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Summary
This bachelor’s thesis consists of a product development project performed for Volvo
Penta’s transmissions department. In line with Volvo Penta’s vision of Easy Boating, the
problem description entailed, to make boating easier by developing concepts for the steering
of boats. The goal was to develop three concepts which suited the requirements provided by
the project owner. The bachelor’s thesis was preceded by a study, in the form of a concept
generation process.
The project was initiated with a concept generation process, in parallel with a requirement
analysis. This concept generation was performed with the assistance of tools from the
Teoriya Resheniya Izobretatelskikh Zadatch (TRIZ) methodology. Utilised parts from TRIZ
are tools for identifying free resources, finding and resolving undesirable contradictions and
predicting the next step of development of a system.
In accordance with the methods of Set-Based Engineering, the generated concepts were not
chosen for their merit, but instead eliminated based on requirements and developed
knowledge. To accomplish this, the requirements were collected from the identified
stakeholders of the project and ranked based on their respective weight.
The requirements were used in the elimination of the concepts which was performed in three
stages: pruning of concepts, concept screening and ultimately, concept scoring. These three
stages were based on the literature and chosen because of their ability to incorporate the
requirements in the elimination.
As a result of the elimination process six concepts of two different product categories, addons to existing solutions and complete new systems, were presented to Volvo Penta in
combination with a product development plan. The result of six concepts was obtained since
none of the concepts categories could be eliminated by the requirements collected in the
process and therefore it was decided to present tree from each category.
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Nomenclature
Glossary

FW

= Fresh Water.

Hydrofoil

= A surface that lifts the hull out of the water, decreasing the drag
from the hull at speed.

IFR

= Ideal Final Result

Inboard powertrain = Engine placed inside of hull.
Outboard powertrain= A self-contained drivetrain placed at transom that comprises of
engine, transmission, and propeller.
Powertrain

= System comprising of engine and transmission to propeller

Sterndrive

= Transmission placed through transom and which transmits power
from engine to propeller

SW

= Salt Water

Transom

= Surface that forms the stern of a boat

TRIZ

= The Theory of Inventive Problem Solving

VP

= Volvo Penta
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1 Background
Volvo Penta (VP) is an affiliated company to Volvo AB, developing and producing engines
and complete powertrains for marine and industrial applications. Volvo AB utilises common
architecture and shared technology for competitiveness. Therefore, affiliated companies, e.g.,
Volvo Trucks, Volvo Buses and Volvo Construction Equipment utilise VP’s engines. VP
continually strives to lead the market and develop innovative products, for instance, in order
to advance their market share in leisure boating the company has developed the vision of
Easy Boating. Easy boating implies making the entire experience of boating available for
more people, which allows more products to be sold and in turn enhances profit [1].

1.1

Problem Description

The sale of VP’s products is limited since driving and handling a boat is not intuitive and
requires training. An intuitive steering solution would increase the sales.

1.2

Goal

The goal of the project has been to develop and select three concepts for simplified steering
of boats. Following VP’s requirements and their vision of Easy Boating, the concepts
focused on comfort and user-friendliness.

1.3

Limitations

The work includes concept generation, requirement analysis and selection of concepts.
Functional details of the selected concepts were described in a general form and sketched.
No drawings or prototypes were created. The result in the form of all concepts was under a
non-disclosure agreement and therefore not presented within this report.

1.4

Pre-Study

The bachelor’s thesis was preceded by a concept generation process, with the goal of
attaining a large foundation of concepts covering solutions regarding steering of boats. This
pre-study was performed in the course Product Development II (PUC 540) at the University
West. Furthermore, the activities, goals, and methods were selected in consultation with the
mentors at University West and VP. The project entailed concept generation through
brainstorming sessions, benchmarking of competitor products, lead user interviews,
workshops, patent searches and using the tools classification tree and concept combination
table. Ultimately, the result of the pre-study was a number of concepts which were used as a
base for this bachelor’s thesis.
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2 Existing Steering Solutions
Through a survey of steering mechanisms for boats, the different mechanisms have been
sorted into two categories. The first category provides steering by utilising a surface to
redirect the water flow when the boat moves at speed; this forces the boat to change course.
The second category provides steering by enabling directing of the propulsion force applied
to the boat. The following sections describe the most common solutions on the market, and
solutions which are relevant for this project.

2.1

Rudder Solution

A surface that provides steering of a boat by redirecting the water flow is called a rudder [2],
(1) in Figure 1 [3]. The rudder is placed below the surface of the water, and when the boat
moves at speed the water will flow along the rudder surface. When not requiring the boat to
turn, the rudder surface is placed in line with the direction of the water flow, as seen in Figure
2 [3] where the water flow is represented by arrows. When turning the rudder surface to a
given angle, the water flow is forced to change direction, as seen in Figure 3 [3]. This creates
a reaction force from the rudder which changes the course of the boat. Problems occur at
low speed where the reaction force is small and insufficient for changing course. This due to
insufficient flow of water. The rudder is therefore often placed behind the propulsion
propeller, which provides water flow even at low speed [2]. Figure 1 [3] represents this type
of steering solution, where the propeller (2) is placed in front of the rudder (1).
1
2

Figure 1. Rudder mounted to a ship.

Figure 2. Water flow passing the rudder.
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Figure 3. Water flow when turning.

2.2

Sterndrive Solution

The sterndrive steering system is a combination of the two categories of solutions, where the
sterndrive enables propulsion force to be directed, and the lower gear housing (1) functions
as a rudder surface [4]. Furthermore, power from the engine transmits to the propeller
through the sterndrive placed at the transom of the boat. To obtain the ability to direct the
propulsion force said sterndrive can rotate around its vertical axis [4]. See an example of a
Sterndrive unit in Figure 4.

1

Figure 4. A sterndrive attached to the transom of a boat. Own material.
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2.3

Outboard Solution

The outboard drivetrain solution is a self-contained steering and propulsion unit that includes
engine, transmission and propeller [5]. See an example of an outboard unit in Figure 5. The
steering mechanism functions by the same principles as the sterndrive solution, with the
lower gear housing (1) functioning as a rudder surface, and the complete powertrain can be
rotated in order to direct the propulsion force [5].

1

Figure 5. An outboard drivetrain attached to the transom of a boat. Own material.

2.4

Bow Thrusters

At the bow of the boats lower hull, a pipe with an impeller inside is inserted. This apparatus
is called a bow thruster and helps the driver to control and steer the bow of the boat. The
thruster is powered by either an electrical or hydraulic motor. Different thrusters exist on the
market, e.g., stern thruster and thrusters which are mounted on to the hull instead of through
the hull [6]. See an example of a bow thruster (1) in Figure 6 [7].

1

Figure 6. A Bow thruster mounted at the bow of a leisure boat.
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2.5

Volvo Penta’s Solutions

Volvo Penta manufactures and sells inboard powertrain solutions where the engine is placed
inside the hull. The power is transmitted to a propeller by either a sterndrive at the transom
or through the hull with their Intelligent Propulsion System (IPS) [4]. The IPS is a
transmission replacing the traditional shaft and by form and function corresponds to the
sterndrive solution by being able to rotate around its vertical axis [4]. The sterndrive, as well
as the IPS, is a combination of propulsion directing and a rudder surface solution. See VP’s
IPS in Figure 7 [8].

Figure 7. Double mounted IPS drives from VP.

In line with the vision of Easy Boating, VP correspondingly offers complete manoeuvring
systems comprising of steering controls, powertrains and dashboards including navigation
and engine control. The varied sizes and types of powertrain solutions from VP are sorted
by ratings from one to five and based on usage [9].
Rating 5:

Pleasure craft applications only, which presumes operation by the owner for
leisure boating less than 300hours per year. Full power should be utilised
maximum one hour per 12-hour operational period. Between full load
operations, engine speed should be reduced by at least 10% [9].

Rating 4:

Light commercial operation boats, which depending on the selection of engine
size operates within 800-1000 hours per year. Full power should be utilised
maximum one hour per 12-hour operational period. Between full load
operations, engine speed should be reduced by at least 10% and load should
be cycled between 20%-85%. Typical applications are high-speed patrol, navy,
rescue, police, ambulance, offshore supply, coastguard, high-speed passenger
ferries and special high-speed fishing [9].

Rating 3:

Continuous duty commercial boats with high demands on speed and
acceleration, where running hours are less than 2000 hour per year. Full power
operations should be utilised maximum two hours per 12-hour operational
period. Between full load operational periods, engine speed should be reduced
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at least 10% from obtained full load. Loads within operational periods should
be cycled between 20%-80%. Typical applications are a fast patrol, rescue,
police, light fishing, taxi, offshore supply, coastguard and high-speed passenger
ferries [9].
Rating 2

Heavy duty commercial boats, with semi-planing or displacement hulls.
Recommended running hours are 3000-5000 hours of operation per year. Full
power should be utilised eight hours per 12-hour operational period, and
engine load should be cycled between 20%-80% for the remaining period.
Typical applications are fishing, pilot, passenger or crew and work boats [9].

Rating 1

Commercial boats with displacement hulls in heavy operations. Load and
speed could be constant, and full power should be used without interruption.
An unlimited number of running hours. Typical applications are costal fishing
boats, tugboats, trawlers, barges and ferries [9].

Volvo Penta provides drivetrains with sterndrives to rating 4, IPS from rating 4 to rating 3
and engines from rating 5 to rating 1 [4].
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3 Methodology
This chapter describes the methodology applied for the concept generation and the
elimination of concepts. Throughout the concept generation process during the pre-study,
no eliminations of concepts were made, and the process of developing concepts proceeded
in this project by use of tools from the theory of inventive problem solving (TRIZ) [10].
Utilised parts from TRIZ are tools for identifying free resources, finding and resolving
undesirable contradictions and predicting the next step of development. The process of this
project is based on Set-Based Engineering [11], which is utilised at VP during product
development. The goal of Set-Based Engineering is to cover a vast field of solutions and at
the same time gather knowledge of regulations, customer needs and technology.
Simultaneously as the concept generation process begins, knowledge regarding the system
and requirements on the system are gathered. This to develop a broad view of solutions
initially in the process not hindered by requirements or knowledge of other solutions, and as
the knowledge increase decisions can be made on witch types of concept to proceed with.
In extent, the concepts that does not relate to the developed knowledge are eliminated. As
seen in explanatory Figure 8, the concepts are reduced by the roadblocks which symbolises
the gathered knowledge. This reduction should proceed until the most suitable concept
remains [11].

Figure 8. Explanatory concept reduction in accordance with Set-Based Engineering.

As a result of not selecting concepts but rather eliminating concepts which do not meet the
requirements, favouritism towards specific or groups of concepts is reduced [11].

3.1

Concept Generation

The acronym TRIZ, roughly translated to “theory of inventive problem solving” is a set of
tools and methods for solving technical and physical problems. The development of the
theory began in 1946 by the Russian inventor Genrich Altshuller and his colleagues. It is
based on the principle that problems are re-occurring and therefore have a finite amount of
general solutions. The tools are based on patent research by Altshuller and his colleagues,
and the tools have been further developed by scientists around the world [10]. The tools
provided by TRIZ are developed to allow teams to build their own TRIZ toolkit which suits
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their problem-solving type best. Furthermore, the tools are fairly simple and straightforward
to learn [10] and allows the problem solving to be performed effectively. The following
sections present selected approaches and tools from TRIZ, which are used in this project to
generate concepts.
3.1.1

Utilise Free Resources

Systems which provide the requested outputs always include costs and harms. Costs can be
time, resources and energy for providing the requested output. Harms are the output from
the system which are undesirable [10], see explanatory Figure 9. The Ideal Final Result (IFR),
stands for a system which only provides the benefits in the form of requested output without
any harms or costs [10].

Figure 9. Example of a general system input-output scheme.

The IFR is defined by the quotient between benefits and the sum of costs and harms as
described by Equation 3.1 [10]:
!"# =

∑&'(')*+,

(3.1)

∑(./,+,01234,)

The TRIZ theory describes the first step given in the Eight Trends of Technical Evolution,
stating that products development progresses towards the IFR. The process of identifying
the IFR, therefore, provides the development team with an aim to strive towards [10], but it
also visualises how ideal the system currently is. Furthermore, systems are always placed in
surroundings where resources can be found and utilised [10]. These resources can be utilised
to minimise costs and harms of the system or other systems. Utilising resources are coming
into its own in modern days, as human awareness of the impact of their actions on the
environment increases. This way of thinking creates systems closer to the IFR and with
interactions beneficial for each system [10].
All systems are defined by their temporal and spatial boundaries and can be found interacting
as sub-systems or in surrounding super-systems [10]. As explained, all systems include costs
and harms, but also other potential resources which can be utilised. To be able to utilise a
resource, it must be available, already there and close to the problem [10]. Places, where
resources can be found, are:
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o Super-systems and environment
Resources deriving from e.g. sunlight, wind, weather, pressure, energy, temperature, or
gravity. Resources which can be utilised are often reusable resources, which aids
progression towards sustainable systems [10]. An example of use are wind turbines,
where electricity is created by utilising the wind as a reusable source of energy.
o System features
Features deriving from the system itself can be size, shape, colour, transparency, weight,
roughness, or density. These can be utilised to enhance desired properties of the system
[10]. An example of use is the drivetrain of a front wheel powered car, where the mass
of the drivetrain is utilised for enhancing the grip.
o Sub-systems and component resources
A system can consist of several sub-systems. Utilising recourses or features from the
interlinked sub-systems may enhance the performance of the overall system [10]. An
example of use are tractor rear loaders, where a drivetrain system provides a
counterbalance for the loading system.
o Harms and waste
Systems which provide requested outputs always include unwanted outputs. These
outputs can be utilised as resources for the system itself or sub-systems [10]. An example
of use is the heating system of a car. Energy loss in the form of heat from the combustion
engine is utilised for heating the passenger compartment of the car.
o Knowledge, experience, and feeling
Utilising external and internal resources of knowledge, experience, and feelings. These
resources can be found within the company or external to the company [10]. An example
of use is supermarkets, who invest in studies on the behaviour of their costumers [12].
Functions included in a system might not be used at all times, or only at given intervals.
Therefore, in addition to the listed resources said time could be utilised for processing inbetween other functions to deliver a requested function [10]. In order to create ideas from
the identified free resources, the TRIZ Effect Database can be utilised. The TRIZ Effects
Database is a web-based tool used to solve technical or physical problems. The database
provides results to a query input by the user, and can be set to:
o Function query, by user input of an action and object.
o Parameter query, by user input of an operation and a parameter.
o Transform query, by user input of an energy type to transform.
The result of the query input is a list of effects, applications or both. The list contains
explanations and links to external sources of information regarding each result [12].
3.1.2

Resolve Contradictions

Contradicting needs can occur when faced with a problem. These contradictions can be
conflicts between different features requested at different time of use, e.g. wanting an
umbrella to be big when in use and small when unused [12]. Contradictions can also consist
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of worsening features while improving others e.g. adding a larger petrol tank in a car will
improve range, while at the same time add weight and make fuel consumption higher [12].
In TRIZ, compromising between features is unwanted, and by discovering and
understanding the contradictions of a problem compromising can be avoided [10].
Moreover, solving contradictions using methods from TRIZ aids in resolving the
contradictions without compromising or worsening any part of the system.
Contradictions within TRIZ are categorised into technical and physical contradictions [10].
o Technical contradictions: When improving a technical feature leading to some part
of the system being worsened.
o Physical contradictions: When some features of the system are requested to be the
opposite of itself at given points in time, e.g., small, but sometimes big.
The 40 inventive principles is one of the cornerstones of TRIZ and the base to many tools
for resolving contradictions. They were created through researching and analysing over
50,000 inventive patents [10]. The research showed that in these 50,000 patents only 40
general solutions had been used to solve contradictions [10]. When using the 40 principles
the terms concepts and ideas according to TRIZ must be clarified, this because the principles
provide concepts which in turn can generate ideas [10].
o Concepts are general ways of accomplishing something.
o Ideas are specific ways of putting the concepts into practice.
The 40 principles are conceptual ways of resolving the contradictions, and can, therefore, be
applied to problems without copying previous solutions. Through further patent research 39
general engineering parameters have been concluded, which can be used in combination with
a contradictions matrix to solve technical contradictions [10]. An example of the matrix can
be seen in Table 1. When a technical contradiction is identified, the contradiction matrix can
be applied to solve the contradiction, for example, if the parameter "length of a non-moving
object" is improved (made longer), the parameter "stress" becomes worse (higher). Where
these parameters intersect, the matrix is created to give suggestions of inventive principles
that can be utilised to avoid compromising. The given principles at the mentioned
intersections are:
o Inventive principle no 1: Segmentation – Dividing or fragmenting an object into
smaller parts.
o Inventive principle no 14: Spheres and curves – For example using curves instead of
straight edges or using rotary motion instead of linear etc.
o Inventive principle no 35: Parameter changes – For example changing the physical
state of a liquid into a gas or changing the temperature or volume of the system.
These inventive principles can be used as a catalyst to generate inspiration and create
concepts [10].
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N/A

-

-

N/A
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8
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-

object

Improving Feature

3. Length of moving object
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5. Area of moving object

2
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4
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N/A

-

10

1
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-
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34

-
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-

-

N/A
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4
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-
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N/A
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XX. Xxxxxx

xx

39. Productivity

35

26

28

27

18

4
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26

24

37

15

3

28

38

14

26

34

31

xx

xx

xx

39. Productivity
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XX. Xxxxxx

Principles are stated in the

5. Area of moving object

The 40 Inventive

4. Length of stationary object

39 Technical Parameters.

3. Length of moving object

1. Weight of moving object

Features are based on the

1. Weight of moving object

2. Weight of stationary object

Table 1. An explanatory cut-out from the TRIZ Contradictions matrix. Own material.
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34

2

N/A

xx

xx

N/A

Eight Trends of Technical Evolution

The Eight Trends of Technical Evolution is a TRIZ tool based on the extensive research
and analysis performed by Altshuller and his colleagues. When the 40 Inventive Principles
had been developed, the TRIZ community started trying to develop systematic ways of
solving problems. They discovered that technical systems tend to follow certain trends or
patterns of evolution during their lifetime [10]. The trends can be seen as an approximate
forecasting of the coming development of a product [10]. The identified trends demonstrate
the need for a technical system to be adaptable to changes in order to be successful, e.g., a
product must adapt to increasing environmental demands, or to adapt to the changing needs
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of the customer. The trends are decomposed into conceptual, general steps and are therefore
applicable in differentiating fields and on a vast variety of systems [10].
The eight trends are as follows [12]:
1. Increasing Ideality
Systems and products are developed towards their ideal state, with fewer inputs, fewer
harms, and more benefits.
2. S-curves
Improvement of systems follows an s-type curve of improvement with four stages.
They start with a slow development, followed by rapid improvement until they reach
maturity, and lastly the improvement will slowly stagnate.
3. Increasing System Coordination
Different parts of the system develop at different rates over time and reach toward
increasing coordination of the complete system.
4. Increasing System Automation
Systems evolve toward being self-sufficient and demanding less human interaction,
e.g., the autonomous car.
5. Increasing Segmentation and Use of Fields
Segmentation of the system into smaller parts, which increasingly develops into fields,
e.g., energy fields.
6. Increasing Dynamism and Controllability
Parts of the system become more adaptable and controllable, which can provide
improved dynamism of the entire system.
7. Simplicity – Complexity – Simplicity
A cyclical pattern where systems begin simple, and as functions are added become
more complex. By later integration of these functions, the system again becomes
simple.
8. Better Matching of Needs
The system adapts to the needs changing over time and meets them in a more efficient
way.
By picking a trend and identifying at what stage of development the system currently is in,
the next generation of a system can be predicted [10]. A chosen trend can be analysed for
the probable next step of product development, and concepts to achieve this can be
generated. This should be repeated until the system has been analysed with the assistance of
all eight trends [10].
An example of this process can be made of the trend "Increasing dynamism and
controllability". The steering of boats has developed from the ancient Egyptians using an oar
attached at the stern. The system was modified by the Vikings to a tiller attached via a joint
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to a rudder. In the 18th century, a steering wheel was connected via ropes to the rudder, which
in turn was modified to the use of wires. With the 20th century came the hydraulics systems,
using the hydraulics to connect the steering wheel to the rudder. Ultimately, the solution
today is the latest step of development where electronics have been integrated to control the
hydraulic system [4]. The current step can here be developed upon by for example removing
the hydraulic parts and making the system entirely electronic and in turn becoming a “field
effect”, described as the last step of the trend [12].

3.2

Identification of Requirements

The concept elimination process must be performed with the aim of attaining the right
concepts in order to reach the project goal. Therefore, the development team must study on
what basis these eliminations should be made, and where the requirements derives from. To
identify this, the team can perform a stakeholder analysis using the model in stakeholder
theory [13].
The stakeholders for any project consists of different categories, for example, organisations,
companies or individuals. Therefore, they also have different perspectives and interests
regarding the project, which must be identified. Furthermore, a prioritisation of the different
stakeholders must be executed based on the goals of the project. This since the prioritised
stakeholders, having the most interest in the project, builds the base on which the concepts
are eliminated on and in extent directs the result of the project. When the relative importance
of the different stakeholders is identified, the team must obtain their requirements. For
example, requirements given from product users can be obtained either by interviews,
utilising focus groups consisting of users, or observing the product- or product type in use
[14]. The requirement must be precise, thoroughly investigated and when identified evaluated
by their relative importance. This can be performed by team consensus or by structurally
collecting the opinions from the selected stakeholders. Finally, the process of requirement
collection must be reflected on in order to ensure that all requirements from the stakeholders
have been identified and evaluated. [14]

3.3

Concept Elimination

During the project, concepts were eliminated in accordance with Set-Based Engineering. As
a result of eliminating concepts which do not meet the requirements, favouritism is reduced
regarding specific of groups or concepts [11]. The process of concept elimination consisted
of pruning, screening and scoring of concepts, all based on the collected requirements.
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3.3.1

Pruning of Concepts

The requirements obtained from the different stakeholders set the boundaries to which the
concepts must apply. Furthermore, the concept generation process aims at finding as many
concepts as possible, making the selections between the concepts time-consuming to
perform one by one in structured methods. For this reason, the concepts can instead of one
by one be grouped and evaluated to the boundaries set by the stakeholders, where groups
which do not meet requirements are pruned from the further selection process. This in
accordance with Set-Based Engineering where no concepts are selected, and instead
eliminated to avoid concept selection based on favourites amongst the development team
[11]. The pruning process can be executed on individual concepts or groups of concepts
which undoubtedly do not meet the requirements. Going into the next step which is concept
screening, it is recommended to not exceed an amount of 12 concepts [14], this to avoid a
redundantly time-consuming concepts screening. Therefore, the requirement collections
must be thoroughly performed and contain precise requirements to effectively prune down
the number of concepts [11].
3.3.2

Concept Screening

The method used for screening concepts in this project was developed by Stuart Pugh in the
80’s with the goal of creating a method for selecting concepts with a greater certainty of
success [14]. The method is used to narrow down the number of concepts by use of a matrix.
An example matrix is shown below in Table 2 [15], where the vertical axis expresses criteria,
while the horizontal axis expresses the different concepts. The main advantage of the method
is the possibility of reducing the number of concepts based on rational reasoning instead of
"gut feeling" decisions and irrational biases [16]. It is of importance that all the concepts used
in the matrix are developed on the same background, boundaries and are sketched at the
same level of detail. These sketches need to be visualised during the evaluation to give the
development team a shared view of each concept and its functions. To evaluate the concepts
a reference concept needs to be chosen; this reference can for example be: an available
product, an industry standard, a concept under consideration or a combination of subsystems representing the best features of different products [14]. When working through the
matrix, the concepts should be evaluated regarding each criterion and against the reference
design, by the following legend [16]:
o 0 if the concept meets the criteria to the same degree as the reference concept.
o + if the concept meets the criteria in a better way than the reference concept.
o - if the concept meets the criteria in a worse way than the reference concept.
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Table 2. An example of a screening matrix from a previously performed product development of a mounting tool for
windows.
Concepts
Selection
criteria

LMFA
(Reference)

C1

C2

C3

C4

C5

MP1

MP2

MP3

MP4

MP5

The tool is
easy to grip
It can be used
without
discomfort
Adjustment of
window depth

0

-

+

0

-

0

+

+

+

0

-

0

-

+

0

-

0

+

+

0

0

0

0

-

0

0

0

0

0

0

-

0

-

Adjustment of
window height
The tool is
easily
adjustable
Easily
attached to
window
Space saving
Able to use as
lifting tool
Securing of
window
Environmental
impact
Manufacturing
cost
Sum +
Sum 0
Sum Score
Rank
Move on

0

+

+

+

+

+

0

0

0

0

0

0

-

0

-

-

-

+

0

+

0

-

0

-

-

+

-

-

0

0

-

0

0

0
0

0

+

0

0

+

+

+

0
0

0

0

0

+

0

-

+

-

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

+

0

0

-

0

+

0

+

0
11
0
0
6

2
3
6
-4
12
No

5
4
2
3
1
Yes

3
5
3
0
6
Yes

2
4
5
-3
10
No

2
5
4
-2
9
No

4
5
2
2
2
Yes

3
7
1
2
2
Yes

3
6
2
1
4
Yes

0
10
1
-1
8
No

1
6
4
-3
10
No

Combine

The scores can then be summarised for each concept, and through this method, concepts
will show their respective strengths and weaknesses. The concepts scoring lower than the
reference can then be eliminated from further development. However, these eliminated
concepts can sometimes contain features which can be used in combination with features
from other concepts to create a synergy effect [14].
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3.3.3
Concept Scoring
The concept scoring is a matrix tool based on the same principles as the concept screening.
As shown in Table 3 below, criteria are listed vertically and concepts for evaluation are listed
horizontally. It is most often used in sequence after the concept screening with a focus on a
more refined evaluation to the criteria. The scoring matrix should therefore contain fewer
concepts since the more refined comparison is more time-consuming [14]. The importance
of each criterion is weighed and they are given a factor in percentage based on the
requirement analysis. This is done in consensus as a team and the total percentage of the
criteria shall add up to 100 percent [14]. Each concept is evaluated on a scale of how well the
concept meets the criteria, and the score is multiplied by the factor of the criteria. Different
scales can be used, a broader scale such as one to nine can produce a finer result, but be
more time consuming. A coarser scale such as one to five will in turn generate a coarser result
but be faster to process. The scores are summarised and concepts are ranked in order of their
score. Through this process, the number of concepts is narrowed down and the lowest
ranking can be eliminated [14]. Below an explanatory Table 3 is shown of a concept scoring
performed during a development of a mounting tool for windows [15].
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Table 3. An example of a scoring matrix from a previously performed product development of a mounting tool for
windows.
Concepts
Reference
Selection criteria

Weight

Score
(1-5)

Weighted
score

Score
(1-5)

C2

C3

MP1

Weighted
score

Score
(1-5)

Weighted
score

Score
(1-5)

Weighted
score

Ergonomic 10%
The tool is easy to
grip
It can be used
without discomfort

0,05

3

0,15

4

0,2

2

0,1

5

0,25

0,05

3

0,15

4

0,2

2

0,1

4

0,2

No need of
additional tools

0,02

3

0,06

3

0,06

4

0,08

5

0,1

No risk of damaging
of wall or window

0,02

3

0,06

3

0,06

4

0,08

3

0,06

Tool can adjust
window depth
Tool can adjust
window height

0,08

3

0,24

3

0,24

2

0,16

4

0,32

0,07

3

0,21

4

0,28

3

0,21

3

0,21

Able to use as
lifting tool
Easy to use 25%

0,06

3

0,18

3

0,18

3

0,18

5

0,3

The tool is not
to heavy
The tool is easily
adjustable

0,08

3

0,24

2

0,16

2

0,16

2

0,16

0,03

3

0,09

3

0,09

3

0,09

5

0,15

The tool can be
fitted in to tool belt

0,06

3

0,18

2

0,12

1

0,06

2

0,12

Easily attached
to window

0,08

3

0,24

4

0,32

4

0,32

5

0,4

Manufacturing
cost 20%
Lo-cost material

0,07

3

0,21

2

0,14

5

0,35

2

0,14

Low cost assembly

0,06

3

0,18

2

0,12

2

0,12

2

0,12

Low cost
manufacturing
Safety 20%

0,07

3

0,21

2

0,14

4

0,28

2

0,14

Risk of injury

0,15

3

0,45

3

0,45

3

0,45

4

0,6

Secures window
in place
Total score

0,05

3

0,15

3

0,15

2

0,1

3

0,15

Performance 25%

Rank
Move on?

1,00

3

2,91

2,84

3,42

3

4

6

1

Reference
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4 Concept Generation
Creativity is the most important part when performing a concept generation process with
the aid of tools from TRIZ. The tools only provide guidelines on where or how to find
concepts, the generation of concepts is all based on creativity. Therefore, it is important to
not hinder this creativity by not being open for all ideas, even ideas being clearly unfeasible
must be evaluated at the same level as other ideas. Furthermore, if not being open minded,
some ideas may be discarded by the developer before even mentioned, and in extent, the
chain reaction of ideas that can occur from the initial idea is wasted. Additionally, an idea
that is not mentioned because the developer thinks that it is unfeasible could be feasible in
another team member’s perspective [10].
Generated concepts during this process add on to the concepts developed during the prestudy. However, this process relates to more detailed boundaries given by the project owner,
stating that the generated concepts shall relate to the following boundaries.
o The concepts should cover technological steps that can be made by VP within a
decade, consisting of the time to close a potential knowledge gap within VP or the
time to research completely new technology.
o The concepts should be in line with the product types that exist today at VP, i.e., VP
is not interested in expanding into a new category of products.
o The efficiency should not be lower than existing solutions, in extent, the ratio
between energy input and output of the system should not be less than on existing
solutions.
The concepts developed in this project are under a non-disclosure agreement with VP. They
will therefore not be displayed or used as appendices in this report, they will instead be
handed to the project owner at the conclusion meeting of this project.

4.1

Utilise Free Resources

The analysed system within this process is a powertrain system that VP provides, which
comprises of a sterndrive and an engine. The requested output from the system was
established by utilising the functional decomposition developed during the pre-study, where
the first order sub-functions are the requested benefits of the system. However, the
functional decomposition does not cover the function of trimming the boat hull, due to the
scope only focused on course change of boats. The trimming of the boat hull is performed
to create a more favourable angle between the water surface and the hull at different speeds,
and which VP’s existing sterndrive solutions provide. Therefore, the function must be added
to the list of requested benefits.
In conclusion, as seen in Figure 10, the requested benefits are the first order sub-functions
from the functional decomposition, with the addition of the ability to trim the hull relative
to the water surface. The IFR (Ideal Final Result) would be to attain these outputs from the
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system without any harms or costs, in extent, this would be a solution where nothing is
mounted or placed on the boat and it still generates the requested outputs.
Steering of
boat

(Trimming of
boat hull)

Direct force
applied on
boat

Apply force on
boat

Trigger
movement of
boat

Figure 10. A cut-out showing the requested benefits of the system, from the functional
decomposition performed in the pre-study.

Volvo Penta’s sterndrive solution, as described in section 2.2, is a combination of a rudder
surface and propulsion force vectoring. The analysis of this solution was executed by
exploring the different costs and harms included in the system, see analysis in Figure 11. The
inputs and outputs from the system, as described in the methodology 3.1.1, were divided
into costs for the system to deliver the benefits, and the harms included with the output.

•Benefits
•-Applies force on boat
•-Directs Force applied on
boat
•-Trimming of boat hull
•-Triggers movement of boat

•Costs
•-Electric Signal

•Harms

•-Fuel

•-Combustion Pollution

•-Lubrication oil

• -Water

•-Fresh water with Coolant

• -Air

•-Salt water

•-Crank case gases pollution

•-Electricity

• -Air

•-Cost to purchase

• -Water

•-Insurance expense
•-Hydraulic pressure for steering
pistons
•-Manufacturing
• -Expenses

Sterndrive
powertrain
solution

•-Generates Heat
•-Wears the System
•-Ads stress to boat hull
•-Disturbs sea creatures with high frequent sound
•-Develops Noise

• -Energy

•-Creates drag in water

• -Employees

•-High end of life Impact

•-Maintenance

•-FW flow of coolant inside engine

• -Expenses

•-SW flow for cooling FW

• -Time

•-Smoke

• -Employees

•-Vibrates

•-Cleaning

•-Sucks air for combustion

•-Depreciation

•-Creates sparks for ignition
•-Combusts fuel
•-Compresses air and fuel mixture
•-Moving parts within engine and transmission
•-Containment of lubricating Oil
•-Creates flow of lubricating oil

•-Creates oil pressure within engine
Figure 11. Identified cost and harms within the analysed
sterndrive solution from VP.
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The use of combustion engines and mechanical transmissions for powering vehicles have
been used since the turn of the 20th century [17], and the system efficiency has since
increased by utilising available resources within these systems. As can be seen in this system
analysis (Figure 11), the inputs and outputs include an immense part of costs and harms
which are potential resources to use for development towards the IFR. In addition, the
system includes sub-systems which add to the functionality of the system or used for
functions besides propulsion or steering. These sub-systems are:
o Electric power generator (an electricity generator which is driven by the combustion
engine)
o Hydraulic pump (driven by combustion engine and/or electric engine)
o Electrical control system
o Lubrication cleaning (Oil filters etc.)
o Air cleaning system (Air filter etc.)
o Freshwater System
o Saltwater System
These sub-systems are widely utilised by the interlinked systems within a boat, which
provides a higher efficiency if studying the boat as the system compared to the powertrain.
This is due to a higher utilisation of the costs and harms included by the interlinked systems
within a boat. The IFR ratio for the boat as a system is, therefore, higher than the IFR ratio
for the analysed sterndrive powertrain solution. Consequently, reaching the IFR of the
powertrain system might alter the IFR ratio of the complete boat system, since the interlinked
system is deprived of their resources. It is therefore of importance to analyse all the different
systems included in a boat to develop towards the IFR.
Furthermore, the surrounding space to the powertrain system comprises of the boat and its
surrounding space; this system is called the super-system. The surrounding of the boat is a
space comprising of several resources which are favourable to utilise due to being reusable,
and in extent, aiding the process of developing sustainable products. The studied parts of the
super-system are:
Wind
Waves
Sunlight
Sun heat
Water flow
Air
Magnetic fields
Gravity
Water density
Temperature switches between
day and night, or seasons
o Temperature
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
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Rain
Moisture
Hull
Lights
Radar
Navigation
Bilge-Pump
Surrounding Space
Electric system for on-board
comfort
o Light
o Heating
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o
o
o
o

o Air intakes
Natural ventilation
Refrigerator and freezer
Kitchen-range
Storage space

o
o
o
o

Passengers/Driver
FW System
SW System
Anchor System

Furthermore, every system possesses different characteristics, which can be utilised as
resources for development. For example, as previously explained in section 2.2, the shape of
the sterndrives lower gear housing provides as a rudder surface.
The analysed characteristics of a sterndrive powertrain are:
o Size
o Surface finish
o Weight
o Materials
o Shape
o Placement
o Colour
o Temperature
o Density
To develop concepts on these identified resources, tools such as the TRIZ Effect Database
and brainstorming were utilised. The process is a creative process, and the tools were used
to aid the creativity, therefore, there is no sequence of analysis. The TRIZ Effect Database
was applied by performing a query input to the database, inspired from the identified
resources and studying the potential physical or technical solutions given by the database.
Furthermore, by thinking in terms of “what if we could….?” or “what would happen if….?”
during brainstorming sessions, concepts were generated. Conclusively, as previously
described the development of these systems has proceeded during decades, and the resource
exploitation is high. This may indicate that the sterndrive powertrain system is reaching the
end of the s-curve described by the eight trends of evolution from TRIZ, and a new curve
of technology for manoeuvring may be forecasted.

4.2

Resolve Contradictions

As explained in the methodology section 3.1.2, contradictions can be found within a system
by use of the characteristics of the system, therefore, an existing system was applied in the
TRIZ Contradictions Matrix. Hence, VP's sterndrive system was chosen as a system to use
as a foundation for solving contradictions.
The main technical characteristics and functions of the system were identified and inserted
into a Correlations Matrix. This matrix is based on the "roof" of the Quality Function
Deployment (QFD) matrix, also called the “house of quality” [18]. As can be seen in Table
4, the "roof" is a correlation matrix where the characteristics correlate within the cells of the
matrix. The identified characteristics of the sterndrive system were inserted into the matrix,
and the desired output from each characteristic was decided, e.g., the weight of the system
was desired to be lowered, therefore, the black triangle (1) in Table 4 is pointing downward.
For each cell within the matrix the correlation between the characteristics was determined
and marked according to the following legend:
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o With a plus (+), if the characteristics affected each other positively.
o With a minus (-), if the characteristics affected each other negatively.
o Left blank, if the characteristics were unaffected by each other.
For example, it was desired to reduce the development cost of the system, and at the same
time increase the lifespan of the system. Where these characteristics correlated, they affected
each other negatively and became a technical contradiction.
Table 4. Correlations matrix consisting of the characteristics of the system, based on the Quality Function Deployment
“roof”. Own material.

┼
┼
┼
┼
▬

▬

┼
┼

▬

▬
┼

┼

┼
┼

1

┼

┼

▬

┼

┼

1

2

3

4

5

6

7

8

9

10

11

12

13

14

▼

▼

▲

▼

▲

▼

▲

▲

▼

▼

▼

▲

x

▼

Product footprint

Size

Drag

Speed

Rigidity

Volume under water

┼

Maintainabliity

┼

Life span

┼

▬

Cost

▬

┼

Corrosion resistant

▬

▬

Amount of materials

┼

┼

┼

Manufacutrability

Quality
Characteristic
s
(a.k.a.
"Functional
Requirements"
or "Hows")

┼

▬

┼
▬

Number of parts

Column #
Direction of Improvement:
Minimize (▼), Maximize (▲),
or Target (x)

┼

▬

Weight

┼

▬
┼
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To solve the identified contradictions, the TRIZ Contradiction Matrix was applied (seen in
section 3.1.2). Since the TRIZ Contradiction Matrix consists of already established technical
characteristics in the form of the 39 parameters, the characteristics of the sterndrive system
had to be translated, e.g., the weight of the system was translated into "weight of moving
object”. All the characteristics affecting each other negatively were translated, and these
translations can be seen in Appendix A. In the intersection of the different characteristics,
between one to four of the 40 Inventive Principles were suggested by the matrix, as ways to
solve the contradiction. Using the TRIZ Contradiction Matrix and the 40 Principles the
contradictions that were identified in the QFD were explored. The solutions to the
contradictions were in turn used as inspiration for concept generation.
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4.3

Eight Trends of Technical Evolution

IDEALITY

The Eight Trends of Technical Evolution were used to find the next step of development
for the existing system. As when resolving contradictions, an existing sterndrive system was
used as a reference when determining the current state of evolution. The trend of increasing
ideality had already been explored within the previous step of utilising free resources and was
therefore not explored here. The sterndrive is a product that has been developed by VP
during several decades, and the system has reached what is called a mature stage on the "Scurve" of development, seen in the explanatory Figure 12. Since the scope of the project
entailed a product within or similar to VP's current product register, it was not within the
scope of the project to find a new "S-curve". A new "S-curve" is in this case an entirely new
product platform. Instead, the goal when using the eight trends where to take advancing
steps along the existing "S-curve" and to generate improving concepts.

TIME

Figure 12. The S-curve showing the development of the ideality of a system over time. Own material.

The trends were processed one by one in a systematic way by identifying the current state of
evolution of the system and then in a creative way trying to find the next step of evolution.
The current state of the system was identified by researching the features of the system and
identifying their functions and characteristics, which in turn were compared to the steps of
evolution. This combination of systematic processing and creative concept generation was
performed on the entire system and not restricted to the steering mechanism. This, since the
evolution of the whole or parts of the system, contributed in a positive way to the conditions
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of the steering. This, in turn, provided new possible concepts for steering mechanisms and
improvements to the existing system.
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5 Identification of Requirements
The requirement analysis was initiated by identifying the different stakeholders for the
bachelor’s thesis. These stakeholders were identified with the use of the model for
stakeholder theory [13], and their potential interests were identified. This was done in order
to identify the requirements for the project and where to collect requirements to base the
concept elimination on.
The stakeholders and examples of their interest for this project are:
o End Users
Consisting of VP’s marine products users.
o Society
Covers laws and regulations, as well as profit for community and government.
o Project Members
The students request the ability to graduate with a bachelor’s degree and to make
important connections with potential employers.
o Volvo Penta
Volvo Penta has provided a problem which they want to resolve. Furthermore,
ideas on potential product development could help VP to reach their goals and
visions.
o University
The university wants to register satisfied students that have completed their studies
with a high result and high standard. In extent, this provides the university with a
marketing value and revenue.
o Volvo AB
Volvo AB request VP to be profitable and in line with shared goals and vision.
When the different stakeholders were identified, discussions were held to decide their relative
importance. This was performed to visualise and agree on which requirements to aim for
with the bachelor’s thesis. In addition, the requirements to base concept elimination on were
collected from the stakeholder analysis and derived from the Society, Volvo AB, VP, and
end users of the product. When evaluating the different stakeholders with the project owner,
guidelines for the concept elimination process were given to focus on the requirements from
VP. In addition, it was decided to analyse the requirements from the end users and Volvo
AB’s goals and visions. The process of attaining these requirements was performed by
studying Volvo AB’s annual and sustainability report, discussions with VP and interviewing
end users. This process is presented in the following sections.
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5.1

Volvo Goals and Visions

Volvo AB has developed goals and visions for the group, these are presented within their
annual and sustainability report [1]. Furthermore, this annual report includes guidelines to
which the development of existing products must apply in order to reach the common goals
and visions. Therefore, these guidelines had to be evaluated when eliminating concepts.
Volvo AB has performed a streamlining by aiming at commercial vehicles, which involved
the divestment of non-core operations, such as Volvo Aero. This streamlining has been
performed to enable Common Architecture and Shared Technology (CAST) between the
affiliated companies. CAST is a common base on which brand unique products are based
on. At the centre of CAST are Volvo AB’s heavy-duty and medium-duty platforms, mainly
comprising of engines. There is also a high degree of commonality between electronic
systems and transmissions [1]. See explanatory Figure 13 for CAST [1].

Figure 13. A model showing how the Volvo group uses its CAST technology.

In addition, Volvo AB’s strives to respond to trends and seek to lead the development against
a sustainable environment in all aspects. This by succeeding within following areas:
o Fuel efficient and lower carbon alternatives
The climate is changing and there are limited resources to exploit. There is a
widespread agreement that burning fossil fuel has a major impact on the climate, and
the transport sector is responding by improving the fuel efficiency and aims toward
lower carbon alternatives. Governments and stakeholders need to have a great focus
and incentives to assist the progress of utilising renewable resources and lower the
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emission levels, and at end of product life enable recycling, remanufacturing and
refurbished products and components. [1]
o Urbanization
The earth is becoming overpopulated, and the population locates at small regions of
the earth. By 2025 there will be over eight billion people and by 2050 the population
have reached nine billion. This progress of population makes these small regions
even denser and develops social and environmental problems. The transporting
systems and infrastructure requires sustainable and efficient solutions for each urban
development. [1]
o Connectivity and digitalization
In the beginning of 1995 about one percent of the population had internet access,
today it is around 40 percent. This is an accelerating process and the expansion of
connectivity will continue by increasing the number of sensors in all sorts of devices.
Volvo AB had during 2016 around 470000 connected vehicles used by the
customers. This provides the ability to observe and access data from all the vehicles
in order to improve their products. Based on all given data Volvo strives to provide
the best service for the customers. [1]
o Evolving trade and regulatory environment
Volvos transport and infrastructure systems exist in diverse markets around the
globe. Furthermore, different regulations, requirements and competitive dynamics
vary between these different markets. It is, therefore, challenging to meet the diverse
economic and regulatory requirements, access and develop human capital and
continually improve sustainability, effectiveness, and safety within the supply chain.
[1]
Volvo AB participates in the global as well as in many local societies. This provides Volvo
with an opportunity to influence and contribute to social and business developments. They
strive to evaluate the opinions of all stakeholders and to act responsively and create value for
shareholders and society. The main vision is to become the world leader in sustainable
transport solutions. [1]
Vision
o Create value for the customer in selected segments.
o Pioneering products and service for the transport and infrastructure.
o Driving quality, safety and environmental care.
o Working with energy, passion and respect for the individual.
Wanted position by 2020
o Be amongst the most profitable in the industry.
o Be the customers’ closest business partner.
o Captured profitable growth opportunities.
o Be proven innovators of energy-efficient transport and infrastructure solutions.
o Be a global team of high performing people.
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Quality
Quality is expressed as their goal to offer reliable products and service. This in every aspect
of product development and production to deliver customer support where the focus is on
customers’ needs and expectations. Their goal is to exceed the costumers’ expectations and
be number one regarding customer satisfaction. This shall be succeeded by developing a
culture where all employees feel responsibility and are aware of what must be accomplished
to be the best. [1]
Safety
Volvo defines the safety of their products to include the wellbeing of anyone that encounters
their products. The goal is to reduce the risk and consequence of accidents when using their
products and improving the personal safety of the work environment for the drivers of their
vehicles. Furthermore, their own employees must be able to produce the product in a safe
environment. Volvo’s long term vision is zero accidents caused by Volvo AB’s product. [1]
Environment
Volvo strives to further improve the efficiency of their products but also their manufacturing
processes to reduce emission in all aspects of their business. The design of their processes
focuses on minimising consumption in form of energy, natural resources and raw material.
Furthermore, all material that is used shall avoid environmental and health risks. [1]

5.2

Volvo Penta

Volvo Penta has established a vision of making boating easy. The name of this vision is
correspondingly “Easy Boating”. The vision is not a detailed vision; however, this vision
provides the core philosophy from which all products shall be based on. To identify what
Easy Boating include, boating must be defined. Boating consists of the ability to head out to
sea for transport or leisure driving. However, driving and handling a boat requires skill,
experience and navigational knowledge, which is hard to obtain without a lot of practice.
Therefore, the meaning of the merged words “Easy” and “Boating”, does not exist as of
today, and that is what VP wants to change by their products. In addition, the experience of
boating also includes ownership of a boat, which is demanding in the form of maintenance
and expenses. Based on these approaches, a general description of Easy Boating was
established. [19]
o Ownership of a boat
It should be easy to own a boat. For instance, the maintenance should be easy e.g.
not having to lift the boat from water during use periods, or complex service intervals
at service shops, etc.
o Driving a boat
Boating should be available for everyone without having a lot of experience. Volvo
Penta’s products should make the boat easy to manoeuvre and it should be easy to
head out to sea without having to proceed with a lot of pre-preparation tasks.
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The project owner has additionally to the requirements given by Easy Boating provided
requirements regarding type and performance of the concepts to eliminate. These
requirements had to be applied, and concepts that did not apply to these requirements were
eliminated during the pruning process. In a later stage, these requirements were also utilised
within the screening and scoring.
The requirements given the from the project owner are:
o Development time should be less than ten years
Concepts should cover a technological step that can be made by VP within a
decade, including closing the potential knowledge gap within VP or the time
needed to research an entirely new technology.
o Concepts should correspond to the product register at VP
Concepts should be in line with the product types that exist today, i.e., VP is not
interested in expanding into a new category of products.
o Developed efficiency
Efficiency should not be lower than existing solutions, in extent the ratio between
energy input and output of the system should not be less than on existing solutions.
In addition, a favourable genre of concepts was requested, this genre comprises of concepts
that utilise propellers as main propulsion. Consequently, given requirements from Easy
Boating and the project owner are prioritised during the elimination of concepts, this is due
to VP being the main stakeholder of that process.

5.3

End Users

In order to identify the requirements of the end users, it was decided to use face-to-face
interviews. The category of “End users” established in the stakeholder analysis were broken
down into several sub-categories in order to identify possible interviewees.
The sub-categories were:
o Service mechanics – Maintaining and repairing boats and marine drivetrains.
o Boat builders – Shipyards building commercial and leisure boats.
o Leisure users – Users operating boats for leisure.
o Lead users – Users operating boats as a part of their job.
In accordance with the literature [14] a customer selection matrix was established and can be
seen in Table 5. This was based on VP’s ratings of boat usage and the different sub-categories
of users. Moreover, it was created in order to decide the target number of users to be
interviewed within the different sub-categories.
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Table 5. A customer selection matrix showing the number of users to be interviewed within the different sub-categories.
Lead user

Leisure user

Boat
builder

0

30

3

5

0

2

Rating 3 - Continuous duty
Commercial - less than 2000
hours per year - Rescue, Coast
guard, Offshore supply, etc.

3

0

Rating 2 - 3000 - 5000 hours
per year - Fishing boats, Pilot
vessels, Work boats

0

0

Rating 1 - Unlimited number
of hours per year Coastal
fishing vessels, Tugs,
Trawlers, etc.

0

0

Customer Selection matrix
Rating 5 - Pleasure crafts Less than 300 hours per year
Rating 4 - Light duty
commercial D4/D6 less than
800 - hours per year, D9/D16
Less than 100 hours per year Police, ambulance, RIB tours
etc.

Service
centres

3
1

0

The main part of the performed interviews was carried out during the Gothenburg boat
show. However, some of the interviews were performed in the pre-study of this project,
which included two lead users, one leisure user and one service centre. The Gothenburg boat
show is a yearly event at the Swedish Exhibition and Congress Centre drawing up to 65,000
people [20]. Furthermore, the boat show is an opportunity for exhibitors such as boat
builders, service centres, powertrain manufacturers and companies selling boat accessories
to display their products. Organisations such as boat clubs, the Sweden Rescue and the
Swedish Coastguard exhibit their boats and demonstrate their organisations to the public.
Through experience from the pre-study interviews, a decision was taken to perform the
interviews by a conversation with the interviewees without disclosing that it was, in fact, an
interview. All the interviewees were interviewed regarding the steering of boats or the
steering mechanisms of a boat from their perspective, the interview questions can be seen in
Appendix B. In accordance with the literature, the process continued until the answers were
repeated and no more requirements were forthcoming [14].
The leisure users were picked randomly and interviewed at the boat show, their requirements
for the steering of a boat was:
o Minimise drifting due to the wind
o Ease of maintenance
o Should not have too high fuel
consumption
o Plenty of effect

o It should just work
o Easy to get service if requested
o It should be easy to head out to
sea
o Low price
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o The noise from drivetrain and
engine should be low

o The engine and drivetrain should
not vibrate too much

The interviewed lead users consisted of volunteers from Sweden Rescue and employees of
the Swedish Coast Guard. This category gave the following requirements:
o Need the ability to lift props in
order to proceed into shallow
water
o Ease of maintenance
o Quick efficient steering at low
and high speed
o Long service intervals

o Intuitive and easy to drive at high
and low speed
o Durability products
o Should be of no harm for
individuals in water
o Extreme manoeuvrability at low
speed
o Robust solution

Two service centres were interviewed during the boat show and one had been interviewed
previously. Their requirements were as follows:
o
o
o
o
o

Ease of maintenance
Quick delivery time on spare parts
Close contact with the manufacturing company
Close communication with the costumers
The service points are placed where they can be reached easily

Since the boat building industry is diverse it was of importance to gain perspectives from
several different kinds of boat builders, they were therefore selected based on their products.
Companies building boats for commercial usage as well as companies building boats for
leisure usage were interviewed to cover the diversity from that sub-category. Their
requirements were:
o High-quality products to be able
to sell
o Not too bulky
o Low price products so that the
boats can keep lower price
o Not to heavy

5.4

o Easy to install
o It is important that it doesn't alter
the features of the boat hull

Compile Requirements

In order to visualise and evaluate the given information from the stakeholders of the concept
elimination process, a compiled document of 59 requirements was created. This document
includes the information stated from each category of stakeholder and translations into
requirements that do not add weight or is too general, e.g., “extreme manoeuvrability at low
speed” was translated into “product allows manoeuvring in small passages, sharp turns, and
in water with a lot of obstacles”. Furthermore, requirements which were un-detailed or hard
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to understand were described within the document, this to establish a common view of the
requirements before evaluating and weighting them.
When an understanding of the requirements was established and shared, the evaluation was
performed. This evaluation was done by eliminating following requirements:
o Duplications deriving from different stakeholders that made the same statements.
o Requirements that were covered by other requirements, e.g., the criteria “does not
add unnecessary weight to the boat” is covered by requirement stating that the
efficiency shall not be lower than for existing products, this because adding weight
deriving from a steering mechanism will lower the efficiency.
o Requirements which did not correlate with the problem were excluded e.g., the
requirement “Intuitive to drive at high-stress levels” was excluded due to that
developed concepts do not cover the integration between concepts and user.
This first evaluation also provided a more generic detail level of the requirements, which is
important when evaluating the concepts, this to not end up with a skewed result. See
compiled list in Appendix C.

5.5

Weighting of the Requirements

From the stakeholder analysis, the relative importance between the different stakeholders
was attained, where the focus was firstly on the given requirements from VP and secondly
from Volvo Group and the end users.
The first weighting of the requirements was made with the relative importance of the
stakeholders in mind. A weight was applied to the requirement by giving it a rating from one
to five, with a five stating the most important. All requirements that scored a three or lower
was then further evaluated, and comments on why they were of less importance were noted
within the requirement document, e.g., the requirement “Decreases drifting due to water
currents” was given a three due to that the developed concepts cover solutions for better
manoeuvrability, therefore, no systems to dynamically adjust a boat when drifting are created
due to not being part of the problem solving. Consequently, this process resulted in nine
requirements which rated higher than a three.
In order to further evaluate these nine requirements, a matrix that entails the requirements
to be weighted against each other was applied. The requirements were listed both
horizontally and vertically onto the matrix, and explanations to each requirement were
established to make them clear. See this matrix in Table 6.
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Manoeuvrability at high speed

Durability

Manoeuvrability at low speed

It`s a Sustainable product

Not harmful or annoying at crowded
harbours

Efficiency
Its easy to prepare the product for use

Similarities to existing product at VP

Development time

Table 6. The matrix used to weight the requirements against each other. Own material.

Development time

Slight adjustments on existing
products is favourable
Ratio of the energy input to the
boat and out coming benefits of
the system is not less than current
systems
The product features should not
alter the environment in crowded
spaces. E.g., harbours by pollution
or noise.
Product does not add extra waste
and minimizes the risk of
pollution. E.g., hydraulic fluids,
fuel or other substances harming
the environment.
The products ability of making it
easier to manoeuvre at low speed
e.g., docking in harbours or
manoeuvring at crowded spaces
The products durability in relation
to existing solutions. Ability to
work every time, withstand usage
and heavy manoeuvring and set
time.
The products ability of making it
easier to manoeuvre at high
speed e.g., evasive manoeuvres,
and at rough sea

Similarities to existing products at VP

Efficiency

Requirements

Not harmful or annoying at crowded
harbours

It`s a Sustainable product

Manoeuvrability at low speed

Durability

Manoeuvrability at high speed

TOT Score

Explanation
Low development time is
favourable

0

0

0 0

0

0

0

0

0

The requirements were weighted within each intersection, this by evaluating if the
requirement from a column was believed to be of higher importance than the responding
requirement from a row, if yes, the intersection square was assigned the number one. If not,
it was assigned a zero. The inserted values were then summarised, providing each
requirement with a score and the relative importance could be obtained. In the first step,
before the screening process, the matrix was filled to proceed with the concepts screening
process. The requirements were then evaluated and decisions were taken on which
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requirements not to use during the screening process, see the matrix and the motivation for
each eliminated requirement in Table 7. Furthermore, decisions on a number of requirements
to use during the screening process is stated in the concept screening chapter 5.5.
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Table 7. The matrix used to weight the requirements, performed by the development team.

Requirements

Not harmful or
annoying at
crowded harbours
It`s a Sustainable
product
Manoeuvrability at
low speed

Durability

Manoeuvrability at low speed

Durability

Manoeuvrability at high speed

0

It`s a Sustainable product

Efficiency

Not harmful or annoying at crowded harbours

0

It is easy to prepare the product for use

Similarities to
existing products
at VP

Efficiency

Development time

Similarities to existing product at VP

Development time

Requirements

0

1

0

1

1

1

1

1

1

0

0

1

1

1

0

0

0

0

1

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

1

1

0

0

0

0

0

0

1

1

1

0

Manoeuvrability at
high speed

0

0

1

0

1

1

1

0

TOT Score

0

0

4

0

2

6

6

3
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Explanation for elimination of
requirements to screening
The development time is of less
value since products with higher
efficiency or manoeuvrability is
favourable. In addition, through
pruning all concepts are within
the set time frame
The similarities to VPs products
is of less value since products
with higher efficiency or
manageability is favourable. In
addition, through pruning all
concepts are within a similar
category of products
Harm to environment is covered
by sustainability. Noise and
other annoying features are less
important than efficiency and
manoeuvrability.

Requirement rates too low
relatively to the other
requirements, and risks to
unbalance the result.
Requirements is therefore not
used, however the result needs
to be evaluated with this in
mind.
High speed manoeuvring is not
altered by the developed
concepts, and is therefore when
screening pre-set to a zero
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In the second step, before the concept scoring process, the matrix was given to the mentor,
an engineer and the manager of the transmission department at VP. They were asked to fill
it in and to give comments on the different requirements. To conclude the data and set the
weight for each requirement, the evaluation was performed based on their and the
development team’s perception of the requirements. The compiled data, weight and
motivations to each requirement which were eliminated before the scoring process is
presented in Table 8.
Table 8. The matrix used to weight the requirements against each other, performed by employees at VP.

REQUIREMENTS

Development time

Similarities to existing
products at VP

Evaluated
values given by
the participants

Weight of
requirements to
use

1

Through pruning all
concepts are within a
similar category of products.
In addition, the similarities
to VPs products is of less
value, according to
participants, relatively to
the other requirements.

0,67

Efficiency

2,7

14%

Not harmful or annoying at
crowded harbours

4,7

24%

It`s a Sustainable product
Manoeuvrability at low
speed

2,3

12%

4

21%

Durability
Manoeuvrability at high
speed

3,3

Sum of requirements to use

Explanation for elimination
of requirements before the
scoring process
Through pruning all
concepts are within the set
time frame. In addition, the
development time is of less
importance, according to
participants, relatively to
the other requirements

5,6

29%

19,3

100%
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6 Concept Elimination
This chapter consists of the tools and steps taken to eliminate concepts in a systematic way.
The collected requirements were used in the elimination of the concepts, which was
performed in three stages. The three stages used to eliminate concepts were based on the
literature and chosen because of their ability to incorporate the requirements in the
elimination.

6.1

Pruning of Concepts

The pruning of concepts was performed in several steps. In agreement with VP's wishes, the
first step of pruning was carried out with the three main requirements supplied by the project
owner at VP.
The three requirements used in the first step of pruning were:
o Development time should be less than ten years
Concepts should cover a technological step that can be made by VP within a decade,
including closing the potential knowledge gap within VP or the time needed to
research an entirely new technology.
o Concepts should correspond to product register at VP
Concepts should be in line with the product types that exist today, i.e., VP is not
interested in expanding into a new category of products.
o Developed efficiency
Efficiency should not be distinctly lower than existing solutions, in extent the ratio
between energy input and output of the system should not be less than on existing
solutions.
By using these three requirements, the concepts fulfilment of the requirements was evaluated.
The concepts which did not fulfil the requirements were eliminated while the rest was kept
for further investigation. When a concept did not satisfy a requirement a short explanation
on why was made on the physical sketch of the concept. The eliminated concepts were
categorised according to which of the three requirements they did not fulfil. Furthermore,
the requirement which eliminated the most concepts was “efficiency”; this was in large part
due to the amount of drag created by the concepts when the boat is travelling in water.
The second step of the pruning was performed with the additional set of requirements. These
were based on the collected requirements of leisure users, lead users, boat builders, service
mechanics, VP and the Volvo Group.
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The five requirements used in the second step of pruning were:
o Not harmful or annoying at crowded harbours
The product features should not alter the environment in crowded spaces, e.g.,
harbours by pollution or noise.
o It is a Sustainable product
The product does not add waste and minimises the risk of contamination, e.g.,
hydraulic fluids, fuel or other substances harming the environment.
o Manoeuvrability at low speed
The products ability to make it easier to manoeuvre at low speed, e.g., docking in
harbours or manoeuvring at crowded spaces.
o Durability
The product's durability relatively to existing solutions. Ability to continually work,
withstand usage and heavy manoeuvring, throughout the set lifetime of the product.
o Manoeuvrability at high speed
The products ability to make it easier to manoeuvre at high speed, e.g., evasive
manoeuvres, and at rough sea, etc.
The concepts were eliminated using the same method as in the first step of the pruning, with
the requirements for manoeuvring being the cause for most eliminations. Several concepts
could not be eliminated on definite reasons, and the durability of some of the concepts
remain a point for further research. These concepts were classified as "unsure" and not used
in the next steps of concept elimination.
Throughout the pruning, it was discovered that several concepts did not fit within the
boundaries of the project scope. However, these concepts, which could be of interest to the
project owners and VP, were therefore classified as "others". These were at a later stage
combined with or applied to concepts within the scope to enhance and improve the overall
concepts. As a result of this process, a total number of 154 concept were pruned.

6.2

Concept Screening

In order to continue the concept elimination, a concept screening was performed. As stated
in the methodology (section 3.3.2), 12 concepts are a preferable number to enter into the
screening matrix. However, since the pruning of the concepts were performed according to
Set-Based Engineering, no concepts could be eliminated without a distinct un-fulfilment of
the used requirements. As a result of this, the concept screening process was initiated with a
larger number of concepts then the suggested 12. Since the concepts remaining after the
pruning were of different levels of specification they were developed to the same level of
technical specification before entered into the concept screening matrix. Furthermore, the
concepts were of differing product categories, this in combination with the usage of a
reference product within the matrix, resulted in a division of the concepts into the two

36

Steering Solutions for Easy Boating

categories “add-ons” and “complete solutions”. The “add-ons” are a selection of concepts
which can be added to the boat in addition to an existing drivetrain solution. The “complete
solutions” are concepts which can be used to power and manoeuvre the boat without the
help of another system.
When the concept screening was initiated, all the requirements used in the concept pruning
were entered into the matrix. When applying the matrix, it was noticed that the requirements
used in the concept pruning were of unequal value. This gave the matrix unfair results, since
when a concept was given a negative mark the concept was eliminated based on a “less
important” requirement. Other requirements had already been fulfilled with a “Yes” or a
“No” in the pruning process. It was therefore decided to use three requirements with roughly
the same weight, in order to get a fair and correct result from the concept screening matrices.
Within the matrix covering the “add-ons” seen in Table 9, the concepts were compared to a
bow-thruster solution, which were an externally mounted thruster mechanism powered by
an electric motor [6].

Concepts

3. Efficiency

21. It`s a Sustainable product

23. Manoeuvrability at low speed

Sum +

Sum 0

Sum -

Score

Rank

Rank

Selection criteria ADD-ONS:
Solutions added
to an already existing drive solution
on the vessel.

Table 9. The matrix used to screen the “Add-on” concepts.

Sleipner EX-Serie
(External mounted
Bow thruster)

0

0

0

0

3

0

0

6

REF.

1

Concept A

+

0

+

2

1

0

2

1

M

2

Concept B

0

0

+

1

2

0

1

3

M

3

Concept C

-

0

-

0

1

2

-2

7

R

4

Concept D

0

0

+

1

2

0

1

3

M

5

Concept E

+

0

0

1

2

0

1

3

M

6

Concept F

+

0

+

2

1

0

2

1

M

Will create drag and
affect efficiency as
well as being less
manoeuvrable at low
speeds

As can be seen in Table 9 only one concept was eliminated from the “add-ons”, the
remaining five were kept for further investigation.
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Within the matrix covering “complete solutions,” the concepts were compared to a
sterndrive solution, see the matrix in Table 10. The sterndrive solution used in this matrix is
a product sold by VP called the DPH, which is their sterndrive for heavier usage and a higher
power output. The mechanisms steering this sterndrive are two externally mounted hydraulic
pistons, placed one on each side of the sterndrive.
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0

3

0

0

20

Move on (M) Combine (C)
Remove (R)

Rank

0

Score

21. It`s a Sustainable
product
23. Manoeuvrability at
low speed
Sum +
0

Sum -

0

Sum 0

DPH

3. Efficiency

Selection criteria
COMPLETE SOLUTIONS:
Solutions capable of
propelling the vessel.

Table 10. The matrix used to screen the “Complete solution” concepts.

Concept G

-

+

+

2

0

1

1

11

R

Concept H

0

+

+

2

1

0

2

1

M

Concept I

0

+

+

2

1

0

2

1

M

Concept J

-

-

+

1

0

2

-1

23

R

Concept K

0

+

0

1

2

0

1

11

C W 14

Concept L

0

+

0

1

2

0

1

11

R

Concept M

0

+

+

2

1

0

2

1

M

Concept N

0

+

+

2

1

0

2

1

M

Concept O

0

+

+

2

1

0

2

1

M

Concept P

0

+

+

2

1

0

2

1

M

Concept Q

0

+

0

1

2

0

1

11

R

Concept R

0

+

0

1

2

0

1

11

R

Concept S

0

+

0

1

2

0

1

11

R

Concept T

0

+

0

1

2

0

1

11

C W 14

Concept U

0

+

+

2

1

0

2

1

M

Concept V

0

0

0

0

3

0

0

20

Concept X

-

-

+

1

0

2

-1

23

R

Concept Y

0

-

+

1

1

1

0

20

R

Concept Z

0

+

0

1

2

0

1

11

R

Concept Å

0

+

0

1

2

0

1

11

C W 14

Combined
concepts
Concept Ä

0

+

+

2

1

0

2

1

Concept Ö

0

+

+

2

1

0

2

1

Concept AA

0

+

+

2

1

0

2

1
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Got a - at efficiency since weight
of the electric- and diesel engine
will be a problem, not accepted
by project owner

Not a sustainable solution, also,
the water flow will be disturbed
creating unnecessary drag.
Will not increase
manoeuvrability at low speed
Will not increase
manoeuvrability at low speed

Will not increase
manoeuvrability at low speed
Will not increase
manoeuvrability at low speed
Will not increase
manoeuvrability at low speed
since the angle of the sterndrive
will be the same
Will not increase
manoeuvrability at low speed
Will not increase
manoeuvrability at low speed,
momentum given when
propelling will rotate the
sterndrive
Not a sustainable solution, also,
the water flow will be disturbed
creating unnecessary drag.
Not a sustainable solution
Will not increase
manoeuvrability at low speed
Will not increase
manoeuvrability at low speed
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As can be seen in Table 10, 13 concepts (concepts rating lower than one) were eliminated in
the “complete solutions” concept screening matrix. The eliminated concepts were reviewed
and the reasons for their elimination were motivated in the matrix. This was done in order
to make sure that no concepts were eliminated unjustly. As can be seen in Table 10 several
concepts were combined and evaluated in the matrix. These three combinations were ranked
high and were therefore kept for further exploration.
Ultimately, 14 concepts were eliminated in the matrices, and a total of 15 concepts were kept
for further investigation.

6.3

Concept Scoring

The concept scoring was performed with the same categories of concepts as in the concept
screening and with the same references in the respective matrices. All concepts which were
not eliminated during the concept screening were entered into the concept scoring matrices.
The concept scoring was performed with the use of the requirements evaluated by VP. These
requirements were, as described in section 5.3, evaluated and weighed by employees from
VP. The requirements “Development time” and “Similarities to existing products at VP” were
exempt from the concept scoring matrix based on them being ranked lowest by VP as well
as being already fulfilled with a “yes” or “no” in the pruning process. The scoring process
was performed with a scale of one to five, and each concept was evaluated and ranked
according to how well the requirement was met in comparison to the reference. See the
concept scoring matrices for both “add-ons” and “complete solution” in Table 11 and Table
12.
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Sleipner EXSerie
(External
mounted
Bow
thruster)
Concept A

Concept B

Concept D

Concept E

Concept F

Durability

Manoeuvrability at high speed

Manoeuvrability at low speed

It`s a Sustainable product

Not harmful or annoying at crowded harbours

Efficiency

Selection criteria ADD-ONS: Solutions added to
an already existing drive solution

Table 11. The concept scoring matrix of the “add-ons”, performed with a bow-thruster as a reference.

Weight

0,12

0,21

0,10

0,18

0,25

0,15

Total
score
1,00

Score
(1-5)
Weighte
d score

2,5

2,5

2,5

2,5

2,5

2,5

2,5

4

0,2975

0,52

0,255

0,4425

0,62

0,365

3

2

2

4

2,5

1

2,451

5

0,357

0,416

0,204

0,708

0,62

0,146

3

3

3

4

2,5

2

2,907

2

0,357

0,624

0,306

0,708

0,62

0,292

2,5

3

4

4

2,5

2,5

3,0225

1

0,2975

0,624

0,408

0,708

0,62

0,365
0

6

2,891

3

Score
(1-5)
Weighte
d score
Score
(1-5)
Weighte
d score
Score
(1-5)
Weighte
d score
Score
(1-5)
Weighte
d score
Score
(1-5)
Weighte
d score

0

0

0

0

0

0

4

2,5

3

3

2,5

3

0,476

0,52

0,306

0,531

0,62

0,438
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REF

Already
existing
solution
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Durability

Manoeuvrability at high speed

Manoeuvrability at low speed

It`s a Sustainable product

Not harmful or annoying at crowded
harbours

Efficiency

Selection criteria COMPLETE SOLUTIONS:
Solutions capable of propelling the vessel.

Table 12. The matrix used to score the “complete solutions”, performed with the same requirements as the “add-ons”
and with the sterndrive solution as a reference.

Weight

0,12

0,21

0,10

0,18

0,25

0,15

Total
score
1,00

DPH

Score (1-5)

2,5

2,5

2,5

2,5

2,5

2,5

2,5

11

0,2975

0,52

0,255

0,4425

0,62

0,365

Concept H

Weighted
score
Score (1-5)

3

2

3

3

2,5

2

2,522

10

0,357

0,416

0,306

0,531

0,62

0,292

Concept I

Weighted
score
Score (1-5)

3

1

3

4

2,5

3

2,637

9

0,357

0,208

0,306

0,708

0,62

0,438

Concept M

Weighted
score
Score (1-5)

3

3

2,5

3

3

3

2,949

7

0,357

0,624

0,255

0,531

0,744

0,438

Concept N

Weighted
score
Score (1-5)

3

4

4

5

3

3

3,664

1

0,357

0,832

0,408

0,885

0,744

0,438

Concept O

Weighted
score
Score (1-5)

3

4

4

2,5

3

3

3,2215

4

0,357

0,832

0,408

0,4425

0,744

0,438

Concept P

Weighted
score
Score (1-5)

3

4

4

4

3

4

3,633

2

0,357

0,832

0,408

0,708

0,744

0,584

Concept U

Weighted
score
Score (1-5)

3

4

4

4

2,5

2

3,217

5

0,357

0,832

0,408

0,708

0,62

0,292

Concept Å

Weighted
score
Score (1-5)

3

4

4

3

3

3

3,31

3

0,357

0,832

0,408

0,531

0,744

0,438

Concept Ö

Weighted
score
Score (1-5)

3

2

4

3

3

2

2,748

8

Weighted
score
Score (1-5)

0,357

0,416

0,408

0,531

0,744

0,292

3

3

3

3

3

3

3

6

Weighted
score

0,357

0,624

0,306

0,531

0,744

0,438

Concept
AA
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7 Result and Analysis
The result of this project are the three concepts which ranked the highest from each of the
concept scoring matrices. Consequently, the concepts ranking four or lower have been
eliminated.
The “complete solutions” are a selection of concepts that can power and manoeuvre the
boat without the help of other systems. The three remaining concepts in this category are
based on mechanical solutions which do not provide a knowledge gap to close for VP, and
can therefore be implemented within the set time frame. By being electrically driven instead
of hydraulically, the concepts share a lessened risk of harming the environment, as well as
being more sustainable products. Furthermore, the concepts have been valued as having a
positive impact on the manoeuvrability of the boat, while not having a negative impact on
the effectiveness.
The “add-ons” are concepts which can be added to increase the manoeuvrability, but need
another system to propel the boat. Concept F is a relatively simple mechanical solution which
can be easily developed. Concept B is of slightly more complexity; however, it is similar to
VP’s existing solutions and the transmissions department have the knowledge to develop the
solution within the set time frame. These two concepts are based on electrical drives to
improve the sustainability of the concepts. Concept D is a software solution which comprises
of existing electrical components, and the competence needed for programming the software
exists within the electrical department at VP.
Detailed descriptions of the concepts are excluded from this report due to the non-disclosure
agreement.
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8 Conclusion
The concepts that rated the highest during the scoring utilise the same categories of steering
and are of similar design. However, the amount of re-designing needed to develop the
different concepts varies. This said, the developed concepts provide the ability to establish a
sequence of product development for VP based on the trends of evolution from TRIZ and
the design of the concepts. In addition, the category of add-on concepts provides products
that can be implemented onto existing products. This proposed product development plan
is handed to VP due to the non-disclosure agreement.
The goal of this project was to develop three concepts for VP, aiding to accomplish their
vision of Easy Boating. However, the different concepts generated during the process ended
up being of two different categories and it was therefore decided to select three concepts
from each category. This said, the main objective was not to reach an exact number of
concepts. Therefore, it is believed that the proposed concepts fulfil the objective, and that
the six concepts instead of three does not alter this.
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9 Discussion
During the process of interviews, it was discovered that even though the steering of boats
can be improved and made easier, it is not considered as a problem by most boat owners.
However, it provided the team with a better understanding of a boat owner’s perspective
regarding the manoeuvring of a boat. Through the interviews and research of the VP’s goals
and vision, the most essential requirements have been covered and used in the process. The
interviews are an uncertain part of the process, since they were performed by interviewers
with little to less experience of interviewing. However, the main needs of the users seem to
have been covered and no revision have been needed on this part of the process.
Furthermore, the first step of the weighting and screening of the requirements were
performed without the aid of the employees of VP, this can have affected the final
requirements which were used when eliminating concepts. Moreover, the final weighting of
the requirements was performed by employees at VP, which was done individually, since it
was difficult to gather the employees at one time to process the weighting as a group.
However, if a group had been gathered, the hierarchy of the group and the persuasive abilities
of some of the individuals might have affected the outcome.
The screening of the concepts was performed with three requirements, this did in turn result
in the matrices being “fragile” in character, since one mark (negative or positive) could “make
or break” the concept. However, the use of only three requirements of roughly the same
weight ensured a simple process with justly evaluated concepts. The scoring of the concepts
was performed in the same manner as the screening but based on requirements weighted by
the employees at VP, this ensured elimination of concepts based on VP’s goals. Furthermore,
the requirement regarding durability, which were used in the scoring was evaluated with some
uncertainties. This was because the undetailed state of the concepts, which makes the
durability problematic to evaluate properly. Throughout the entire process, all eliminated
requirements and concepts have been revised and documented to ensure that eliminations
have been based on unbiased reasons.
The concepts themselves have been narrowed down to the final six, which are mostly
developments of existing solutions or contain parts of existing solutions. However, from the
earlier stages of the concept generation process, there are concepts of completely new
categories which can be of interest for VP to study for the future.
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A: Translations of characteristics
Need

Translation

Function

Translation

Stable

F13. Stability of the object

Manufacturability

F32. Ease of manufacture

Stable

F13. Stability of the object

Maintainability

F.34 Ease of repair

Min. amount of drag

F22. Loss of energy

Weight

F1. Weight of moving object

Min. amount of drag

F22. Loss of energy

Propulsion

F9. Speed

Min. amount of drag

F22. Loss of energy

Steering

Force (intensity)

Not too heavy to steer

F.33 Ease of operation

Weight

F1. Weight of moving object

Not too heavy to steer

F.33 Ease of operation

Number of moving parts

F. 36 Device complexity

Weight

F1. Weight of moving object

Cost

Weight

F1. Weight of moving object

Life span

F.15 Durability of a moving object

Manufacturability

Corrosion resistant

-

Manufacturability

Product footprint

-

Amount of material

F.32 Ease of manufacture

Life span

F.15 Durability of a moving object

Amount of material

F.32 Ease of manufacture

Rigidity

F. 14 Strength

Corrosion resistant

F. 16 Durability of a non-moving object

Cost

-

Corrosion resistant

F. 16 Durability of a non-moving object

Product footprint

-

Cost

-

Life span

F.15 Durability of a moving object

Cost

-

Maintainability

F. 34 Ease of repair

Cost

-

Product footprint

-

Maintainability

F. 34 Ease of repair

Size

F 7. Volume of moving object

Speed

F 9. Speed

Volume under water

F 12. Shape

Appendix

Steering Solutions for Easy Boating

B: Interview questions

Users

Interview Questions

Boat builders

Appendix

Lead/Leisure users

Service centres

What kinds of steering do
you install in your boats?
Why do you install that kind
of system?

When and how do you use
your boat?
What kind of steering
system do you use?

What are the most common
steering systems you work with?
What kind of technology is used
in these systems, hydraulics,
electrics?

Are there any important
characteristics you look for
in a steering system?

What are good about the
system you use?

what are the good characteristics
of the systems you work with?

Have you had any problems
with the steering systems?
what are the good
characteristics of the
systems you install?

What are bad about the
system you use?
Have you had any problems
with the system you use?

What are the bad characteristics
of the systems you work with?
What are important about
steering mechanisms?

What are the bad
characteristics of the
systems you install?

What are important
characteristics of steering
systems?

Are there any characteristics
missing from the available
systems?

Are there any
characteristics missing from
the available systems?

Are there any characteristics
missing from the available
systems?

Steering Solutions for Easy Boating

C: Compiled list of requirements
NR

Category

NR within
category

REQUIREMENT

Translated

TARGET

Weighting

1

Volvo
Penta

1

Concepts should
cover technological
steps that can be
made in near time

Technological near
time

<10Years

5

2

2

Concepts should be
in line with the
product types that
exists today at VP

Concept
corresponds to
product register at
VP

5

They don't want to build
boats, no completely new
solutions that provides a
new branch of products.

3

3

Efficiency should
not be clearly lower
than existing
solutions

Developed
efficiency

5

Efficiency effective
correlates with Volvo
Groups vision of fuel
efficiency and lower carbon
alternative

4

4

Usage of propeller
will be favourable as
main propulsion

Propeller as main
propulsion

5

5

5

Minimize
complexed service
intervals

Sequenced service
intervals

x

Appendix

COMMENT

Comments on
excluded
requirements

If the efficiency and
manoeuvrability is better,
the concept will be
selected anyway, despite
having no propeller
propulsion.
Example in the middle of
the use period for leisure
boating, e.g., having to lift
the boat out of the water.

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat,

Steering Solutions for Easy Boating

6

6

Minimize need of
lifting boat out of
the water during
boating season

Boat does not need
to be lifted out of
the water during
boating season

x

Does not correlate with the
problem to solve in project,
regarding manoeuvrability
of a boat.

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

7

7

Increase time
between service

Longer service
intervals

x

Does not correlate with the
problem to solve in project,
regarding manoeuvrability
of a boat.

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

8

8

Less experience
required for
manoeuvring a
boat.

Intuitive steering

x

Concepts to develop does
not cover the integration
between concept and user,
e.g., joystick or steering
wheel

Concepts to develop does
not cover the integration
between concept and user,
e.g., joystick or steering
wheel

9

9

Less experience and
time required to
maintain the
drivetrain

Daily maintenance
can be performed
without high
demand on
experience

x

Less required experience is
needed to perform daily
maintenance on the
drivetrain end engine.

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat,

10

10

High lifespan

Increased durability

4

11

11

It should be easy to
head out on sea
without a lot of
preparation

It’s easy to prepare
the product for use

x

12

12

Reduce the use of
hydraulic

No hydraulic use

5

Minimizing the pollutions,
and problems occurring
from the system

Included within
Requirements of
sustainable products (nr21)

13

13

Minimize bending
over universal joint

No bending over
universal joint

5

Bending causes vibration,
and minimize the life span
of the product.

Included within
Requirements of durability
(Nr40)

Appendix

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat,
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14

Volvo AB

1

Fuel efficiency and
lower carbon
alternatives

Fuel efficient
product

4

Due to climate change and
resource scarcity. There is
widespread agreement that
burning of fossil fuels,
including oil and diesel, is a
major source of greenhouse
gas emissions. Government,
business, and other
stakeholders aiming for a
sustainable transport sector
are responding by
improving fuel efficiency
and moving towards lower
carbon alternatives.

15

2

Urbanization
demands

Reduced noise,
pollution and
congestion

4

A lot of people locates at
small regions of earth and
therefor big cities dace
social and environmental
problems. Including
congestion, noise, accidents
and pollutions. Transport
and infrastructure industry
needs sustainable and
efficient solutions for each
type of urban development.

16

3

Evolving against
autonomous
vehicles

Decrease human
interaction

x

Growing automation in
transportation and
infrastructure solutions
using self-driving vehicles,
will create greater safety,
fuel savings, and transport
efficiency.

Appendix

Concepts to develop does
not cover the integration
between concept and user,
e.g., joystick or steering
wheel
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17

4

Evolving trade and
regulatory
environment

Preserve integrity
of data in systems

18

5

Customer service

Maintainability

19

6

Safety for users

20

7

Safety for
employees

Appendix

x

new value resulting from
connectivity,
but at the same time
governments, businesses,
and other stakeholders must
adapt rapidly
to ensure the protection of
data as well as integrity in
diverse market
environments.

Concepts to develop does
not cover software or data

Product is safe for
users

5

Product is safe for
employees

5

Our goal is to reduce the
risk of accidents and
mitigate the
consequences of any
accidents that may occur as
well as to improve the
personal safety and the
work environment of the
drivers of our vehicles and
equipment as well as our
employees

Concepts that are less safe
relatively to existing
solutions will be eliminated
anyway. Therefor the
requirement is covered by
obvious nature.
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21

8

Environmental Care

It`s a Sustainable
product

5

We believe that it is selfevident that our products
and our
operations shall have the
lowest possible adverse
impact on
the environment. We strive
to design our processes and
products in such a way that
energy, natural resources
and raw material
shall be used efficiently. We
aim to avoid materials and
methods posing
environmental and health
risks.

22

9

Common
Architecture and
Shared technology
(CAST),
Streamlined
production

Possibility to share
the technology
within the group

3

Many of the Volvo Group’s
products have a common
architecture and shared
technology (CAST) based
on a modularized concept
and standard interfaces.
CAST is the common base
around which
brand unique products are
developed. At the centre of
this strategy are the Volvo
Group’s heavy-duty and
medium-duty engine
platforms. There is also a
high degree of commonality
within electronics and
transmissions while at the
same time maintaining
brand-specific attributes.

Appendix

If concept can be utilized,
Volvo will do it anyway,
therefor of no interest for
further concept evaluation
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23

Leisure
Drivers

1

Manoeuvring at low
speed

Increase
manoeuvrability at
low speed

5

24

2

Minimize drifting
because of water
current

Decreases drifting
due to water
currents

3

Developed concepts
covers solutions for better
manoeuvrability, therefore
adjustments when drifting
is easier to prevent by the
driver. No systems to
dynamically adjust boat
when drifting is created
due to not being part of
problem solving.

25

3

Minimize drifting
due to wind

Decreases drifting
due to wind

3

Developed concepts
covers solutions for better
manoeuvrability, therefore
adjustments when drifting
is easier to prevent by the
driver. No systems to
dynamic adjust boat when
drifting is created due to
not being part of problem
solving.

26

4

Ease of
maintenance

Maintenance by
user is easy

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

27

5

Should not have to
high fuel
consumption

Increased
Efficiency/Fuel
ratio

5

Covered by VP crit 3

28

6

Plenty of effect

29

7

It should just work

Reliability

4

Covered by crit 40
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30

8

Easy to get service
if requested

Service contact

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

31

9

It should Be ease to
head out at sea

Decreases the prepreparation tasks

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

32

10

Low price

Product has a
competitive price
tag

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

33

11

It should be low
noise from
drivetrain and
engine

Product does not
make a lot of noise

3

Covered by Volvo Groups
crit 15

34

12

The engine and
drivetrain should
not vibrate to much

Comfort for the
user

3

Concepts that are less
comfortable to use
relatively to existing
solutions will be eliminated
anyway. Therefor the
requirement is covered by
obvious nature.

1

Need the ability to
lift props in order
to proceed in to
shallow water.

The
transmission/props
can be elevated to
drive in shallow
water

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

2

Ease of
maintenance

Maintenance is
easy to perform,
both by users and
at service shops

x

35

Coast
Guard

36

Appendix

Minimize time away from
duty

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat
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37

3

Quick efficient
steering at low and
high speed

Quick efficient
steering at low and
high speed

4

38

4

Long service
intervals

The product can be
used during long
periods without
needing service

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

39

5

Intuitive and easy to
drive at high and
low speed

Intuitive to drive at
high stress levels

x

Concepts to develop does
not cover the integration
between concept and user,
e.g., joystick or steering
wheel

40

6

Durability products

The product does
always work to not
altering the safety
and the duty of the
coast guards

5

1

Should be no harm
for individuals in
water

Prevents risk of
harm on
individuals being
rescued by the boat

5

42

2

Extreme
manoeuvrability at
low speed

Allows
manoeuvring in
small passages,
sharp turns, and
water with a lot of
obstacles

4

43

3

Need the ability to
lift engines in order
to proceed in to
shallow water.

The transmission
can be elevated to
drive in shallow
water

x

41

Sea Rescue

Appendix

The products ability to
work each and every time
when needed, ability to
withstand heavy usage, and
work the complete set time
period.

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat
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44

4

Ease of
maintenance

Maintenance is
easy to perform,
both user
maintenance and at
service shops

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

45

5

Robust solution

Robust solution

4

Covered by crit 40

46

6

Long service
intervals

The product can be
used during long
periods without
needing service

3

Covered by durability and
reliability

47

7

Intuitive and easy to
drive at high and
low speed

Intuitive to drive at
high stress levels

x

Concepts to develop does
not cover the integration
between concept and user,
e.g., joystick or steering
wheel

48

8

Quick efficient
steering at high
speed

Quick efficient
steering at high
speed

5

1

Ease of
maintenance

Serve is easy to
execute

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

50

2

Quick delivery time
on spare parts

Low delivery time
on spare parts

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

51

3

Close contact with
manufacturing
company

Close contact with
manufacturing
company

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

49

Service
Centres
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52

4

Close
communication
with costumers

Close
communication
with costumers

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

53

5

The product to be
served is placed
where it can be
reached easily

Service points on
product are easy
reachable

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

1

High quality
products to be able
to sell

The product is of
high quality,
(service,
performance)

5

Factors that does not
correspond with problem
description in project, and
performance of product is
covered by crit 40

55

2

Not too bulky

The product looks
nice

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

56

3

Low price products
so that the boats
can keep lower
price

High
Performance/price
ratio

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat

57

4

Not to heavy

Does not add
unnecessary weigh
to the boat

4

Covered by efficiency VP
crit 3

58

5

Easy to install

Installation of the
product is easy and
not timeconsuming

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat.
Also, process to mount the
product, or details on how
its mounted is not included
in the concepts
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6

Appendix

it is important that
it doesn't change
the features of the
boats hull in to high
extend

Does not alter
other features on
the boat

x

Does not correlate with
the problem to solve in
project, regarding
manoeuvrability of a boat.
Also, process to mount the
product, or details on how
its mounted is not
included.

