performance craft with a similar target market. I will

from and what changes have been made. I found that

then outline my design process before going deeper

since 1998 all PWC manufacturers have introduced 4

into each stage of this process to examine some of

stroke engines into all sit-down models (PWIA, 2006).

the decisions and factors that have shaped my design.

This has been to conform to environmental Protection

4.3.1 Research into PWC and High
Performance Craft

to a 90% reduction in emissions and a 70% reduction
in noise when compared to pre 1998 models (PWIA,

For my research into PWC the first thing I did was

2006). I conducted my own comparison of the physical

to produce a crib sheet of all current models on

parameters of current craft and pre 1998 craft. The

the market. This allowed me get an accurate picture

two craft shown here represent the top of Sea-Doo’s

of what was available on the market and what the

high performance PWC in their respective years; the

general parameters were. A comparison of the top

yellow craft is from 1998 and the red one from 2010.

models is shown here, the compete crib sheets are

It is interesting to note that the introduction of 4 stroke

available in Appendix 4. At the time the HSR-Benelli

engines has coincided with an increase in the overall

PWC had not yet reached the market and was generally

dimensions and weight of the craft.

excluded from my analysis as it is clearly catering
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Agency (EPA) standards on emissions. This had led

to a different market to the other craft (it also breaks
the gentlemen’s agreement between manufacturers
and the US Coastguard that no production PWC will

In this section I will cover my development of an

exceed 65mph). Although other manufacturers are

aesthetic for the craft I have described in the preceding

starting to push the limits of this agreement I thought

chapters, while at the same time discuss the creation

it sensible for product liability reasons not to exceed

of a new user experience within the PWC segment.

the current paradigm of performance.

As part of my research into PWC I conducted an online
survey of 66 PWC users from around New Zealand. A
detailed account of how this survey was carried out and
a presentation of the complete results are available in
Appendix 4.
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Fig. 48

4.0 Discussion and Analysis

Fig. 49
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Fig. 50

4.0 Discussion and Analysis

From the survey it was found that the main use of PWC

for doing this led to a project with a focus on creating

In 1991 Kawasaki introduced the Sport Cruiser (fig. 51)

is as an “adrenaline toy or speed machine” (fig. 48).

a better shared user experience.

more commonly known as the SC (Kawasaki Motors),

This confirmed my approach to the project of putting an
emphasis on the performance of the craft. I also found
that the additional features that have been added to
the craft and that contribute to the extra weight of
the craft are not very important to the end users
(fig. 49). From these findings I decided to develop a craft
based on the same design principles of the lighter and
nimbler 1998 models while still maintaining the emission
and noise levels of the modern craft.

“PWC operators are commonly viewed by other coastal
stakeholders in a negative light” (Whitfield and Roche,
2007), I wanted to create a new class of PWC that was

featuring a bench style seat and a steering wheel that
could be changed from one side to the other or located
in the middle for single person use.

more socially acceptable. “Most models are designed to

Although by today’s standards the SC’s styling is not

accommodate two or three riders, but results of a PWC

representative of a performance craft, it is on par with

survey indicate that 68% of PWC riding is done alone”

the styling of Kawasaki’s other craft of the time (fig. 52

(National Transportation Safety Board, 1998). From this

& 53). This cannot, then, be the reason that the craft

I wanted to develop a design that promoted use by

was only produced for four years.

more than one person to help change the perception of

4.3.2 Creation of a New User Experience

PWC as antisocial.

In this section I will discuss the need for this craft to

This led me to the design of a craft with a transverse

offer a new user experience. I will also cover what

seating arrangement, the development of which I will

the influences on the user experience have been.

cover later in the chapter. This allows the users to

As I have already discussed the current user experience

see each other and converse much more easily while

of PWC is very motorcycle orientated. In this project

operating the craft, leading to a more social experience.

I looked to create a new user experience within the PWC

Having the ability for the users to more quickly and easily

market. This was needed so that the design would not

swap roles between driver and passenger also helps to

be looked at as just a PWC with wings attached.

encourage use by more than one person.

Also when changing the direction of my project,

This is not the first time that a PWC has been designed

as I outline in Appendix 1, from a one person flying

with a transverse seating arrangement, though I did not

machine to a two person waterborne craft, the reasons

realise this until after I had settled on this arrangement.

Fig. 51
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Fig. 52 & 53

4.0 Discussion and Analysis

Instead if a comparison of the performance figures of

inside the hull this is hard to achieve in a jet unit, leading

the SC to Kawasaki’s other craft of the time (fig. 54) is

to lower efficiency levels than more traditional forms

made, it is noticeable that the SC was 14.5% slower

of propulsion. Expect to lose “30 percent efficiency”

(Group K, 1998), the wide flat bottom of the SC would

(Marshall, 2002) compared to an outboard.

have also led to poorer handling than competing craft.
I attribute this lack of performance to the demise of
the SC. This cemented the idea that I had to create a craft
that equalled the performance of existing PWC if it was
to be seen as an alternative rather than a compromise.

This figure is not entirely accurate due to efficiency levels
changing with variations in speed. Jet units have gained
in popularity in high speed craft since they have no
external appendages which account for an increasing
proportion of the total drag as speed increases (Larsson

4.3.3 Propulsion

and Eliasson, 2000).

One of the things I considered in my evaluation of current

Another advantage of the jet unit is that there is no

PWC is the propulsion method, a water jet powered by

external propeller (fig. 57) making them safer on craft

a gasoline engine.

operating around people or when the craft may roll.

In a water jet, “water is taken up into a tunnel in the hull

The above led me to continue with the use of a jet unit

and accelerated” (Marshall, 2002) by an impeller. It is this

for propulsion although my initial inclination had been

“acceleration of the water that creates the force, so it does

towards a more efficient outboard.

Fig. 54

not matter whether the water is ejected above or below
the water surface.” (Larsson and Eliasson, 2000) (fig. 55)
“To optimise propulsion, as much water as possible
should be accelerated but the speed increase should
be as small as possible,” (Larsson and Eliasson, 2000)
This suggests itself to a large propeller spinning at low
RPM. Unfortunately due to the impeller being located

Fig. 55
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Fig. 56

4.0 Discussion and Analysis

I also investigated the possibility of using an electric
propulsion mechanism. Research was conducted into
current battery technology and an Ultralife battery cell
selected for representation.

4.3.4 Development Process and Design Features

Loose Sketches

This section will cover the development process of my

I began sketching from day one of the project, before

design. I will begin by giving a brief overview of this

I had conducted any background research. I did this

process before discussing each of the steps in detail.

to allow myself to experiment with form before

The cells specs are as follows:
My design process was based largely on the
Nominal voltage

3.7v

processes used in the automotive industry. I began by

Capacity

58maH

producing loose sketches to allow me to experiment
with form and proportion freely. I then started

Energy

2.2wh

developing my general arrangement using CAD

Energy Density

147wh/kg

using print outs from this to underlay my sketching.
Furthermore, CAD was used alongside this process

Mass

15g

(Ultralife Corporation, 2009)
Assuming the craft had a 110 horsepower (82Kw)
motor, which, given the usage pattern of PWC, needs
to run at wide open throttle for a minimum of 2 hours,
requiring 164kw/h of battery power. Dividing this

or proportion to continue this, the sketch shown
is a result of this process (fig. 56). It was not until I settled
on the use of a side-by-side seating arrangement
and stability issues had to be assessed that I produced
general arrangements using 3D CAD software.

to start producing weight calculations. From here
a clay model was produced to refine the form. The clay
was then scanned and used as an underlay to model my
CAD model over the top of. The detail design work was
carried out during the CAD process.
Towards the end of the CAD process a full scale

a battery weight of 558kg, when current PWCs

ergonomic mock up was constructed to verify

weigh

the ergonomics. The design process was concluded

not acceptable.

I continued to sketch without any reference of scale

to verify the geometry I had drawn and to allow me

by the number of kilowatts per kilogram gives
approximately 350kg. It is clear that this is

I became restricted by the results of my research.

with the creation of a quarter scale design model.

Instead the industry standard 4–stroke engine was
chosen to power the jet unit.

Fig. 57
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Fig. 58

4.0 Discussion and Analysis

Additive Inspiration
As my focus on performance grew due to the results
of my market research I decided to move away from
the couch seating idea as the connotations that go with
a couch would be very different to the craft I was trying
to create. Instead I returned to the idea of having two
individual bucket seats to help create a more purposeful
looking aesthetic.
This started me down the path of taking an additive
approach to the styling of the craft. This type of styling is
component driven, where instead of the design looking
like one continuous form it is instead made up from
many individual components similar to the aesthetic of
a motorcycle. This type of styling has gained acceptance
in high performance automotive design but has not yet
been widely applied in marine design. Examples of this
type of styling can be seen in the Ariel Atom (fig. 59),
KTM X-Bow (fig. 61 & 61), and BMW Vision (fig. 58).
Since, due to anthropometric considerations, the seats
would be relatively large in comparison to the rest of
the craft I decided to develop their aesthetic first and
then use that as a basis for the rest of the craft.

Fig. 59
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Fig. 59

4.0 Discussion and Analysis

Fig. 60
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Fig. 61

4.0 Discussion and Analysis

Two sketches from the development of the seat are

skiing, this also presented a convenient way to store

reproduced here, showing the diversity of the concepts

the extra seat when only one person was using the craft.

that were considered. The H style design was further
developed in CAD to be used as part of my 3D general
arrangement.

CAD Underlays
From this point I used printouts of this CAD model as
templates to my sketching (fig. 67). This allowed me
to more accurately replicate the general arrangement
I had created.
My initial general arrangement looked like figure 61 with
a high central seating position over the top of the engine.
This is similar to the current PWC arrangement in that
the occupants sit on top of the engine. Unfortunately,
this arrangement had several problems. The first was
the difficulty of boarding the craft, the high location of
the seats combined with only a small gap between them
meant that one of the seats would have to be moved for
boarding and that the users would have to stand on top
of the engine, leading to a high centre of gravity which
would cause instability. The advantage of this general
arrangement was the ability to have the two seats back
to back so that one person would face aft while water

Fig. 62

Fig. 63
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Fig. 64

4.0 Discussion and Analysis

To help improve the stability of the craft and make it
easier to board I decided to adopt a general arrangement
similar to the Sea-Doo 3D (fig. 65). This also allowed
me to move the seats closer to the water which would
help to increase the user’s sense of speed, heightening
the adrenaline rush.
When adopting this general arrangement I wanted
to push it to the extreme by suspending the seats off
the craft. This further removed the user experience from
what is currently available. Due to the light weight of
the craft in comparison to the people on board
the weight distribution would not allow this. The seats
are pushed as far aft as possible; this shift in weight
is offset by moving the engine and fuel further forward
in the craft. My basic general arrangement is shown in
figure 67. It has been kept as simple as possible to allow
more freedom in my sketching.

CAD Aesthetic Mock Up
Once I felt that I was getting close to the basic overall
form the craft would take I began to create a basic mock
up of the design in CAD to verify the geometry I had
drawn. This was an iterative process requiring me to go
back and forth between CAD and sketching.
Figures 64 and 66 show the result of this process;
the sketch and the 3D CAD model. At this stage I am
treating the wings as an individual component with
a hole cut right through to allow the users to see through
to the water. The idea was to allow the users to see
through to the water and prevent them being feeling cut
off from the water by the wings. Unfortunately the wings

Fig. 66

were so deep in comparison to the width of the hole
that it would not have been possible for the users to see
through to the water without making the holes bigger,
which would have rendered the wings redundant.

Fig. 65

Fig. 67
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Fig. 68

4.0 Discussion and Analysis

Clay Modelling
Once at the stage shown in the previous images,
I began to translate the design into a clay model.
Since I would not be using the clay model for display
purposes I decided to save time by creating a half model
of the design and use a mirror to give an impression of
the overall form.
Figure 69 shows the beginning of the process where
I have merely transformed the geometry of my current
design to clay.

Fig. 69
I first began developing my ideas using a series of tapes
to map out my ideas for how to treat the styling of
the floating surfaces. Figure 70 shows a natural
progression of the surfaces I had drawn in the previous
step of my development process. This design still lacks
unity and needs something to tie it all together rather
than making a feature of the engine compartment.
To help me develop ideas more rapidly, I continued to
use sketching alongside the clay modelling process.
In this rendering (fig. 68), I was experimenting with
bridging the surfaces down to the wing. This was done
to help unite the engine compartment with the rest of
the design.

Fig. 70
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Fig. 71

4.0 Discussion and Analysis

Returning to the clay model, I found using a series of
paper cutouts an effective way of developing and testing
the geometry of the floating surfaces. I often combined
these with tapes; in this photo I am trying to integrate
the floating surfaces with the rest of the design (fig. 72).
I felt that the thinner surfaces of figure 71 did not create
enough presence, nor were they assertive enough to
communicate the performance of the craft.
Figure 73 shows the blending of the wing into the main
surface making them part of the same component
as the hull, after it was realised that the gap between

Fig. 72

Fig. 74

Fig. 73

Fig. 75

the hull and the wing would not achieve its goal.
Instead I decided to create a part line in the wing which
would break up the large top surface of the wing while
also helping to integrate the floating surfaces (fig. 74).
The recess in the top of the engine compartment was
run all the way to the back of the surface to help create
the impression that the offset distance of the floating
surfaces was greater (fig. 75).
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Fig. 76

4.0 Discussion and Analysis

The top surface of the wing was extended inboard
to create the illusion that the hull is tapering towards
the stern (fig. 78). This was inspired by 1960s motorboat
styling (fig. 77) and was used to help create a more
sporting and elegant aesthetic.
Figure 79 shows the design of the floating surfaces
reaching maturity. A block model of the seat was
created to give the model a sense of scale while also
allowing me to better integrate them with the rest of
the design. A concept for the treatment of the stern
of the craft has been taped out where the floating

Fig. 77

Fig. 79

Fig. 78

Fig. 80

surfaces will continue from the wings under the seats.
Also, the cockpit floor has been raised to improve
ergonomics for smaller users and is now above
the waterline.
Figure 80 is a concept where the floating surfaces
form

the

mounting

unfortunately

they

mechanism

contradicted

for
my

the

seats;

direction

of

having flat hard lined surfaces contrasting with
a more curvaceous and sculptured form underneath.
The design of the stern has been refined and the central
cut made thinner so that it flows on better from the cut
on the engine compartment (fig. 81).
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Fig. 81

4.0 Discussion and Analysis

A concave surface was added to the side of the engine
compartment to help break up the surfaces and further
create a more sculptured look (fig. 76).
Figures 81 and 82 are photos of the final clay model.
Note the final iteration of the stern development, where
the floating surfaces now join to form a step when
boarding the craft.
The final step in the clay modelling process was
having the model scanned. This gave me an accurate
representation to create my CAD model over.

Fig. 84

Fig. 82

Fig. 83

Fig. 85
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Fig. 86

4.0 Discussion and Analysis

CAD Modelling
I spent eight weeks building the CAD model of my
design, most of this time was dedicated to design
development and detail design.

The seats received a major redesign during this process.
Throughout the creation of my CAD model I returned
to sketching to develop my ideas. The development
of the seat was one of these times. Because I found
it difficult to get the proportions of the seat right in my

The first step in the process was importing the STL file

sketches, once I had a fair idea of the direction I wanted

that resulted from scanning my clay model. This included

go I returned to CAD to get the proportions right and

zeroing the model, nesting the hull file, and checking

finalise the details.

the dimensions against the CAD mock up that resulted
from my sketching process. I found that I had to lift
the wing slightly to give sufficient clearance from
the water, which altered the sheer line slightly but
the rest of the major dimensions lined up well to
the existing hull design.

I wanted the seat to be supportive without the users
feeling claustrophobic, to do this I made the seats deep
around the hips but toned back the side supports on
the seat back. This makes sure that the users are held
firmly in place but still allow them to move their upper
body during cornering. I also wanted it to look purposeful

From this I began re-creating the surfaces of

without being intimidating. To do this I used a seat back

the model using the STL file as a template (fig. 87).

that is only 590mm high instead of a full bucket seat

Once the main body of the design was complete

which may have made the design less approachable

I began adding the other components, starting with

to families.

the floating surfaces. Until this point I had only designed
the floating surfaces as a sheet part with no thickness,
I liked this look and so to preserve it I added an
undercutting chamfer to all of the sides to create the
illusion of a super thin surface (fig. 86).

The seat sizes were based on of a 95th percentile
male and 1st percentile female. I went smaller than
the accepted norm of a 5th percentile female to help
account for families with younger children using
the craft.

Fig. 87 & 88
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The final seat was designed as a single piece moulded

The seat mounts slide into cavities in the rear wall of

of the design. This also serves as a way to add detail

design to ensure that it would be rigid and supportive

the cockpit, or if there is only one person on board,

and interest to the flat upward facing surfaces.

enough when operating in choppy water at high speeds.

under the bridge in the middle of the craft as illustrated.

This gave the seat an inherently organic form to which
I added a series of hard cut lines so that it would fit with
the aesthetic of the craft. The cuts were sized so that
they would not reduce the comfort of the seats; the seat
back cut has a maximum width of 89mm while the base
cut is a maximum of 82mm.

The

seats

can

also

be

removed

from

the mounts, making them easier to store or stack.
When removed from the craft, the seats can be used
as a beach chair. This was considered important to
the concept to maintain a level of equality between
the users: if only one person is using the craft then at

Cuts were also made through the cushion layer to

least the other user can sit and relax in comfort.

help break up the surface area of the seat cushion.

Extensions on the bottom of the seat reduced

The cut on the seat back part of the cushion was mirrored

the recline angle by 12 degrees when they are used on

to the outside of the seat to help add some detail to

the ground, to ensure that the ergonomics are correct

the large surface. This not only helped to break up

in both situations.

this large outward facing surface but also it helped to
improve the rigidity and strength of the seat back.

Like the seat supports mentioned earlier, the steering
arms were made wider so that their profile thickness

Each seat is cantilevered above the craft using

could be reduced, as I wanted them to be visually light

a ‘U’ shaped mount. This was done so that from

to stop them from looking clumsy or bulky. To help this

the stern they have the appearance that they are

I took styling cues from the floating surfaces, adding

floating above the craft, creating a cleaner look.

an under-cutting chamfer to the sides of the arms

The arms on the mounts were also made wider so that

(fig. 89).

their profile thickness could be minimized, resulting in
a less block-like form (fig. 90).

Fig. 90

The floating surfaces are mimicked on the top of
the steering arms to help integrate the arms with the rest

Fig. 91
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Effort was made to keep the same aesthetic treatments

A small LCD information panel is located in front of

throughout the design. This included the U bar steering

the steering mechanism. This will communicate

which uses a series of twisting and curved surfaces as

the following to the driver: speed, rpm, jet nozzle trim

the base but also has a series of planar surfaces to link

setting, and fuel and oil warnings (fig. 93).

back to the floating surfaces (fig. 91).

I constructed a full scale ergonomic mock up of

I used drive-by-wire technology for the controls as this

the design and found that having the arms heading off

is becoming common in PWC and allowed me much

at an angle to the driver was disorientating as there

more freedom in the styling aspects. This also allowed

was little else to give a sense of direction. To combat

me to reduce the bulk of the steering mechanism,

this, a façade was added to the steering mount

while also reducing the physical strain on the driver.

that always faces directly forward. I also found that

After testing the Surfango motorised kayaks and talking

the steering would need to be adjusted vertically to suit

with the retailers I found that the throttle finger can get

different users. To achieve this the steering arms will

very tired during prolonged use. By using drive-by-wire,

pivot around their mounting point. This will be operated

the force needed to operate the throttle can be reduced.

using a small lever on the underside of one of the arms,

The two pads on the top of the craft control the vertical
trim of the jet nozzle and two trim tabs at the rear of
the craft. This allows the driver to trim the pitch and roll
of the craft; particularly important when towing water
skiers or if one user is significantly heavier than the other.
The start/stop buttons have been positioned where
they can easily be accessed and a safety lanyard would
need to be attached to the underside of the U bars for
the craft to operate.

Fig. 93

the other arm will have a similar lever which will lock
the arms horizontally. Having the arms locked in place
while in motion will increase the handling of the craft,
as well as provide some bracing for the driver.
The cockpit was given a rubber floor to make it more
comfortable and to give the users some traction.
It was decided that the rubber grip should be recessed
as it gave the craft a more refined look. The cockpit
also features a glove box on each side for storing drink
bottles, sun block, first aid kits and other personal items.

Fig. 94

page | 65

Fig. 95

4.0 Discussion and Analysis

Two fuel caps were added to keep the design

upturn at the rear of the floating surfaces will create a low

symmetrical. Their position was chosen as this area

pressure zone, helping to suck air out of the vents (fig. 98).

of the craft was lacking detail compared to the rest of
the craft. The small detail that runs forward from
the fuel cap was added to integrate it with the surface
(fig. 96). It has not been decided what the secondary
cap will be used for at this stage. If possible, it could be
used to check the oil level without having to open

Though boarding the craft is envisioned to generally be
from the beach or wharf, a fold-down step ladder has
been incorporated into the stern of the craft (fig. 98).
This is in direct opposition to the results of my survey
where users said that a step ladder was not necessary,

Fig. 97

the engine hatch.
The engine hatch opens as shown in the image.
This

creates

a

large

opening

for

accessing

the engine, making maintenance less problematic.
Due to the saddle style seat, current PWC access to
the engine is limited and the engine cannot be removed
from the craft without the engine being dismantled first.

Fig. 98

The engine bay is supplied with air via two NACA ducts
tucked under the front of the floating surfaces (fig. 97).
Air vents have been hidden from view to keep a more
elegant aesthetic and to help it to remain approachable.
Having the ducts hidden also helps to keep water out of
the inside of the craft, though a baffle system will also be
used to stop water ingress should the craft be upturned.
The air in-vents are located on a forward slanting surface
to make sure they are in a high pressure zone, similarly the

Fig. 96

Fig. 99
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however, because the gap between the seats is relatively

in the PWC industry. Both Sea-Doo and Yamaha use

small I found that a place to stand was required.

black hulls for their performance models and white

Lastly, a quick aesthetic mock up of a jet unit and
the surrounding parts were added for display purposes.
The technical aspects of this part of the design still need
to be considered.

for their recreation models. I felt it particularly important
to make this visual link with this design since it could
easily be mistaken for a lower performance ski due
to the lower horsepower used.
In light of this I returned to the dark gray base colour,

4.3.5 Colour Scheme

and began looking for a colour for the floating surfaces.

I will now discuss the selected colour scheme

I settled on a metallic copper as this had a high level

of the design and how I arrived at this solution.

of contrast with the grey and was not a standard colour

Having designed the craft to be more elegant than

so would draw attention to the concept.

aggressive, I began by looking at both classic

I then began producing all of the visual presentation

and sporting colour schemes. The result was two

material for the project, only to decide that this colour

competing schemes, one blue and white, the other

scheme was also still too safe and that the dark

red and dark gray (fig. 101).

colour made it too aggressive looking (fig. 100).

Eventually I chose to go with the more classic blue

I started looking for a lighter grey colour but ended up

and white colour scheme and began producing CAD

liking how a grey blue metallic went with the copper.

renderings of the design. However, on re-examination

This was an unconventional colour choice that would

of these renders it was decided that the selected colour

add impact to my design and make it stand out.

scheme was too safe and boring choice for an original

Unfortunately, it was too late in the project to change

concept (fig. 102).

the renderings I had already completed so I had

Instead I decided a darker hull colour was needed
as

this

had

become

symbolic

of

performance

Fig. 101

to keep them the same grey colour but instead painted
the model in the final colour scheme.

Fig. 102
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4.3.6 Design Model
When I changed my project I liked the thought of
producing a full scale model of my design. Since it
would only be 3 metres long I thought this achievable.
Then Atomix Boats became involved in the project
and we began looking at the possibility of producing
a full-scale working prototype. Unfortunately, this
arrangement fell through (my arrangements with
Atomix Boats are detailed in Appendix 2).
At this stage I decided that by only doing a scale
model I would allow myself much more time to work on
the other components of my project. This would also be
a more practical solution and I felt that a scale model
would have sufficient detail to effectively communicate
the design.
The model was machined out of ABS plastic as
this was more cost-effective and durable than
rapid prototyping. ABS also allowed a high level of detail
and for thin sections such as the wing tips to be machined.
All additive parts were rapid prototyped as this provided
a high level of detail that matched up to the detail in
the CAD model.

Fig. 104
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Fig. 106

page | 73

Fig. 107

4.0 Discussion and Analysis

Fig. 108
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0 Conclusion

*65*3<:065
The aim of this project was to create a new, more efficient

allowing the roles of driver and passenger to be switched

conducted into current PWC hull forms from which

class of PWC through the application of aerodynamic lift,

quickly and easily.

a non-stepped hull design was developed before having

an examination of the current PWC paradigm and the
assessment of possible alternatives to the current designs.

I found that the main use of PWC is as a recreational
adrenalin toy and, as such, a large focus of the project

the step added. This resulted in two comparable designs
being developed, the only difference being the step.

Formal research had been carried out first through

has been on creating a craft with performance that rivals

The two designs were tested at scale using radio control

publications, physical testing and a user survey,

the market leaders. This was considered important to

so that both qualitative and quantitative characteristics

and then through the design of a craft that incorporated

the project so that consumers would view the craft as

could be assessed. Model testing was inconclusive in

the above features.

an alternative rather than a compromise or a gimmick.

terms of performance gain due to damage caused to

In assessing the current PWC paradigm it was

The use of ground effect has helped achieve these

found that there is little variation in design and that in

performance goals. Research was conducted into

comparison to other craft they exhibit poor efficiency

current mono-hull designs that use ground effect,

levels. It was hoped that this poor efficiency would

resulting in a wing design similar to Ocke Mannerfelt’s

be reduced by removing some of the heavier

design to ensure that the craft remains stable. It was

The results of testing, combined with the findings of

features that are not considered important by current

calculated that if wings of the same size were fitted to

the literature review implies that step hulls may find

PWC owners. Further reductions were made by

Yamaha’s entry level PWC, the VX, it would achieve

a new application in PWC.

employing modern manufacturing techniques that still

a top speed equal to their top of the line ski. This result

minimise labour costs.

justified the research.

I discovered that PWC are currently viewed as being

Research was conducted into stepped hulls as another

the implementation of ground effect and a stepped

anti-social and that the current general arrangement

means of improving efficiency and performance.

hull to increase performance. The craft places a heavy

did not encourage a shared user experience. From this

A literature review was conducted, resulting in a design

emphasis on providing a shared user experience

a new general arrangement was developed one that

process for single and multiple-step hull designs.

through the use of a transverse seating arrangement

uses a transverse seating arrangement, allowing more

From this it was found that a single step design was

and controls that can easily be changed from one side

user interaction during operation of the craft while also

the most suitable for the craft. Research was also

to the other.

the motor during testing. The testing that was completed
did suggest that handling would not be affected, though
further testing at full scale is needed to confirm this and
produce more reliable results.

Overall, the project has been a success, resulting in
Flux: a new class of personal watercraft based on
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Length

3000mm

Beam

2500mm

Height

956mm

Waterline

2720mm

Waterline Beam

1150mm

Capacity

2 adults (160kg)

Light Displacement

220kg

Engine

1050cc four stroke

Power

110hp

Construction

Hand laid fibreglass
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(77,5+0?79,=06<:>05.05.96<5+,--,*;9,:,(9*/(5+7961,*;690.05:
As part of my undergraduate degree I completed

I tested a range of models under Bruno’s guidance in

I came up with an alternative concept centred on

a major final year project over two semesters. The brief

the development of my final configuration. Models were

the introduction of ground effect into personal watercraft

for this project was to design a wing in ground effect craft

built out of styrene foam, plywood, and balsa wood

to increase the efficiency of the craft while still providing

to act as a tender to a large super yacht with the aim of

with lead being added to position the centre of gravity

a new user experience. I compared the two concepts

providing a fast, efficient, and comfortable transport that

and bring the model up to scale weight. The models

on several key aspects and sent the results to some

was able to access remote and shallow areas out of

were then propelled using a 10m long piece of bungee

experts for comment. The comparison and responses

the reach of the slow and large super yacht.

to give a smooth acceleration, the aim of this was to

are noted in full below.

The concept is capable of carrying four passengers and
incorporates a 4.8m rear deck that promotes interaction
with the marine environment, with two built in sun
loungers that convert to a dining area.
Propulsion is supplied by two electric ducted fans
helping to keep the noise of the craft to a minimum, giving
the craft a more refined and social user experience since
ambient noise in the cabin will be reduced to a level

find a design that would fly stably in ground effect.
In the end my final configuration weighed 850g and flew

My Comparison:

over 50m stably in ground effect, this was in line with

I started my Master’s three weeks ago but am now

results achieved by Bruno in his testing program.

having second thoughts about my project and am

I began my Master’s project looking to develop this
configuration and apply it to the personal watercraft
market with the aim of increasing the accessibility of this
unique user experience. Unfortunately, after a month

considering changing the focus. I have included my
thoughts on this below. I would be grateful, if you have
time, if you would have a read through and let me know
what you think:

into the project I realised that I would not be able to

I started out this year with the intention of designing

achieve this goal due to the poor load carrying capability

a wing in ground effect craft for the personal watercraft

Throughout the project I had a mentor, Bruno deMichelis,

of the craft. At a size of 4.5m long and 4m long

(PWC) market. However, after initial research and

who is currently developing his own wing in ground

the craft would still only be able to carry one person.

estimates I am finding that perhaps this is not a suitable

effect craft and who also developed a craft for the Italian

Due to scaling laws I would be closer to the 9.8m long craft

application for this technology and so am proposing to

Military while in college. Bruno helped me to interpret

from my previous project before I could carry the extra

change the craft to being constantly waterborne but

the results of model testing I carried out during the first

person, clearly this was not acceptable for a personal

still aerodynamically assisted, I am picturing something

half of the project.

watercraft that was meant to increase accessibility and

similar to a bat boat (see the attached image).

where casual conversation can take place.

compete with 3.5m long personal watercraft.
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My reasons for this are summarised below;
1. My main concern with the WIG concept is the lack of
load carrying capacity; although large WIGs are known
for their efficiency and ability to carry large loads this
does not equate for a smaller craft due to scaling effects.

3. In terms of comfort, because the WIG is operating clear

The HSC on the other hand would be in more direct

of the water surface it should be more comfortable

competition with jet skis. This may open up an

in operation; the HSC on the other hand will be

opportunity to look at the project as a redesign of

subjected to the impacts and vibrations associated

the jet ski, taking it back to first principles and

with operating in waves. However, the smaller wings

designing from scratch.

of the HSC will have a cushioning effect and will make

In the absolute best-case scenario my initial estimates

the craft more comfortable than a competitor product

point to a craft that will be in excess of 3.5x4m and

like a jet ski.

only able to carry one person with no cargo. I think it
is unacceptable to have a craft for only one person
to use due to the lack of ability for people to share
the experience, which would make it more appealing
to couples and families. It also raises the issue of how
to teach someone to drive the craft when it cannot be
demonstrated by being on board the craft with them.
2. This brings me to my next point: that the WIG,
by nature, will have much steeper learning curve
than the waterborne craft (HSC). This is due to
the WIG having four primary controls (roll, pitch, yaw
and throttle) as opposed to the HSC only having two
primary controls (throttle and yaw).
Given the above it is reasonable to assume that

4. The HSC will also be suitable for a wider range of

From my investigation I concluded that the WIG is
a more radical and unique concept (though I have
seen two or three concepts for WIGs of this size)
when compared to the HSC and existing products

applications. One of these is waterskiing; the 2002

in the PWC market.

National (America) Recreational Boating Survey found

the limitations and complexity of the craft may limit its

that 44.55% of people use their PWC for waterskiing

appeal and usability.

and that for 21.7% of people, this was that primary
use for the craft. To me this is too big a segment of
the market to ignore.
5. In terms of market and marketability I think the two
craft are at opposite ends of the spectrum, the WIG
would be looking at creating a niche market for itself
and would be more likely to create new customers
for the PWC market from an aeronautical background
than to convert a significant number of people from
the dominant jet ski style craft.

But I also found that

The Projects
I have also been thinking about the two concepts
in terms of individual projects and what they might
contribute to my portfolio. I feel that I already have
one WIG in my portfolio and though this provides
a nice base for me from which to start my Masters’
I am scared of my portfolio becoming too specialised
in one area.
Also, in my opinion, I think the HSC will give me more

a much wider range of people will be capable of

options in terms of styling compared to the WIG due

operating the HSC compared to the WIG.

to a (slightly) lower importance of aerodynamics.
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Responses:
Bruno deMichelis, mentor for final year project and WIG
designer.
I have read your email and I agree that if you intend to
look at the recreational market you should deepen your
knowledge about HSCs and SEPPS, which I believe to
be more viable and important that HSCs at the present
stage. Good luck and keep in touch.

To get any decent aero forces you need either wing
area or boat speed (or both). It sounds like you will be in
the big wing area box.
Are you interested in doing an inflatable, hang glider
type wing to give much greater area, for minimal weight,
along with robustness. Modern sail-kites use cheap,
low tech materials in an ingenious way to provide very
rigid, controllable flying canopies. They weigh peanuts,
develop mountains of lift and are very tough, unless you
puncture a bladder.

Richard Karn, New Zealand America’s Cup Teams

I can imagine a jet-pump powered PWC with an

1987-2000

8sqm inflated rib wing, developing about 50kg of lift at

If your WIG project was aimed at the PWC market, then
your commentary makes sense.

a boatspeed of 20 knots. This would give the craft an
airey feel, and you would be able to bounce it off waves
going into a head wind and maybe make small gliding

By the way, what does HSC stand for ?

passages. If the wing is a soft structure it should be safe,

The batboat is not as stable as I thought it would be.

even at the hands of fearless, generation Y kids.

I saw one race here recently, and it bounced and bucked

From these responses I decided to continue with the

its way around the course. It still had a tendency to chine

water based concept and abandon the full wing in

walk something shocking. (see pic)

ground effect craft.

It certainly wasn’t as stable as the big offshore
powerboats with those big wings on top of them.
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(77,5+0?(;640?)6(;:
In May, while conducting my research into stepped hull

the gear for the craft had left China with their latest

The Sea-Doo 3D I mention in the main body of

design, I met with Brett Bakewell-White, a local designer

shipment of boats. This was sometime during July.

the text was originally released with a 110hp engine that

responsible for the design of the Sleep Head offshore

I was due to meet the owner of the company, William,

was then upgraded to 130hp, so it is foreseeable that

racing catamaran. During the meeting he suggested that

in early October to finalise the agreement and sign

I can do the same with my design without making

he had a client that might be interested in my project

the contracts. This was already later than I had

any design changes. Even with this upgrade the craft

as they had recently approached them about designing

anticipated. William had to postpone our meeting twice

will have exactly half of the horsepower of the 2010

a PWC for them.

due to being held up in Australia, after that I never heard

Sea-Doo RXP-X.

The company was Atomix Boats, “production based
boat builders of a wide range of sports boats, fishing
boats, RHIBs, tenders, PWC for the international
market,” based in Glenfield with production facilities
in China.
I met Richard Cains, the sales and distribution manager,
on the 3rd of June to discuss the possibility of us
working together. He was positive about my project
and was keen for me to keep the creative control
as well as ownership of any intellectual property.
The plan was to apply for a grant through Enterprise
North Shore for the materials to build the prototype;
Atomix would be responsible for supplying the engine,
jet unit, and electric for the prototype.

from him or Richard again. At this point I had formed
the opinion that it would not be such a bad thing if
I did not complete the full size prototype as it would
allow me to concentrate on the designing the details of
the design.
Though nothing came to fruition from my dealings
with Atomix, it did have a significant impact on my
project, mainly because by the time they pulled out of
the project I was in the final stages of my clay model.
One of the main things that came out of my dealings
with Atomix was the engine I used. This was because
they had already developed an engine and jet unit,
which they supplied the drawings of. If the project was
to continue I would look at different powering option and
possibly upgrading to a 130hp engine in order to match

We got as far as discussing a 2% commission on any

the acceleration levels that the existing top of the line

craft that the company sold, and Richard said that

PWC are achieving.
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(77,5+0?,5.05,,905.
While still assuming that I would be building a full
scale prototype for Atomix Boats, I worked with
Formula Cruisers, a local builder of sports fishing boats,
to specify the fibreglass laminates for the craft.
The following is a series of spreadsheets specifying
  

the different laminates, estimating the weight of
the hull structure, and estimating the cost of producing

ϭ
Ϯ
ϯ
ϰ
ϱ

the prototype.

ŽƚƚŽŵ
ĞƐĐƌŝƉƚŝŽŶ
ϯϬϬŐŵŽĂƚůŽƚŚ
ϵϬϬŐŵŽƵďůĞŝĂƐ
ϯϬϬŐŵ<ĞǀůĂƌ
ϵϬϬŐŵŽƵďůĞŝĂƐ
ϯϬϬŐŵŽĂƚůŽƚŚ
ϯϬϬŐŵ
ŽĂƚůŽƚŚ
dŽƚĂůƐ

&ŝďƌĞǁƚй
dŚŝĐŬŶĞƐƐ;ŵŵͿ
Ϭ͘ϱϬϬ
Ϭ͘ϱϬϬ
Ϭ͘ϰϰϬ
Ϭ͘ϱϬϬ
Ϭ͘ϱϬϬ
Ϭ͘ϬϬ

dŽƚĂů>ĂŵŝŶĂƚĞtĞŝŐŚƚ
dŽƚĂů>ĂŵŝŶĂƚĞƌĞĂ

EŽ
ϭ
Ϯ
ϯ
ϰ
ϱ

dŽƉ^ŝĚĞƐ
ĞƐĐƌŝƉƚŝŽŶ
ϯϬϬŐŵŽĂƚůŽƚŚ
ϰϬϬŐŵŽƵďůĞŝĂƐ
ϰŵŵŽƌĞŵĂƚ
ϰϬϬŐŵŽƵďůĞŝĂƐ
ϯϬϬŐŵŽĂƚůŽƚŚ
dŽƚĂůƐ

/ƚĞŵ
EDĂĐŚŝŶŝŶŐ
WĂŝŶƚũŽď
ƵŝůĚŝŶŐDĂƚĞƌŝĂůƐ
WƌĞƐĞŶƚĂƚŝŽŶDĂƚĞƌŝĂůƐ
DĞĐŚĂŶŝĐĂůWĂƌƚƐ
^ĞĂƚhƉŚŽůƐƚĞƌǇ

Ψϱ͕ϬϬϬ͘ϬϬ
ΨϮ͕ϱϬϬ͘ϬϬ
Ψϯ͕Ϯϴϲ͘Ϯϰ
Ψϭ͕ϬϬϬ͘ϬϬ
ΨϲϬϬ͘ϬϬ
ΨϯϬϬ͘ϬϬ

ƚŽƚĂů

ΨϭϮ͕ϲϴϲ͘Ϯϰ
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^ĞĂƚ>ĂŵŝŶĂƚĞ

EŽ

ĞƐĐƌŝƉƚŝŽŶ
&&'ϬϲϭD
&ϰϮϬ
ŝǀŝŶǇĐĞůů,ϲϬϭϬŵŵ
&ϰϮϬ
&&'ϬϲϭD
dŽƚĂůƐ

ϭ
Ϯ
ϯ
ϰ
ϱ

&ŝďƌĞǁƚй
dŚŝĐŬŶĞƐƐ;ŵŵͿ
Ϭ͘ϱϬϬ
Ϭ͘ϱϬϬ
Ϭ͘ϰϲ
ϰ͘ϬϬ
Ϭ͘ϱϬϬ
Ϭ͘ϰϲ
Ϭ͘ϱϬϬ
ϰ͘ϵϮ
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dŽƚĂůƐ
,ƵůůWĂŶĞůƐ
,ƵůůŽƚƚŽŵ
,
ůů 
^ƚƌĂŬĞϭ
^ƚƌĂŬĞϭƐŝĚĞ
^ƚƌĂŬĞϮ
^ƚƌĂŬĞϮƐŝĚĞ
ŚŝŶĞ
dŽƉƐŝĚĞƐ
ĞŶƚƌĂůƐƚĞƌŶ
^ŝĚĞ^ƚĞƌŶ
Žǁ
^ƵďdŽƚĂů

ĞĐŬ
^ŝĚĞƐ
ZĞĂƌĞĐŬ
ŽĐŬƉŝƚĨƚ
ŽĐŬƉŝƚĨůŽŽƌ
ŽĐŬƉŝƚǁĂůů
Ŭ
ůů
&ŽŽƚƌĞƐƚƐ
&ŽƌĞĞĐŬ
ŽǁƚŽƉ
ZĞǀĞƌƐĞďŽǁ
ŶŐŝŶĞƐŝĚĞ
ŶŐŝŶĞƚŽƉ
ŶŐŝŶĞĨƚ
^ƵďdŽƚĂů

tŝŶŐƐ
dŽƉ
ŽƚƚŽŵ
ŶĚWůĂƚĞ
^ƵďdŽƚĂů

&ŝďƌĞǁƚй

dŚŝĐŬŶĞƐƐ;ŵŵͿ
Ϭ͘ϱ
Ϭ͘ϱ
Ϭ͘ϱ
Ϭ͘ϱ
Ϭ͘ϬϬ

&ůŽĂƚŝŶŐWĂŶĞů>ĂŵŝŶĂƚĞ
ĞƐĐƌŝƉƚŝŽŶ
&ŝďƌĞǁƚй
dŚŝĐŬŶĞƐƐ;ŵŵͿ
ϭ ϯϬϬŐŵŽĂƚůŽƚŚ
Ϭ͘ϱ
Ϯ ŝǀŝŶǇĐĞůů,ϲϬϭϬŵŵ
ϯ ϯϬϬŐŵŽĂƚůŽƚŚ
Ϭ͘ϱ
dŽƚĂůƐ
Ϭ͘ϬϬ
dŽƚĂů>ĂŵŝŶĂƚĞtĞŝŐŚƚ
ddŽƚĂů>ĂŵŝŶĂƚĞƌĞĂ
ƚ ů> ŝ ƚ 

ZĞŝŶĨŬŐͬŵϮ ZĞƐŝŶŬŐͬŵϮ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϭϲϯ
Ϯ͘ϬϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
ϭ͘ϯϲϯ
ϯ͘ϮϬϬ
ϰ͘ϱϲϯ
ϵ͘Ϯϯ

dŽƚĂů>ĂŵŝŶĂƚĞtĞŝŐŚƚ
dŽƚĂů>ĂŵŝŶĂƚĞƌĞĂ

EŽ

ZĞŝŶĨŬŐͬŵϮ ZĞƐŝŶŬŐͬŵϮ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϵϬϬ
Ϭ͘ϵϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϯϴϮ
Ϭ͘ϵϬϬ
Ϯ͘ϬϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
Ϯ͘ϳϬϬ
ϯ͘ϴϴϮ
ϲ͘ϱϴϮ
ϭ͘ϴϰϭ

dŽƚĂů>ĂŵŝŶĂƚĞtĞŝŐŚƚ
dŽƚĂů>ĂŵŝŶĂƚĞƌĞĂ




,WHP


EŽ

ZĞŝŶĨŬŐͬŵϮ ZĞƐŝŶŬŐͬŵϮ
Ϭ͘ϮϬϬ
Ϭ͘ϮϬϬ
Ϭ͘ϰϮϬ
Ϭ͘ϰϮϬ
Ϭ͘ϲϬϬ
Ϭ͘ϳ
Ϭ͘ϰϮϬ
Ϭ͘ϰϮϬ
Ϭ͘ϮϬϬ
Ϭ͘ϮϬϬ
ϭ͘ϴϰϬ
ϭ͘ϵϰϬ
ϯ͘ϳϴϬ
Ϭ͘ϵϵϲ

^ĞĂƚ
ĂƐĞ
ĂĐŬ
^ƵďdŽƚĂů

&ůŽĂƚŝŶŐWĂŶĞů
WĂŶĞů

^ƵďdŽƚĂů

,WHPV

3DQHO7\SH

7DSSLQJ7\SH

$UHDSHU,WHP
P

ϲϭ͘ϬϬϬ

Ϯ
Ϯ
Ϯ
Ϯ
Ϯ
Ϯ
Ϯ
ϭ
Ϯ
ϭ

7DSSLQJ/HQJWK
P

3DQHO:HLJKW
NJPð

7DSSLQJ:HLJKW
NJP

7DSSLQJ
NJ

3DQHO
NJ

ϭϰ͘Ϭϵϭ

ŽƚƚŽŵ
ŽƚƚŽŵ
ŽƚƚŽŵ
ŽƚƚŽŵ
ŽƚƚŽŵ
ŽƚƚŽŵ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
ŽƚƚŽŵ

EŽŶĞ
EŽŶĞ
EŽŶĞ
EŽŶĞ
EŽŶĞ
EŽŶĞ
:ŽŝŶ
:ŽŝŶ
:ŽŝŶ
:ŽŝŶ

ϭ͘ϭϲϴ
ϭ ϭϲϴ
Ϭ͘ϭϬϲ
Ϭ͘ϬϰϮ
Ϭ͘ϬϵϬ
Ϭ͘ϬϵϬ
Ϭ͘Ϯϲϲ
Ϭ͘ϯϮϳ
Ϭ͘ϭϭϭ
Ϭ͘Ϭϳϵ
Ϭ͘Ϭϳϵ
Ϭ͘Ϭϳϵ

ϭϴ

Ϯ
ϭ
ϭ
ϭ
Ϯ
Ϯ
Ϯ
ϭ
ϭ
Ϯ
ϭ
ϭ

$UHD
P

Ϯ͘ϯϯϲ
Ϯ
ϯϯϲ
Ϭ͘ϮϭϮ
Ϭ͘Ϭϴϰ
Ϭ͘ϭϴϬ
Ϭ͘ϭϴϬ
Ϭ͘ϱϯϮ
Ϭ͘ϲϱϰ
Ϭ͘ϭϭϭ
Ϭ͘ϭϱϴ
Ϭ͘Ϭϳϵ
Ϭ͘Ϭϳϵ

Ϭ͘ϯϯϵ
Ϭ͘ϱϯϵ
Ϭ͘ϭϱϳ
Ϭ͘ϴϴϯ
Ϭ͘Ϭϴϱ
Ϭ͘Ϯϰϱ
Ϭ͘Ϭϭϯ
Ϭ͘Ϭϭϲ
Ϭ͘Ϯϴϴ
Ϭ͘ϳϱϯ
Ϭ͘Ϯ

ϭϳ

Ϯ dŽƉ^ŝĚĞƐ
Ϯ dŽƉ^ŝĚĞƐ
Ϯ dŽƉ^ŝĚĞƐ

ϭϱ
ϭϱ͘ϯϳϱϭϯ
ϯϳϱϭϯ
ϭ͘ϯϵϱϯϰϱ
Ϭ͘ϱϱϮϴϳϯ
ϭ͘ϭϴϰϳϮϳ
ϭ͘ϭϴϰϳϮϳ
ϯ͘ϱϬϭϱϮϳ
Ϯ͘ϵϴϰϮϬϮ
Ϭ͘ϱϬϲϰϵϯ
Ϭ͘ϳϮϬϵϱϰ
Ϭ͘ϱϭϵϵϲϰ

Ϭ͘ϲ
Ϭ͘ϲϱϴ
Ϭ͘ϲϱϴ

Ϯ &ŽĂƚŝŶŐWĂŶĞů

ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ

ϯ͘Ϭϵϯϳϭϰ
Ϯ͘ϰϱϵϰϱϳ
Ϭ͘ϳϭϲϯϵϭ
ϰ͘ϬϮϵϭϮϵ
Ϭ
Ϭ͘ϳϳϱϳϭ
Ϯ͘Ϯϯϱϴϳ
Ϭ͘Ϭϱϵϯϭϵ
Ϭ͘ϬϳϯϬϬϴ
Ϯ͘ϲϮϴϮϴϴ
ϯ͘ϰϯϱϵϯϵ
Ϭ͘ϵϭϮϲ

Ϭ͘Ϯϰϴ
Ϭ͘Ϯϱ

Ϭ͘ϰϵϲ
Ϭ͘ϱϬϬ

ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ

ϱ͘ϰϳϱϲ
ϲ͘ϬϬϰϵϬϴ
ϲ͘ϬϬϰϵϬϴ

ϭ͘Ϯϱϴ

ϭ͘Ϯϱϴ

ϭϲ͘ϵϭϱϱ
ϭϲ͘ϵϭϱϱ

ϱ͘ϰϳϱϲ
ϲ͘ϬϬϰϵϬϴ
ϲ͘ϬϬϰϵϬϴ
ϭϳ͘ϰϴϱ ϭϰ͘ϰϴϰϵϲ

ϯ͘ϳϴ
ϯ͘ϳϴ

ϭ͘ϴϳϰϴϴ
ϭ͘ϴϵ

Ϭ͘ϵϵϲ

Ϭ͘ϲϮϵ

ϯ͘Ϭϵϯϳϭϰ
Ϯ͘ϰϱϵϰϱϳ
Ϭ͘ϳϭϲϯϵϭ
ϰ͘ϬϮϵϭϮϵ
Ϭ
Ϭ͘ϳϳϱϳϭ
Ϯ͘Ϯϯϱϴϳ
Ϭ͘Ϭϱϵϯϭϵ
Ϭ͘ϬϳϯϬϬϴ
Ϯ͘ϲϮϴϮϴϴ
ϯ͘ϰϯϱϵϯϵ
Ϭ͘ϵϭϮϲ
ϮϬ͘ϰϭϵϰϯ
ϮϬ͘ϰϭϵϰϯ

ϯ͘ϴϯϮ

ϭϰ

ϮϬ

ϭ͘ϮϬϬ
ϭ͘ϯϭϲ
ϭ͘ϯϭϲ

ϰϴ͘ϱϬϵ

ϭϱ
ϭϱ͘ϯϳϱϭϯ
ϯϳϱϭϯ
ϭ͘ϯϵϱϯϰϱ
Ϭ͘ϱϱϮϴϳϯ
ϭ͘ϭϴϰϳϮϳ
ϭ͘ϭϴϰϳϮϳ
ϯ͘ϱϬϭϱϮϳ
Ϯ͘ϵϴϰϮϬϮ
Ϭ͘ϱϬϲϰϵϯ
Ϭ͘ϳϮϬϵϱϰ
Ϭ͘ϱϭϵϵϲϰ
Ϯϳ͘ϵϮϱϵϰ ϭϳ͘ϭϬϴϮϴ

ϰ͘ϰϳϱ
ϰ͘ϰϳϱ

ϲ͘ϬϬϬ

Ϯ ^ĞĂƚ>ĂŵŝŶĂƚĞ
Ϯ ^ĞĂƚ>ĂŵŝŶĂƚĞ

Ϭ͘ϲϳϴ
Ϭ͘ϱϯϵ
Ϭ͘ϭϱϳ
Ϭ͘ϴϴϯ
Ϭ͘ϬϬϬ
Ϭ͘ϭϳϬ
Ϭ͘ϰϵϬ
Ϭ͘Ϭϭϯ
Ϭ͘Ϭϭϲ
Ϭ͘ϱϳϲ
Ϭ͘ϳϱϯ
Ϭ͘ϮϬϬ

7RWDO
NJ

ϳϮ͘ϳϰϭ

ϲ͘ϱϴϮ
ϲ
ϱϴϮ
ϲ͘ϱϴϮ
ϲ͘ϱϴϮ
ϲ͘ϱϴϮ
ϲ͘ϱϴϮ
ϲ͘ϱϴϮ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϰ͘ϱϲϯ
ϲ͘ϱϴϮ

ϰ͘ϱϮϲ

dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
Ě
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ
dŽƉ^ŝĚĞƐ

)LOO3DLQW
NJ

ϭ͘ϴϳϰϴϴ
ϭ͘ϴϵ
ϯ͘ϳϲϰϴϴ

Ϯ͘ϱ

ϯ͘ϭϰϱ

Ϭ

ϯ͘ϭϰϱ

ϯ͘ϭϰϱ

Ϭ

ZĞŝŶĨŬŐͬŵϮ ZĞƐŝŶŬŐͬŵϮ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
Ϭ͘ϲϬϬ
Ϭ͘ϳ
Ϭ͘ϯϬϬ
Ϭ͘ϯϬϬ
ϭ͘ϮϬϬ
ϭ͘ϯϬϬ
Ϯ͘ϱϬϬ
ϭ
ϭ͘Ϯϱϴ
Ϯϱϴ
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An online survey was conducted of personal watercraft
users from around New Zealand to assess trends in
the uses and the preferences of the users of personal
watercraft. In total 66 responses were collected with 59
of those answering every question.
The survey was designed following the methods
described by Kolb in her book; Marketing Research:

• Learn what features people look for and are most
concerned with when purchasing a new PWC.
• To establish the primary uses people have for PWC.
• Discover the motivations of the consumer to purchase
a PWC (intended use) and to compare this to
the outcomes of the purchase (or the actual use).

1. The first question simply identified the sex of
the respondent. Not surprisingly it was male
dominated. What was surprising was the extent,
with 97% of respondents being male.
2. The second question looked to establish the age of
the market. I already had results from an American
survey which suggested that the average PWC

A Practical Approach. This allowed me to gain
meaningful data on all but a few of my questions.
Kolb (2008) also presents methods on how to code
multiple choice answers to allow me quantitatively
assess the results and give more credibility to the results.
The following is a presentation of the survey;
the questions that were asked and the results of these,
where appropriate graphs have been included along
with the raw results.
The first step in the process was to identify the aims of
the research, these were:
• Assess preferences new PWC buyers.
• Gain insight into the consumers’ decision making and
buying habits.
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user was over 40 (PWIA), but needed this question
to give meaning to the rest of my results. Of the 66
respondents who answered this question 39.4%
were aged 30-39 years and 18.2% were 40-49.
This suggests an older market base than one might
expect from this type of recreational vehicle, but this
may have something to do with the price of the craft.
3. This question looked to establish how many craft
people were likely to own, 50% of respondents
owned one PWC with no one owning more than five
craft. This suggests that people were unlikely to buy
a secondary craft so I could not design mine as such,
it had to be able to compete with existing craft and
be viewed as an alternative and not a compromise.
4. This question looked to establish if there were any
particular models or years that were particularly
popular among respondents. The results were
varied, suggesting plenty of variety in the models
people purchased.
5. In this question I was looking to see how
many respondents bought their craft brand new,
the purpose of this was to gauge the size of
the new craft market. It was found that over
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half (55.7%) bought their craft second hand. In reality

9. The

aim

of

this

question

was

to

quantify

I was at first surprised that handling was more

not a lot of insight was gained from this question but

the number of people using a single PWC at one

important

it is an interesting statistic nonetheless.

time. However, I failed to specify this is in

but considering the large number of aftermarket

the question, making the results of this question

bolt-on parts to help these and the difficulty in

reasonably redundant.

changing the handling characteristics of a poorly

6. This question asked the respondents how many years
they had been regularly riding PWC. It was surprising
that there was a trough between people who had
been riding for more than 10 years and those who
had only been riding for 2 or 3 years.

10. This question did not have any significant impact on
my design.

than

acceleration

or

top

speed,

designed hull this is not that surprising. The fact that
the horsepower rating is valued so highly is one of
the reasons for this project. Consumers should be

11. The aim of this question was to find out what people

7. This was one of the most important and fruitful

were looking for when they purchase a PWC.

questions of the survey, the aim of this question was

Again a point scale was used ranging from

to identify what people were using their PWC for.

0 to 3, with the mean answers being graphed.

putting more focus on what they get out of the craft
not the size of the engine that goes into it.

Answers were given a point scale ranging from 0 for
never, to 3 if that was all they ever used it for with
the means being graphed. The results of this made
me focus on the use of the craft as a recreational
adrenaline toy.
8. A major effect on the design is the conditions in
which it will be used. I found that the most common
location was on a lake. Surf was also popular due to
the number of respondents who were pole ski riders.
The results of this question were reasonably spread
suggesting that the craft would likely encounter
a large variety of conditions.

Fig. 129
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12. This question looked to see if there was
a dominant brand in the market. The results were
not that surprising.
13. The reasons people were loyal to particular brands
was varied and but reasonably standard. There was
no one thing that seemed to have more importance
than anything else.
14. This was another one of the more significant
and insightful questions of the survey. The goal of
this question was to assess which feature users
thought were important and those that were not
needed.

It also looked at gauging the overall

importance consumers placed on the additional
features of their craft. Overall I found that there
was not a high importance placed on the additional
features, particularly the heavier, more recently
added, features.
15. The aim of this question was to assess if there was

Fig. 131

a current model that was significantly more popular
than anything else, and why that was. Results were
widespread, but with no conclusive results showing
that any particular model was more popular than
the rest.
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The aim of the model testing was to assess

wood and sealed with fiberglass and epoxy, this gave

During testing of the first model the electronics were

the performance of a stepped hull design in comparison

a strong, water tight structure that was cost effective

completely submerged in water, at first this had no

to a conventional PWC hull. Radio control was selected

and provided a reasonably accurate representation

effect on the performance of the model. However,

so that qualitative aspects, such as handling, could be

of the intended hull form. The electronics were then

after leaving the model to sit the motor seized. I was

assessed as well as outright performance.

installed into the hull, the model was bought up to

able to free it but the performance was not the same.

the scale weight and the centre of gravity tweaked using

This cancelled out any comparison of acceleration or

strips of lead.

speed between the two craft.

This resulted in an electric motor, lithium polymer batteries,

Testing of the model consisted of a series of straight

From this point I decided to cancel any further testing,

miniature jet unit, and data recorder being purchased.

line drags as well as testing the cornering and handling

as it was not a pivotal point of my research and I had

characteristics. Data from the GPS was then collected

already spent more time on it than I had originally allowed

and entered into a spreadsheet so that the acceleration

for in my timeline. The testing was not a complete

of the model could be calculated.

failure. Even though I cannot quantify the results I can

Research was conducted into radio control equipment
to ensure that the target speed was achievable.

The data recorder consisted of a central recording
unit with plug-in modules that measured the RPM of
the motor, throttle level, GPS location and speed,
and the charge of the batteries.
The test site was an adequately large pond beside Lake
Pupuke in Takapuna, Auckland. The pond is flanked by
a large cliff on one side allowing for sheltered conditions
for testing. A pond was selected as it did not add any
inconsistency into the result from currents or tides.

During testing of the initial model I noticed significant
variance in the performance figures between tests.
This was attributed to slight variances in the surface
conditions of the pond. Because of the scale
of the model the smallest ripples on the surface of
the pond would lead to significant speed.

A pool was also considered but access to a pool large

I pushed on with the testing hoping to get results in ideal

enough for the model was not available.

conditions with both models. It was decided to modify

A scale of 2/9th was selected based on selecting a scale
weight that would allow the model to reach the target
scale speed. The model was constructed from balsa

the original model to incorporate the step to eliminate
any variance in results arising from differences in
the handmade hulls.

report that the stepped hull design did not display any
of the adverse characteristics that have been associated
with poor design in the literature. This, combined with
the literature unanimously reporting that a stepped hull
will display better performance than a non stepped
hull, made me decide to use the stepped hull in my
final concept.
From here I would like to construct a full scale prototype
to eliminate scaling factors, it is foreseeable to construct
a hull that could easily be changed from a stepped hull
to a more traditional hull shape.
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ĂƐŝĐ
DĂŬĞ
DŽĚĞů
^ƚǇůĞ
WƌŝĐĞ;h^ΨͿ
ŝŵĞŶƐŝŽŶƐ
>ĞŶŐƚŚ;ŵͿ
tŝĚƚŚ;ŵͿ
tŝĚƚŚ
; Ϳ
,ĞŝŐŚƚ;ŵͿ
ŝƐƉůĂĐĞŵĞŶƚ;ŬŐͿ
ZŝĚĞƌĂƉĂĐĂŝƚǇ
&ƵĞůĂƉĂĐŝƚǇ;ůͿ
^ƚŽƌĂŐĞĂƉĂĐŝƚǇ;ůͿ
ŶŐŝŶĞ
,ŽƌƐĞƉŽǁĞƌ
ŝƐƉůĂĐĞŵĞŶƚ
/ŶĚƵĐƚŝŽŶ
^ƚƌŽŬĞ
WŽǁĞƌͬtĞŝŐŚƚ
ƌŝǀĞhŶŝƚ
/ŵƉĞůůĞƌĚŝĂ͘
/ŵƉĞůůĞƌŵĂƚĞƌŝĂů
WĞƌĨŽƌŵĂŶĐĞ
dŽƉ^ƉĞĞĚ;DW,Ϳ
^
Ě ;DW,Ϳ
ĐĐĞůĞƌĂƚŝŽŶ;ϬͲϯϬͿ
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^ĞĂĚŽŽ
ZydͲy
DƵƐĐůĞĐƌĂĨƚ
Ψϭϯ͕ϲϵϵ͘ϬϬ

ϯ͘ϯϭ
ϭ ϮϮ
ϭ͘ϮϮ
ϭ͘ϮϬ
ϯϲϱ
ϯ
ϲϬ
ϭϭϮ͘ϭ

^ĞĂĚŽŽ
'dy>ŝŵŝƚĞĚ/^
>ƵǆƵƌǇWĞƌĨŽƌŵ
Ψϭϲ͕ϰϵϵ͘ϬϬ

zĂŵĂŚĂ
&y^,K

<ĂǁĂƐĂŬŝ
hůƚƌĂϮϱϬy

ΨϭϮ͕ϱϵϵ͘ϬϬ

ΨϭϮ͕ϱϵϵ͘ϬϬ

Ψϭϭ͕ϲϵϵ͘ϬϬ

ϯ͘ϯϳ
ϭ
ϭ͘Ϯϯ
Ϯϯ
ϭ͘ϭϲ
ϯϲϲ
Ϯ
ϳϬ
ϴϬ͘ϲ

ϯ͘ϯϳ
ϭ Ϯϯ
ϭ͘Ϯϯ
ϭ͘ϭϲ
ϯϳϲ
ϯ
ϳϬ
ϭϬϬ

Ϯϱϱ
Ϯϱϱ
ϮϭϬ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϴϭϮ
ƐƵƉĞƌĐŚĂƌŐĞĚ
ƐƵƉĞƌĐŚĂƌŐĞĚ
ƐƵƉĞƌĐŚĂƌŐĞĚ
ϰ
ϰ
ϰ
Ϭ͘ϳϬ
Ϭ͘ϱϵ
Ϭ͘ϱϳ

ϮϭϬ
ϭϴϭϮ

ϭϱϱ
^ͬ^ϯďůĂĚĞ

ϲϴ
ϲϴ͘ϯ
ϯ
ϭ͘ϱ

ϯ͘ϱϰ
ϭ ϮϮ
ϭ͘ϮϮ
ϭ͘Ϯϴ
ϰϯϬ
ϯ
ϳϬ
ϲϮ

zĂŵĂŚĂ
&Z

ϭϱϱ
^ͬ^ϯďůĂĚĞ

ϯ͘ϯϳ
ϭ
ϭ͘ϭϵ
ϭϵ
ϭ͘ϭϱ
ϰϭϲ
ϯ
ϵϯ͘ϲ
ϮϰϬ

<ĂǁĂƐĂŬŝ
hůƚƌĂϮϲϬy
DƵƐĐůĞĐƌĂĨƚ
Ψϭϭ͕ϵϵϵ͘ϬϬ

ϯ͘ϯϳ
ϭ
ϭ͘ϭϵ
ϭϵ
ϭ͘ϭϱ
ϰϭϲ
ϯ
ϵϯ͘ϲ
ϮϰϬ

,ŽŶĚĂ
,^ZͲĞŶĞůůŝ
ƋƵĂƚƌĂǆ&Ͳϭϱy ^ĞƌŝĞƐZZĂĐĞĞĚ
DƵƐĐůĞĐƌĂĨƚ
DƵƐĐůĞĐƌĂĨƚ
Ψϭϯ͕ϵϵϵ͘ϬϬ
ΨϮϲ͕ϯϯϱ͘ϬϬ

ϯ͘ϰϬ
ϭ
ϭ͘Ϯϱ
Ϯϱ
ϭ͘Ϭϴ
ϰϯϲ
ϯ
ϴϰ
ϭϬ

ϯ͘Ϯϯ
ϭ
ϭ͘ϮϬ
ϮϬ
ϭ͘Ϭϯ
ϯϮϴ
ϯ
ϴϳ

ϮϱϬ
ϮϲϬ
ϭϵϳ
ϯϰϮ
ϭϰϵϴ
ϭϰϵϴ
ϭϰϳϬ
ϮϮϲϬ
ƐƵƉĞƌĐŚĂƌŐĞĚ ƐƵƉĞƌĐŚĂƌŐĞĚ ƚƵƌďŽĐŚĂƌŐĞĚ
ϰ
ϰ
ϰ
ϰ sϲϰƐƚƌŽŬĞ
Ϭ͘ϱϲ
Ϭ͘ϲϬ
Ϭ͘ϲϯ
ϲϱ͘ϬϬ
ϭ͘Ϭϰ

ϭϱϱ
^ͬ^ϯďůĂĚĞ

ϭϱϱ
^ͬ^ϯďůĂĚĞ

ϭϱϱ
ϯůĂĚĞ^ͬ^

ϭϱϱ
ϯůĂĚĞ^ͬ^

ϭϱϱ
^ͬ^ϯďůĂĚĞ

ϭϱϱ
^ͬ^ϯďůĂĚĞ

ϲϴ
ϭ͘ϵ

ϲϳ
ϲϳ͘ϰ
ϰ
хϮ

хϲϱ
ϲϱ
фϮ

ϲϵ
ϭ͘ϴ

ϲϱ

ϵϬ
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2009 Sea-Doo Models
ĂƐŝĐ
DĂŬĞ
DŽĚĞů
^ƚǇůĞ
WƌŝĐĞ;h^ΨͿ

^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
^ĞĂĚŽŽ
'dy>ŝŵŝƚĞĚ/^
'dyϮϭϱ
'dyϭϱϱ
Zyd/^
ZydͲy
Zyd
ZyWͲy
ZyW
'd/^ϭϱϱ
'd/^ϭϯϬ
'd/ϭϯϬ
tĂŬĞWƌŽϮϭϱ tĂŬĞϭϱϱ
>ƵǆƵƌǇWĞƌĨŽƌŵĂŶĐĞ >ƵǆƵƌǇWĞƌĨŽƌŵĂŶĐĞ >ƵǆƵƌǇWĞƌĨŽƌŵĂŶĐĞ DƵƐĐůĞĐƌĂĨƚ
DƵƐĐůĞĐƌĂĨƚ
DƵƐĐůĞĐƌĂĨƚ
DƵƐĐůĞĐƌĂĨƚ
DƵƐĐůĞĐƌĂĨƚ
ZĞĐƌĞĂƚŝŽŶĂů
ZĞĐƌĞĂƚŝŽŶĂů
ZĞĐƌĞĂƚŝŽŶĂů
^ƉŽƌƚ
^ƉŽƌƚ
ΨϭϬ͕ϲϵϵ͘ϬϬ
Ψϭϰ͕ϵϵϵ͘ϬϬ
Ψϭϯ͕ϲϵϵ͘ϬϬ
Ψϭϭ͕ϵϵϵ͘ϬϬ
Ψϭϯ͕ϯϵϵ͘ϬϬ
Ψϭϭ͕ϵϵϵ͘ϬϬ
Ψϵ͕ϲϵϵ͘ϬϬ
Ψϴ͕ϲϵϵ͘ϬϬ
Ψϳ͕ϳϵϵ͘ϬϬ
ΨϭϮ͕ϵϵϵ͘ϬϬ
Ψϵ͕ϵϵϵ͘ϬϬ
Ψϭϲ͕ϰϵϵ͘ϬϬ
Ψϭϭ͕ϵϵϵ͘ϬϬ

ŝŵĞŶƐŝŽŶƐ
Ő
>ĞŶŐƚŚ;ŵͿ
tŝĚƚŚ;ŵͿ
,ĞŝŐŚƚ;ŵͿ
ŝƐƉůĂĐĞŵĞŶƚ;ŬŐͿ
ZŝĚĞƌĂƉĂĐĂŝƚǇ
&ƵĞůĂƉĂĐŝƚǇ;ůͿ
^ƚŽƌĂŐĞĂƉĂĐŝƚǇ;ůͿ

ϯ͘ϱϯϱ
ϭ͘ϮϮϰ
ϭ͘Ϯϳϳ
ϰϯϬ
ϯ
ϳϬ
ϲϮ

ϯ͘ϯϭ
ϭ͘ϮϮ
ϭ͘Ϯ
ϯϲϰ
ϯ
ϲϬ
ϭϮϵ͘ϴ

Ϯϱϱ
ϭϰϵϯ͘ϴ

Ϯϭϱ
ϭϰϵϯ͘ϴ

ϯ͘ϯϭ
ϭ͘ϮϮ
ϭ͘Ϯ
ϯϱϱ
ϯ
ϲϬ
ϭϮϵ͘ϴ

ϯ͘ϱϯϱ
ϭ͘ϮϮϰ
ϭ͘Ϯϳϳ
ϰϯϬ
ϯ
ϳϬ
ϲϮ

ϯ͘ϯϭ
ϭ͘ϮϮ
ϭ͘Ϯ
ϯϲϱ
ϯ
ϲϬ
ϭϭϮ͘ϭ

ϯ͘ϯϭ
ϭ͘ϮϮ
ϭ͘Ϯ
ϯϲϲ
ϯ
ϲϬ
ϭϭϴ͘ϵ

ϯ͘Ϭϳ
ϭ͘ϮϮ
ϭ͘ϭϲ
ϯϱϭ
Ϯ
ϲϬ
ϰϬ͘ϯ

ϯ͘Ϭϳ
ϭ͘ϮϮ
ϭ͘ϭϴ
ϯϱϯ
Ϯ
ϲϬ
ϰϬ͘ϯ

ϯ͘ϮϮϱ
ϭ͘Ϯϰϱ
ϭ͘ϭϳ
ϯϯϴ
ϯ
ϲϬ
ϰϲ͘ϴ

ϯ͘ϮϮϱ
ϭ͘Ϯϰϱ
ϭ͘ϭϳ
ϯϯϴ
ϯ
ϲϬ
ϰϲ͘ϴ

ϯ͘ϮϮϱ
ϭ͘Ϯϰϱ
ϭ͘ϭϳ
ϯϯϯ
ϯ
ϲϬ
ϰϲ͘ϴ

ϯ͘ϯϭ
ϭ͘ϮϮ
ϭ͘Ϯ
ϯϴϰ
ϯ
ϲϬ
ϭϮϵ͘ϴ

ϯ͘ϮϮϱ
ϭϮϰ͘ϱ
ϭ͘ϭϳ
ϯϯϵ
ϯ
ϲϬ
ϰϲ͘ϴ

ŶŐŝŶĞ
,ŽƌƐĞƉŽǁĞƌ
ŝƐƉůĂĐĞŵĞŶƚ
ŝƐƉůĂĐĞŵĞŶƚ
/ŶĚƵĐƚŝŽŶ
^ƚƌŽŬĞ
WŽǁĞƌͬtĞŝŐŚƚ

ϭϱϱ
Ϯϱϱ
Ϯϱϱ
Ϯϭϱ
Ϯϱϱ
Ϯϭϱ
ϭϱϱ
ϭϯϬ
ϭϯϬ
Ϯϭϱ
ϭϱϱ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ϭϰϵϯ͘ϴ
ƐƵƉĞƌĐŚĂƌŐĞĚ
ƐƵƉĞƌĐŚĂƌŐĞĚ
EŽƌŵĂůůǇƐƉŝƌĂƚĞĚ
ƐƵƉĞƌĐŚĂƌŐĞĚ ƐƵƉĞƌĐŚĂƌŐĞĚ
ƐƵƉĞƌĐŚĂƌŐĞĚ ƐƵƉĞƌĐŚĂƌŐĞĚ ƐƵƉĞƌĐŚĂƌŐĞĚ EŽƌŵĂůůǇƐƉŝƌĂƚĞĚ EŽƌŵĂůůǇƐƉŝƌĂƚĞĚ EŽƌŵĂůůǇƐƉŝƌĂƚĞĚ ƐƵƉĞƌĐŚĂƌŐĞĚ EŽƌŵĂůůǇƐƉŝƌĂƚĞĚ
ϰ
ϰ
ϰ
ϰ
ϰ
ϰ
ϰ
ϰ
ϰ
ϰ
ϰ
ϰ
ϰ
Ϭ͘ϱϵϯϬϮϯϮϱϲ
Ϭ͘ϱϵϬϲϱϵϯϰϭ
Ϭ͘ϰϯϲϲϭϵϳϭϴ
Ϭ͘ϱϵϯϬϮϯϮϱϲ
Ϭ͘ϲϵϴϲϯϬϭϯϳ
Ϭ͘ϱϴϳϰϯϭϲϵϰ
Ϭ͘ϳϮϲϰϵϱϳϮϲ
Ϭ͘ϲϬϵϬϲϱϭϱϲ
Ϭ͘ϰϱϴϱϳϵϴϴϮ
Ϭ͘ϯϴϰϲϭϱϯϴϱ
Ϭ͘ϯϵϬϯϵϬϯϵ
Ϭ͘ϱϱϵϴϵϱϴϯϯ
Ϭ͘ϰϱϳϮϮϳϭϯϵ

ƌŝǀĞhŶŝƚ
/ŵƉĞůůĞƌĚŝĂ͘
/ŵƉĞůůĞƌŵĂƚĞƌŝĂů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

WĞƌĨŽƌŵĂŶĐĞ
dŽƉ^ƉĞĞĚ;DW,Ϳ
ĐĐĞůĞƌĂƚŝŽŶ

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

ϲϱ

^ƚĂŝŶůĞƐƐ^ƚĞĞů

ϲϴ͘ϯ
ϬͲϯϬDW,ŝŶϭ͘ϱƐĞĐƐ

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

^ƚĂŝŶůĞƐƐ^ƚĞĞů

ϲϱ
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2009 Yamaha Models
ĂƐŝĐ
DĂŬĞ
DŽĚĞů
^ƚǇůĞ
WƌŝĐĞ;h^ΨͿ

zĂŵĂŚĂ
&Z

zĂŵĂŚĂ
&yƌƵŝƐĞƌ,K

zĂŵĂŚĂ
sy

zĂŵĂŚĂ
syƌƵŝƐĞƌ

zĂŵĂŚĂ
syĞůƵǆĞ

zĂŵĂŚĂ
sy^ƉŽƌƚ

zĂŵĂŚĂ
syϳϬϬ

zĂŵĂŚĂ
^ƵƉĞƌũĞƚ

Ψϭϭ͕ϯϵϵ͘ϬϬ

ΨϭϮ͕ϱϵϵ͘ϬϬ

ΨϭϮ͕ϴϵϵ͘ϬϬ

Ψϳ͕ϲϵϵ͘ϬϬ

Ψϴ͕ϲϵϵ͘ϬϬ

Ψϴ͕Ϯϵϵ͘ϬϬ

Ψϳ͕ϴϵϵ͘ϬϬ

ϯ͘ϯϳ
ϭ͘Ϯϯ
ϭ͘ϭϲ
ϯϲϲ
Ϯ
ϳϬ
ϴϬ͘ϲ

ϯ͘ϯϰ
ϭ͘Ϯϯ
ϭ͘Ϯϰ
ϯϲϱ
ϯ
ϳϬ
ϭϬϬ

ϯ͘ϯϳ
ϭ͘Ϯϯ
ϭ͘Ϯϰ
ϯϴϭ
ϯ
ϳϬ
ϭϬϬ

ϯ͘ϯϳ
ϭ͘Ϯϯ
ϭ͘ϭϲ
ϯϲϬ
ϯ
ϳϬ
ϭϬϬ

ϯ͘ϯϳ
ϭ͘Ϯϯ
ϭ͘ϭϲ
ϯϳϲ
ϯ
ϳϬ
ϭϬϬ

ϯ͘ϯϳ
ϭ͘Ϯϯ
ϭ͘ϭϲ
ϯϲϵ
ϯ
ϳϬ
ϴϬ͘ϲ

ϯ͘ϮϮ
ϭ͘ϭϳ
ϭ͘ϭϱ
ϯϭϵ
ϯ
ϲϬ
ϳϬ͘ϴ

ϯ͘ϮϮ
ϭ͘ϭϳ
ϭ͘ϭϱ
ϯϮϯ
ϯ
ϲϬ
ϳϬ͘ϴ

ϯ͘ϮϮ
ϭ͘ϭϳ
ϭ͘ϭϱ
ϯϮϮ
ϯ
ϲϬ
ϳϬ͘ϴ

ϯ͘ϮϮ
ϭ͘ϭϳ
ϭ͘ϭϱ
ϯϭϵ
ϯ
ϲϬ
ϳϬ͘ϴ

ϯ͘ϮϮ
ϭ͘ϭϳ
ϭ͘ϭϱ
Ϯϴϯ
ϯ
ϱϬ
ϳϬ͘ϱ

Ϯ͘Ϯϰ
Ϭ͘ϲϴ
Ϭ͘ϲϲ
ϭϯϮ
ϭ
ϭϴ

ϭϴϭϮ

ϭϴϭϮ

ϭϴϭϮ

ϭϴϭϮ

ϭϴϭϮ

ϭϭϬ
ϭϬϱϮ

ϭϬϱϮ

ϭϬϱϮ

ϭϬϱϮ

ϳϯ
ϳϬϬ

ϳϯ
ϳϬϬ

ϰ
Ϭ͘ϬϬ

ϰ
Ϭ͘ϬϬ

ϰ
Ϭ͘ϬϬ

ϰ
Ϭ͘ϬϬ

ϰ
Ϭ͘ϬϬ

ϰ
Ϭ͘ϯϰ

ϰ
Ϭ͘ϬϬ

ϰ
Ϭ͘ϬϬ

ϰ
Ϭ͘ϬϬ

ƌŝǀĞhŶŝƚ
/ŵƉĞůůĞƌĚŝĂ͘
/ŵƉĞůůĞƌŵĂƚĞƌŝĂů

^ͬ^ϯďůĂĚĞ

Appendices

zĂŵĂŚĂ
&^

Ψϭϯ͕ϭϵϵ͘ϬϬ

ϮϭϬ
ϭϴϭϮ
^ƵƉĞƌĐŚĂƌŐĞĚ
ϰ
Ϭ͘ϱϳ
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zĂŵĂŚĂ
&y^,K

Ψϭϭ͕ϴϵϵ͘ϬϬ

ŶŐŝŶĞ
,ŽƌƐĞƉŽǁĞƌ
ŝƐƉůĂĐĞŵĞŶƚ
ŝƐƉůĂĐĞŵĞŶƚ
/ŶĚƵĐƚŝŽŶ
^ƚƌŽŬĞ
WŽǁĞƌͬtĞŝŐŚƚ

Ψϳ͕ϭϵϵ͘ϬϬ

Eͬ

ϭϱϱ

фϳϬ

zĂŵĂŚĂ
&y,K

ΨϭϮ͕ϱϵϵ͘ϬϬ

ŝŵĞŶƐŝŽŶƐ
>ĞŶŐƚŚ;ŵͿ
Ő
tŝĚƚŚ;ŵͿ
,ĞŝŐŚƚ;ŵͿ
ŝƐƉůĂĐĞŵĞŶƚ;ŬŐͿ
ZŝĚĞƌĂƉĂĐĂŝƚǇ
&ƵĞůĂƉĂĐŝƚǇ;ůͿ
^ƚŽƌĂŐĞĂƉĂĐŝƚǇ;ůͿ

WĞƌĨŽƌŵĂŶĐĞ
dŽƉ^ƉĞĞĚ
ĐĐĞůĞƌĂƚŝŽŶ

zĂŵĂŚĂ
&yƌƵŝƐĞƌ^,K

ϭϱϱ
^ͬ^ϯďůĂĚĞ

ϭϱϱ
^ͬ^ϯďůĂĚĞ

Eͬ
Ϯ
Ϭ͘Ϯϲ

Ϯ
Ϭ͘ϱϱ

ϭϱϱ
ϭϱϱ
ϭϱϱ
ϭϱϱ
ϭϱϱ
ϭϱϱ
ϭϱϱ
ϭϱϱ
ϭϰϰ
^ͬ^ϯďůĂĚĞ ^ͬ^ϯďůĂĚĞ ^ͬ^ϯďůĂĚĞ ^ͬ^ϯďůĂĚĞ ^ͬ^ϯďůĂĚĞ ^ͬ^ϯďůĂĚĞ ^ͬ^ϯďůĂĚĞ ^ͬ^ϯďůĂĚĞ ^ͬ^ϯďůĂĚĞ

ϲϮ

ϲϳ͘ϰ
ϬͲϯϬŝŶхϮ

2009 Kawasaki Models
ĂƐŝĐ
DĂŬĞ
DŽĚĞů
^ƚǇůĞ
WƌŝĐĞ;h^ΨͿ
ŝŵĞŶƐŝŽŶƐ
Ő
>ĞŶŐƚŚ;ŵͿ
tŝĚƚŚ;ŵͿ
,ĞŝŐŚƚ;ŵͿ
ŝƐƉůĂĐĞŵĞŶƚ;ŬŐͿ
ZŝĚĞƌĂƉĂĐĂŝƚǇ
&ƵĞůĂƉĂĐŝƚǇ;ůͿ
^ƚŽƌĂŐĞĂƉĂĐŝƚǇ;ůͿ

2009 Honda Models

<ĂǁĂƐĂŬŝ
hůƚƌĂϮϱϬy

<ĂǁĂƐĂŬŝ
hůƚƌĂϮϲϬ>y

<ĂǁĂƐĂŬŝ
hůƚƌĂϮϲϬy

<ĂǁĂƐĂŬŝ
hůƚƌĂ>y

<ĂǁĂƐĂŬŝ
^yͲZ

Ψϭϭ͕ϲϵϵ͘ϬϬ

ΨϭϮ͕Ϯϵϵ͘ϬϬ

Ψϭϭ͕ϵϵϵ͘ϬϬ

ΨϭϬ͕Ϭϵϵ͘ϬϬ

ϯ͘ϯϳϭ
ϭ͘ϭϵϰ
ϭ͘ϭϱ
ϰϭϱ͘ϵϯ
ϯ
ϵϯ͘ϲ
ϮϰϬ

ϯ͘ϯϳϭ
ϭ͘ϭϵϰ
ϭ͘ϭϱ
ϰϭϱ͘ϵϯ
ϯ
ϵϯ͘ϲ
ϮϰϬ

ϯ͘ϯϳϭ
ϭ͘ϭϵϰ
ϭ͘ϭϱ
ϰϭϱ͘ϵϯ
ϯ
ϵϯ͘ϲ
ϮϰϬ

ϯ͘ϯϳϭ
ϭ͘ϭϵϰ
ϭ͘ϭϱ
ϯϳϳ͘Ϯϳ
ϯ
ϵϯ͘ϲ
ϮϰϬ

Ϯ͘Ϯϴ
Ϭ͘ϳϱ
Ϭ͘ϳ
ϭϱϵ
ϭ
ϭϴ
Ϭ

ĂƐŝĐ
DĂŬĞ
DŽĚĞů
^ƚǇůĞ
WƌŝĐĞ;h^ΨͿ
ŝŵĞŶƐŝŽŶƐ
>ĞŶŐƚŚ;ŵͿ
Ő
tŝĚƚŚ;ŵͿ
,ĞŝŐŚƚ;ŵͿ
ŝƐƉůĂĐĞŵĞŶƚ;ŬŐͿ
ZŝĚĞƌĂƉĂĐĂŝƚǇ
&ƵĞůĂƉĂĐŝƚǇ;ůͿ
^ƚŽƌĂŐĞĂƉĂĐŝƚǇ;ůͿ

ŶŐŝŶĞ
,ŽƌƐĞƉŽǁĞƌ
ŝƐƉůĂĐĞŵĞŶƚ
ŝƐƉůĂĐĞŵĞŶƚ
/ŶĚƵĐƚŝŽŶ
^ƚƌŽŬĞ
WŽǁĞƌͬtĞŝŐŚƚ

ϮϱϬ
ϮϲϬ
ϮϲϬ
ϴϬ
ϭϰϵϴ
ϭϰϵϴ
ϭϰϵϴ
ϭϰϵϴ
ϴϬϬ
^ƵƉĞƌĐŚĂƌŐĞƌ ^ƵƉĞƌĐŚĂƌŐĞƌ ^ƵƉĞƌĐŚĂƌŐĞƌ EĂƚƵƌĂůƐƉŝƌĂƚŝŽŶ Eͬ
ϰ
ϰ
ϰ
ϰ
Ϯ
Ϭ Ϭ͘ϱϬϯϭϰϱ
Ϭ͘ϲϬϭϬϲϮϲϳϵ Ϭ͘ϲϮϱϭϬϱϭϴϲ Ϭ͘ϲϮϱϭϬϱϭϴϲ

ŶŐŝŶĞ
,ŽƌƐĞƉŽǁĞƌ
ŝƐƉůĂĐĞŵĞŶƚ
ŝƐƉůĂĐĞŵĞŶƚ
/ŶĚƵĐƚŝŽŶ
^ƚƌŽŬĞ
WŽǁĞƌͬtĞŝŐŚƚ

ƌŝǀĞhŶŝƚ
/ŵƉĞůůĞƌĚŝĂ͘
/ŵƉĞůůĞƌŵĂƚĞƌŝĂů

ϭϱϱ
ϭϱϱ
ϭϱϱ
ϯůĂĚĞ^ͬ^
ϯůĂĚĞ^ͬ^
ϯůĂĚĞ^ͬ^
ϯůĂĚĞ^ͬ^

ƌŝǀĞhŶŝƚ
/ŵƉĞůůĞƌĚŝĂ͘
/ŵƉĞůůĞƌŵĂƚĞƌŝĂů

WĞƌĨŽƌŵĂŶĐĞ
dŽƉ^ƉĞĞĚ;DW,Ϳ
ĐĐĞůĞƌĂƚŝŽŶ

хϲϱ
ϬͲϯϬŝŶфϮ

ϲϵ
ϬͲϯϬŝŶϭ͘ϴ

ϭϱϱ

WĞƌĨŽƌŵĂŶĐĞ
dŽƉ^ƉĞĞĚ
ĐĐĞůĞƌĂƚŝŽŶ

,ŽŶĚĂ
ƋƵĂdƌĂǆ&Ͳϭϱ

,ŽŶĚĂ
ƋƵĂƚƌĂǆ&Ͳϭϱy

ΨϭϮ͕ϵϵϵ͘ϬϬ

Ψϭϯ͕ϵϵϵ͘ϬϬ

ϯ͘ϰ
ϭ͘Ϯϰϱ
ϭ͘Ϭϴ
ϰϮϯ

ϯ͘ϰ
ϭ͘Ϯϰϱ
ϭ͘Ϭϴ
ϰϯϲ

ϴϰ
ϭϬϱ

ϴϰ
ϭϬ

ϭϱϯ
ϭϵϳ
ϭϰϳϬ
ϭϰϳϬ
EĂƚƵƌĂůƐƉŝƌĂƚŝŽŶ dƵƌďŽŚĂƌŐĞĚ
ϰ
ϰ
Ϭ͘ϰϱϭϴϯϰϴϲϮ
Ϭ͘ϯϲϭϳϬϮϭϮϴ

ϭϱϱ

ϭϱϱ

ϱϳ

ϲϱ
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2009 HSR-Benelli Models
ĂƐŝĐ
DĂŬĞ
DŽĚĞů
^ƚǇůĞ
WƌŝĐĞ;h^ΨͿ
ŝŵĞŶƐŝŽŶƐ
Ő
>ĞŶŐƚŚ;ŵͿ
tŝĚƚŚ;ŵͿ
,ĞŝŐŚƚ;ŵͿ
ŝƐƉůĂĐĞŵĞŶƚ;ŬŐͿ
ZŝĚĞƌĂƉĂĐĂŝƚǇ
&ƵĞůĂƉĂĐŝƚǇ;ůͿ
^ƚŽƌĂŐĞĂƉĂĐŝƚǇ;ůͿ
ŶŐŝŶĞ
,ŽƌƐĞƉŽǁĞƌ
ŝƐƉůĂĐĞŵĞŶƚ
ŝƐƉůĂĐĞŵĞŶƚ
/ŶĚƵĐƚŝŽŶ
^ƚƌŽŬĞ
WŽǁĞƌͬtĞŝŐŚƚ

2009 Surfango Models

,^ZͲĞŶĞůůŝ
,^ZͲĞŶĞůůŝ
,^ZͲĞŶĞůůŝ
^ĞƌŝĞƐZZĂĐĞĞĚ
^ĞƌŝĞƐZWƌĞƐƚŝŐĞ ^ĞƌŝĞƐZWƌŽĞĚ
DƵƐĐůĞĐƌĂĨƚ
DƵƐĐůĞĐƌĂĨƚ
DƵƐĐůĞĐƌĂĨƚ
ΨϮϲ͕ϯϯϱ͘ϬϬ
ΨϮϭ͕ϬϬϬ͘ϬϬ
Ψϭϱ͕ϳϱϬ͘ϬϬ

ϯ͘Ϯϯ
ϭ͘Ϯ
ϭ͘Ϭϯ
ϯϮϴ
ϯ
ϴϳ

ϯ͘Ϯϯ
ϭ͘Ϯ
ϭ͘Ϭϯ
ϯϮϴ
ϯ
ϴϳ

ϯϰϮ
ϮϮϲϬ

Ϯϳϴ
ϮϮϲϬ

ϭϳϮ
ϭϭϯϬ
EĂƚƵƌĂůƐƉŝƌĂƚŝŽŶ
sϲϰƐƚƌŽŬĞ
sϲϰƐƚƌŽŬĞ
ϯĐǇůŝŶĚĞƌϰƐƚƌŽŬĞ
Ϭ͘ϴϰϳϱϲϬϵϳϲ
Ϭ͘ϲϱϯϵϵϮϯϵϱ
ϭ͘ϬϰϮϲϴϮϵϮϳ

Fig. 137
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^ƵƌĨĂŶŐŽ
ĚǀĞŶƚƵƌĞƌ
^ŝƚŝŶ<ĂǇĂŬ

ŝŵĞŶƐŝŽŶƐ
>ĞŶŐƚŚ;ŵͿ
Ő
tŝĚƚŚ;ŵͿ
,ĞŝŐŚƚ;ŵͿ
ŝƐƉůĂĐĞŵĞŶƚ;ŬŐͿ
ZŝĚĞƌĂƉĂĐĂŝƚǇ
&ƵĞůĂƉĂĐŝƚǇ;ůͿ
^ƚŽƌĂŐĞĂƉĂĐŝƚǇ;ůͿ
ŶŐŝŶĞ
,ŽƌƐĞƉŽǁĞƌ
ŝƐƉůĂĐĞŵĞŶƚ
ŝƐƉůĂĐĞŵĞŶƚ
/ŶĚƵĐƚŝŽŶ
^ƚƌŽŬĞ
WŽǁĞƌͬtĞŝŐŚƚ

^ƵƌĨĂŶŐŽ
^ƵƌĨĂŶŐŽ
^ƵƌĨĂŶŐŽ
,ĂǁĂŝŝ
,ĂǁĂŝŝ'd
,ĂǁĂŝŝ'dy>
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