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The Boat programme of the Finnish Funding Agency for Technology and Innova-

tion Tekes has encouraged Finnish boat industry companies to develop their busi-

ness operations and to make use of the best expertise available. The programme 

has created a large amount of new research results to assist in the development 

of Finnish products and services. However, the multiplication of cooperation be-

tween companies in the industry, researchers and Tekes has been an equally im-

portant result. This will bear fruit and produce better boats and services for years 

after the Boat programme has concluded. 

The Boat programme was launched in a market situation entirely different to the one 
we are in now. At the end of 2007, the challenge was increasing labour and production 
capacity to answer the increased demand. However, the boat industry worldwide had to 
adapt to the rapid decrease in sales across all markets in 2009. When the next period of 
growth begins, those companies that have been able to develop their products, services 
and operating methods during the recession will prosper the most. Finnish companies 
are ready, thanks to the support provided by the Boat programme. The programme’s 
main objective – renewing the industry to maintain and increase its competitiveness in 
a changing market – is even more current today.

The investments achieved in Finland have been noteworthy even at the international 
level, and they have been noticed by international industry actors. Over a period of four 
years, the programme’s total funding has been 22.2 million euros, of which Tekes has 
contributed 11.9 million with the remainder consisting of the companies and research 
institutions’ own inputs. A total of 44 company projects have been implemented within 
the programme’s framework, with a total volume of 15.0 million euros. Tekes has contrib-
uted 7.1 million euros to the company projects. The average project size was quite small, 
which reflects the predominance of SMEs in the industry. There have been 31 public 
research projects within the Boat programme (nine of which were parallel projects on 
the same subject). Their total volume has amounted to 7.2 million euros, of which Tekes 
has contributed 4.7 million.

Programme communications have been handled through websites, annual reports, 
the Finnboat News newsletter, and 15 separate seminars. The seminars at first focused 
on activating companies and informing them of the opportunities provided by the Vene 
programme. Later, the seminars’ focus shifted to presenting and disseminating the results 
of public research within the project. Several research projects also organised their own, 
open final seminars.

Foreword
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Matti Evola            Markku Hentinen          Jouko Huju

The boat business has always been international. The Finnish boat industry became 
a prominent SME industry especially due to the rapid growth of exports. Information and 
influences have traditionally been sought at exhibitions abroad and on fact-finding tours 
organised by Finnboat. The Vene programme also organised study trips to the University 
of Southampton in the UK and the IBEX professional exhibition in the USA, for example.

This final report presents summaries on all public research projects that received 
funding through the programme. The summaries’ purpose is to provide companies in 
the industry with information on the projects’ subject area, main conclusions and their 
utilisation in a format that allows readers to quickly decide the results’ applicability to 
their own operations.

Matti Evola, Tekes, Programme Manager
Markku Hentinen, VTT Expert Services Oy, Programme Coordinator
Jouko Huju, Finnish Marine Industries Federation Finnboat,  

     Chairman of the Programme’s Managing Team
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Research projects

Services and business operations

Vision 2025 – Finnish Boat Service Business Operations

The boat industry is experiencing a period of far-reaching change. Global 

competition and the fragmentation of people’s leisure time activities have 

significantly changed the operating environment of companies in the boat 

industry and have set new challenges for the future of the entire sector. The 

level of commitment and willingness to invest in a single hobby have reduced 

little by little, and this trend will keep growing in the future. At the same time, 

boating interests new customer groups with considerable purchasing pow-

er, but the current way of boating does not always answer the needs of mod-

ern customers. In such cases it is lamentably common for them to bypass the 

boating hobby. The Vision 2025 project seeks to find new paths towards in-

novative, customer-oriented business for the Finnish boat industry, boat ser-

vice companies and new companies. It offers tools for developing business by 

serving existing and new customer groups better.

Subject matter and application

Tightening international competition 
and changes in how people spend their 
leisure time have put companies in the 
boat industry in a challenging situation. 
The creation of new revenues requires 
better and more extensive customer 
service than before. Companies need to 
gain an in-depth understanding of what 
their new customers’ real boating habits, 
needs and preferences are like, and they 
need to be able to offer the products 
and services that best match them.

The two-stage Vision 2025 project 
of the Aalto University, the University of 
Turku and the Finnish Marine Industries 
Federation Finnboat strives to take up 

models and sources of growth, which 
will allow the Finnish boat industry to 
make the boating trend grow again by 
sharpening their operating methods 
and customer focus. The objective of 
the study is to provide a fresh perspec-
tive on the Finnish boat industry and 
new businesses on updating their busi-
ness operations. The final objective is to 
improve the customer orientation of the 
boating hobby. In other words, the ob-
jective is to create new room for growth 
for boating by better serving new and 
existing customer groups. 

The Vision 2025 project consists of 
two parts: a research project that was 
implemented in 2009, which charted 
the situation of boating and the boat-
ing services available at the time, and a 
project searching for new boater groups 
and operating models implemented in 
2010–2011. The analysis and reports of 

the challenge by describing how cur-
rent boaters, future boaters and com-
panies in the boat industry need to 
change. The project offers new business 

Figure 1. Multi-storey boat storage is still new in Finland..
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this project will be ready in the early 
spring of 2012. Both studies collected 
and mapped out information on the 
corporate field and on consumers by 
qualitative and quantitative methods.

The first stage was completed in 
2009. It tackled existing boat industry 
companies and organised boaters, i.e. 
boat club members, in particular. An 
extensive survey was posted to the 
member companies of the Finnish Ma-
rine Industries Federation Finnboat. The 
survey investigated the services then 
provided by Finnish companies, direc-
tions of future development and the 
challenges relating to changing busi-
ness operations. Active boaters were 
correspondingly questioned about 
their boating habits, current needs, 
service needs, spending power and the 
sufficiency of available services. 

The project’s second phase fo-
cused on the customer groups that had 
previously received less attention, and 
on new, innovative business models 
abroad. The study collected a dataset on 
approximately one thousand non-boat-

ing consumers that comprehensively 
describes the needs concerning leisure 
time activities, images relating to boat-
ing, the level of interest in boating as 
it now stands and the largest impedi-
ments to taking up the boating hobby. 
The idea was to chart the views of not 
only those interested in boating, but al-
so the views, prejudices and motives for 
leisure activities in general of consumers 
that shunned the hobby. To develop 
new business models, various innova-
tive service concepts and development 
paths, by which traditional encumbranc-
es and impediments relating to boating 
had been removed and new business 
created by gathering completely new 
customers to the hobby and reducing 
attrition, were studied worldwide.

Main conclusions

We received responses from approxi-
mately 60 boat industry companies and 
360 active boaters to the surveys con-
ducted during the first phase of the pro-
ject. The material was subjected to sta-

tistical analysis from several angles, and 
advanced methods of market research 
analytics were applied to it in order to 
differentiate various groups of consum-
ers and company operating methods. 
As a result, a three-group model of cur-
rent Finnish boaters was created, along 
with a description of each group’s needs, 
their attitude to the boating hobby and 
boating service purchasing power then 
and in the future.

The central theme of the study’s 
second phase is to specify two signifi-
cant groups: people interested in boat-
ing in its current form, who often have 
a monetary or time-related impediment 
to taking up the traditional boating 
hobby, and an almost forgotten group, 
who are not drawn to boating even in 
theory. The study’s second phase also 
collected the views of highly educat-
ed urban young adults on the boating 
hobby through group interviews. The 
premise was to enquire about the views 
of people who do not boat on the im-
age, impediments and attractiveness of 
boating. The central themes that arose 

Figure 2. Marina services should be improved further.
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during the second phase were difficulty 
of ownership, difficulty of starting boat-
ing, the idea that boating is an inherited 
pastime and the idea that the boating 
hobby takes up most of its practitioners’ 
free time. The study also reviewed 
where people who take up the boating 
hobby find information from, and what 
information is available for them.

Utilising the results

The results of the Vision 2025 project 
particularly help companies that pro-
duce services for the boating industry 
to better direct their development pro-
jects and services, and to recognise new 
potential user groups. Companies that 
design and manufacture boats can use 
the results to support the conceptual-
ising of new products. It is the project 
researchers’ wish that the results could 
genuinely be disseminated to com-
panies in order to develop the Finnish 
boating hobby, ensure competitiveness 
and improve services available for boat-
ers. The research team will also be glad 
to discuss cooperation and the more 
detailed utilisation of their results with 
companies. 

Contact information

Aalto University, School of Economics, 
Department of Marketing 
Paavo Häppölä 
paavo.happola@aalto.fi

University of Turku, Business and 
Innovation Development (BID) Centre 
Kaapo Seppälä 
kaapo.seppala@utu.fi 

Finnish Marine Industries Federation 
Finnboat  
Jouko Huju 
jouko@finnboat.fi

VETOMO – Study of the Finnish Boat Industry 

The project carried out at University of Vaasa studied typical procedures in 

the boat industry, and how the industry could be made to operate more prof-

itably. Approximately 50 Finnish boat industry companies or organisations 

were interviewed for the study. They include boat makers, subcontractors, 

retailers, boat leasers, travel companies and harbour operators. Finnish and 

international companies’ financial performance figures were also studied. 

We also conducted a consumer survey of about 200 respondents and took 

a look at the operations of foreign companies. The result report is based on 

the fruits of these interviews, financial figures, consumer opinions, findings of 

prior studies, investigation of foreign companies’ operations and the research 

team’s own thoughts on the operation and development opportunities of the 

industry.

Subject matter and application

The objective of the study was to gain 
an in-depth picture of the Finnish boat 
industry through analysis of the in-
dustry and the companies active in it. 
The study investigates the industry’s 
production processes and commercial 
processes, and compares Finnish opera-
tions with international examples.

The investigation comprehensively 
covers the actors related to the industry, 
including manufacturers, subcontrac-
tors, actors in the travel and hobby indus-
tries, repair and maintenance services 
and harbour constructors. The industry’s 
distribution of work and its subcontract-
ing practices and the general network-
ing development in the industry relate 
essentially to the inspection of the indus-
try’s processes. Developing cooperation 
and production to run as smoothly as 
possible is central to networking. The 
modularity of products plays an essential 
role in this development. Åbo Akademi 
was mainly responsible for the section of 
the VETOMO project that studied mod-
ularity.

The intention was to make use of 
both quantitative and qualitative data 
in the study. However, the collection of 
numerical data was skipped due to the 
considerable heterogeneity of actors in 
the field and the small size of the differ-
ent groups of respondents.

In the analysis of company strate-
gies, concentrating only on the strate-
gies of main contractors, which resem-
ble each other, might not provide a rich 
enough dataset. That is why the role 
of different groups of actors has been 
emphasised in the study. The study’s 
respondent groups were divided into 
the following categories:
 • Group 1. Boat manufacturers
 • Group 2. Subcontractors
 • Group 3. Retailers
 • Group 4. Actors in the travel and 

hobby industries
 • Group 5. Harbour construction, re-

pair and maintenance activities
 • Group 5. Consumers
 • Group 6. Foreign companies
 • Group 7. Organisations and other 

parties that work to develop the in-
dustry

mailto:paavo.happola@aalto.fi
mailto:kaapo.seppala@utu.fi
mailto:jouko@finnboat.fi
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It is essential to note that retailers, 
for instance, often also provide main-
tenance services or operate as import-
ers. Thus, the division into groups is 
not unambiguous. Within groups 1–5, 
we were especially interested in what 
each group expected of the other 
groups, what were the industry’s then 
current operating practices, and what 
the actors thought they could be in 
the future. Travel services in particu-

the diversity of their operations must 
be increased. This probably also means 
a reduction in the number of retailers. 
Cutting down the number of retailers 
will help to increase volume per retail-
er, which will in turn make it possible to 
improve cooperation with manufactur-
ers and quality, such as the competence 
of employees, as well as the diversity of 
operations, like the development of 
maintenance, repair and winter storage 
services and selling accessories. The 
manufacturers hold the key to develop-
ing retail. They should guide the retail 
field with a firmer hand.

The boat industry needs effectively 
functioning travel and hobby services 
to support it. The marketing of travel 
services relating to the boat industry is 
currently not at a very high level; for in-
stance, the Internet marketing of entre-
preneurs in the industry is still in its in-
fancy. Clear service products, interesting 
stories or image advertising are likewise 
not much used to support marketing. 
Hobbies, especially fishing, could play 
a much larger role in the industry’s op-
erations. The growth of hobby activities 
will create revenues for the industry in 
the form of both products and services. 
Furthermore, hobbies can balance the 
business cycles of the industry. A new 
form of conceptualising products and 
services for sale could also advance the 
industry’s development, especially on 
the travel side. Cottage or boat shares, 
various partial ownership arrangements 
or leasing agreements made with the 
customer at the moment of sale are all 
possible ways of lowering the buying 
threshold of customers and covering 
the investments of entrepreneurs more 
quickly. As a whole, hobbies and travel 
could play a much larger role in the de-
velopment of the boat industry.

lar, as an element supporting boating, 
have become even more attractive 
than before.

Diverging from the original idea, 
we also included consumer interviews 
in limited quantities (Group 5). The pri-
mary objective was to chart consumers’ 
attitudes towards the boating hobby. It 
was of particular interest how consum-
ers viewed boating in relation to motor-
cycling and caravanning, for example.

By studying foreign companies’ 
service concepts, we gained ideas on 
developing new operating models 
(Group 6). Ways of implementing re-
tail and retail support services (travel, 
harbours, maintenance, storage, mar-
keting) were studied instead of making 
comparisons in technologicy and pro-
duction.

Main conclusions

The following can be stated on the situ-
ation of the Finnish boat industry as a 
result of this study:

The products and production re-
sources of Finnish boatbuilding should 
specialise further. International compet-
itiveness can be increased by specialis-
ing in the resources that are required 
by operations, such as competences, 
manufacturing techniques or customer 
relations management, , 

Subcontracting activities in the 
boat industry should limit technical 
production and diversify the services. 
Demand outside Finland can also be 
promoted by limiting technical produc-
tion and focusing on operations. Re-
spectively, by increasing various services 
that tie up less capital, the profitability of 
operations in different economic condi-
tions can be balanced.

The quality of retailers’ service and 

Figure 1. The industry cooperates in the 
Finnboat Floating Show, for example.
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Public funds are used for harbour 
construction at present. From the per-
spective of developing the industry, 
the support could be targeted better 
by also providing it to companies, not 
just cities and municipalities. Harbour 
services play an essential role in de-
veloping the industry, and especially 
in increasing its internationality. Repair 
and maintenance services both balance 
out business cycles for entrepreneurs in 
the industry, and are vital to the indus-
try’s operation, particularly in trying to 
attract new boaters. This is why raising 
the level of service and integrating the 
services better with retail is crucial.

Utilising the results

The Finnish boat industry has clear 
strengths. By focusing on these 
strengths and developing them, while 
acknowledging its weaknesses, the 
Finnish boat industry can look forward 
to a bright future. Some practices cur-
rently taken for granted in the industry 
will surely have to be given up in the 
future. At the same time, individual op-
erating methods, products and services, 
suitable for the Finnish boat industry in 
particular, may be created. By taking 
this path forward, the Finnish boat in-
dustry will be even more successful in 
the future than it is today.

Contact information

University of Vaasa 
Tero Vuorinen 
tero.vuorinen@uwasa.fi

Corporate partners

Marino Oy  
Finngulf Yachts Oy 
Fiskars Oy Inha Works

Developing Environmental Performance  
in the Boat Industry

This study highlights the opportunities and challenges set by sustainable de-

velopment for the boat industry. We calculated the environmental impact of 

Finnish leisure boats over their entire life cycle with the life cycle assessment 

method. The results form the starting point for developing the environmen-

tal performance of the industry. Furthermore, we present a model for the in-

dustry for transferring environmental information between close stakehold-

er groups.

Subject matter and application

Various challenges and requirements 
that aim for the environment’s well-be-
ing relate to the manufacture and use 
of boats. Some requirements are legally 
binding and some are based on volun-
tary agreements or other recommen-
dations. Environmental performance 
is becoming an ever more important 
factor in the marketing of boats and for 
the image of boating.

This study presents the challenges 
and opportunities posed by sustain-
able development for the boat indus-
try in general. We also established the 
environmental impacts of the most 
common Finnish leisure boat types 
over their entire life cycle with the life 
cycle assessment method, and present 
a model for the industry for transferring 
environmental information. The life cy-
cle assessment was made for smallish 
motorboats (4–7 m) typical in Finland, 
and for large sailing boats (approx. 15 
m). The data used in the study comes 
from eleven Finnish boat manufactur-
ers. Large motorboats and smaller sail-
ing boats, for instance, were left outside 
the assessment and no information was 
received for them.

Main conclusions

The life cycle assessment method 
is a certified (ISO 14040:2006 and 
ISO:14044: 2006) method for assessing 
the environmental impacts of various 
activities. Life cycle thinking takes into 
account all stages of a product’s life cy-
cle, from the cradle to the grave, com-
prising the procurement and refining of 
raw materials and energy, manufactur-
ing the product, transport, use and the 
stages of decommissioning. 

The results of a life cycle assess-
ment are related to a functional unit. 
In recreational boating, these can in-
clude the time spent for boating or the 
distance travelled by boat. Because it 
was the study’s objective to produce 
environmental information, mainly for 
use by companies in the boat industry, 
we decided to relate the results to the 
boats’ weight and chose kilogrammes 
as the functional unit.

A life cycle assessment is divided 
into four sections: definition of objec-
tives and the scope of application, in-
ventory analysis, assessment of impacts, 
and interpretation of the results. An in-
ventory analysis produces, collects and 
documents the necessary data and cal-

mailto:tero.vuorinen@uwasa.fi
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culates the quantitative environmental 
balance for functional units. The ac-
quisition of information is not only the 
most arduous stage of life cycle assess-
ment, it is also the most crucial regard-
ing the quality of results and the credi-
bility of the study. Impact assessment is 
the stage of life cycle assessment that 
is the cause for most criticism, because 
it is partly based on subjective choices. 
Different methods of assessing impacts 
stress different environmental impacts. 

The carbon footprint and the Eco-
indicator 99 method for assessing 
impacts

We settled on using the Eco-indicator 
99 (EI99) method for assessing impacts 
in the project. In the EI99, each environ-
mental impact (use of natural resources, 
emission or change to habitat) is divid-
ed into three categories: human health, 
the ecosystem and natural resources. In 
the method, the result of the life cycle 
assessment can, at its simplest, be en-
capsulated in one impact point rating 
that describes the activity’s environ-
mental impacts. One thousand EI99 
impact points is equal to the average 
annual environmental burden caused 
by the average European. 

In addition, the study reports the 
product systems’ impact on climate, or 
carbon footprint. In the calculation of 
a carbon footprint, only one life cycle 
assessment category of environmental 
impact is considered: impact on climate 
change.

Model calculations

The product systems of the leisure 
boats investigated were divided into 
six life cycle stages: production of the 
raw materials, manufacture of the com-
ponents, manufacture of the boat, use 

sum

raw material production

boat production

component production

transport

use

disposal

Eco-indicator 99
[Impact points /

kg boat]

Boats equipped with outboard engine, mean value

2.0

1.5

1.0

0.5

0

-0.5

1.36

0.43

0.06

0.08

0.01

0.99

-0.21

-0.21

0.99

0.43

and decommissioning. Manufactur-
ing inventory data is directly based on 
the data collected from Finnish leisure 
boat manufacturers. The data relat-
ing to the production of the materials, 
components and energy required for 
the boat’s manufacture and to post-
decommissioning activities have been 
taken from life cycle databases (includ-
ing Ecoinvent and Idemat).

Both the Eco-indicator 99 impact 
points and the carbon footprint show 
that by far the most significant envi-
ronmental impact is created by the use 
of motorboats, i.e. fuel production and 
exhaust gas emissions. The usage stage, 
for example, is responsible for 85% of 
the total carbon footprint calculated for 
a motorboat’s entire life cycle. The next 
most significant stage is production of 

the raw materials (9%). The share of the 
boat’s manufacture, the manufacture 
of components (engines and batteries) 
and transport in the carbon footprint 
remain small; each is responsible for 
less than 5%. 

The environmental impact caused 
by the use of sailing boats is signifi-
cantly smaller. Of the environmental 
impacts of other life cycle stages, the 
share of manufacture was emphasised, 
because the data we received only con-
tained large, habitable sailing boats.

A boat’s designer and manufac-
turer can affect engine size and the 
environmental impact caused by fu-
el consumption. Hull material choice 
also has an effect, but the differences 
between the most common materials 
are not very great. Figure 2 presents the 

Figure 1. Eco-indicator 99 points [impact points] per boat weight [kg boat] as a median 
of all outboard engine motorboats (9 pcs) studied. Negative figures represent impact 
that is avoided through recycling.
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EI99 impact point ratings of outboard 
engine motorboats as a median of the 
scores of boats constructed from the 
same materials. The figure has been 
drawn up from the boat manufacturer’s 
point of view, and does not take boat 
usage stage into account.

It is assumed that an aluminium 
hull will be recycled, which compen-
sates for the large amount of energy re-
quired to produce the raw material. ABS 
plastic hulls and reinforced hulls, on the 
other hand, are assumed to end up in 
landfill. These assumptions correspond 
to the current situation in Finland.

Environmental labels and 
environmental impact statements

Information on the environmental im-
pact caused by a product or service, 
and often especially of the small size 
of the impact, is passed on to stake-

holder groups through environmental 
labels and environmental impact state-
ments. An ISO 14020 certificate series 
exists for environmental labels and 
environmental impact statements. The 
Type III environmental impact state-
ment was considered appropriate as 
the model for informing on the leisure 
boat industry’s environmental impacts. 
Information on the statement must be 
based on independently established 
life cycle assessment data, inventory 
analysis data or the information mod-
ules described in the ISO 14040 series 
of certificates. A Type III environmental 
impact statement does not necessarily 
require third-party certification, except 
for cases where the statement’s focus 
group is consumers. The results are pre-
sented in more detail in the VTT Techni-
cal Research Centre of Finland research 
report VTT-R-02928-10.

Utilising the results

For the boat industry to be able to re-
spond to the challenges and opportu-
nities posed by sustainable develop-
ment, the delivery of environmental 
information to stakeholder groups must 
be improved. The delivery of informa-
tion requires an established system for 
collecting environmental data and the 
carrying out of a life cycle assessment.

Environmental impact statements 
should include the amount environ-
mental impacts, energy use and use of 
natural resources, and emissions, calcu-
lated in a manner generally agreed on 
in the industry, as well as a description 
of the recommended method of pro-
cessing the recreational boat at the end 
of its life cycle. Establishing the method 
of environmental impact assessment of 
a boat’s life cycle will create capacity in 
the industry for both in-company trans-
fer of information, during procurement 
and product design, for example, and 
inter-company transfer of information 
on environmental impacts. At the same 
time, capacities for producing informa-
tion for boaters on the environmental 
impacts of a boat and its use in a format 
that enables boaters to utilise it in mak-
ing their own choices, will be created.

Additional information

VTT Technical Research Centre of Finland 
Hannele Tonteri  
hannele.tonteri@vtt.fi

Partner

Finnish Marine Industries Federation 
Finnboat  
Jouko Huju 
jouko@finnboat.fi
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FixBoat – Analysing and Repairing Damage to Boats’ 
Composite Structures

The joint project of the Kymenlaakso and Mikkeli Universities of Applied Sci-

ences, FixBoat, studies damage inspections, repairs and evaluation of re-

paired structures relating to the repair of composite materials. Seven boat re-

pair companies, resin suppliers and an insurance company participate in the 

project. 

Subject matter and application

The repair and docking of boats is a 
steadily growing industry, mainly for 
two reasons. First, a boat is frequently 
a large investment, which owners will 
want to look after. Second, DIY culture 
is declining and the new generation of 
boaters is more willing than previous 
generations to pay for quality services. 

Most boats are manufactured 
of reinforced plastic, typically fibre-
glass and polyester resin, or “glassfibre 
boats” in the vernacular. It is a common 
misconception that little repairs with 
“mat” and resin, carried out onshore, 

are the appropriate form of repairs 
for reinforced plastic boats. In reality, 
boats are increasing in size, and their 
structures and systems are becoming 
more and more technical. Further-
more, the increased price of fuel and a 
more ecological way of thinking make 
the development of lighter structures 
necessary for motorboats. As a result, 
these material-efficient boatbuilding 
methods and materials present a con-
siderable challenge for the repair sec-
tor. The FixBoat project studies the ef-
fect of the materials and methods used 
in repairing damage on the quality of 
the final result. 

Figure 1. A pleasure yacht that has suffered bottom contact damage.

Core research subjects

Repair techniques

Composites have many characteristics 
that differ from those of traditional ma-
terials. Large moulded workpieces are 
typical of component structures. The 
replacement of parts, familiar from cars, 
is rarely an option for boats. Reinforced 
plastic boat manufacturers seek to min-
imise the number of necessary parts 
by manufacturing the largest uniform 
structures possible. A boat’s hull, stiff-
enersand deck are -moulded as large, 
uniforms structures, which are then 
adhesively joined together. This makes 
for a durable, light and easy-to-maintain 
structure, but repairing it is not always 
simple.

Composite structures are mostly 
repaired by removing the damaged 
material and laminating a new piece to 
replace the damaged one. When man-
ufacturing a new structure, a reinforced 
plastic workpiece’s shiny surface is a re-
sult of mould, but at the repairs shop 
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the corresponding structure must be 
created by hand, without ready-to-use 
moulds. This takes time, even for an ex-
perienced repairman, and is expensive. 
The repaired structure must be able to 
endure the same use as the original 
and, in addition, the repair must not 
affect the boat’s appearance at all to 
prevent a reduction in resale value.

This project’s state of the art sec-
tion takes a look at the current repair 
methods in use in the boat and aviation 
industries. Based on the collected data, 
we conducted adhesion tests where 
approximately a dozen different resin 
choices were compared and the signif-
icance of reinforcement stacking order, 
repair angle bevels, grinding roughness 
and preliminary treatment materials on 
the strength of the repaired laminate 
were analysed. Repaired laminates were 
tested in tensile strength and bending 
tests. 

In addition to adhesion measure-
ments, we investigated Gelcoat repair 
techniques and the products available 
for them. Test laminates manufactured 
from different products and by dif-

ferent techniques were burdened by 
imitation sunlight in a testing cabinet. 
The purpose of the tests was to discov-
er the best techniques and products for 
maintaining the colour and gloss of a 
repaired surface. To date, we have also 
investigated, through individual tests, 
the vacuum cleaning of oil-impreg-
nated laminates and the effect of the 
surface energies of laminates and the 
surface tensions of resins on a wetting 
ability of a surface. We intend to create 
explicit instructions on repair tech-
niques for the different types of repairs. 

Surveying damages 

We familiarised ourselves with com-
posite repairs and surveying damages 
through literature and the Internet 
and through visits to participating 
repair shops and boatbuilding and 
composites industry exhibitions. In 
the study, we concentrated on NDT 
(Non-Destructive Testing) methods for 
surveying damages. Using this method 
of surveying damages, the need for re-
pairs and the extent of necessary repairs 
is estimated as far as possible without 

opening up the structures. A solid ex-
perience of boat structures and their 
repair enables the performance of this 
task with few tools. A visual inspection, 
knocking and humidity measurements, 
when combined with extensive experi-
ence, are usually sufficient for making 
a repair plan. However, possible new 
auxiliary devices for inspecting struc-
tures would make decision-making 
easier. Test equipment uses ultrasound, 
microwaves, X-rays and three-dimen-
sional laser or thermal imaging, among 
other things. To determine the suitabil-
ity of methods, we created our own test 
laminates to be inspected by different 
methods. We inspected the test lami-
nates in cooperation with European 
and American companies that spe-
cialise in NDT methods. The increased 
use of composite materials in industrial 
applications, wind farms and vehicles 
other than boats expedites the devel-
opment of NDT methods for composite 
applications. Many of the methods have 
been developed for the monitoring of 
the condition of the composite parts of 
airplanes and the pipes and tanks of the 

Figure 2. Laminate repairs are depicted on the left and the tensile strength testing of a test specimen on the right.
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Figure 3. Stiffener beams of a catamaran, seen through a thermographic camera.

chemical industry. In boats, the use of 
NDT methods is made difficult by lack 
of information on the original structure 
and the variable quality of laminates. 

The development of devices avail-
able for surveying damages is rapid. 
The features of devices, which have a 
wide user base, develop quickly in par-
ticular, while their price simultaneously 
decreases. The thermographic camera 
is one example. Due to its price, it was 
still confined to research institutes on-
ly a few years ago. Today, it is possible 
to add a thermographic camera to the 
boat repairman’s tool box. Even minor 
differences in the surface temperatures 

of materials can be detected through 
thermography. From the differences in 
temperature, the extent of water dam-
age or delamination in the structure, for 
example, can be estimated. 

Utilising the results

The results achieved in the study were 
shared with cooperating companies 
directly after analyses were completed, 
and with all partners of the project at 
management group meetings every six 
months. The project’s results will also be 

collated in a final report once the pro-
ject is concluded. The project’s results 
will also be communicated at the Finn-
boat boat repair seminar. The project 
began on 1 September 2010 and will 
conclude on 31 December 2012.

Contact information

Mikkeli University of Applied Sciences 
Martti Kemppinen 
martti.kemppinen@mamk.fi

Kymenlaakso University of  
Applied Sciences 
Mikko Pitkäaho 
mikko.pitkaaho@kyamk.fi

Corporate partners

Veleiro Oy 
Leevene Oy 
Airisto Marine Oy 
Suomen Soodapuhallus Oy 
Tapiola General Mutual Insurance 
Company 
Oy Kotka Yacht Store Ltd 
Jouko Lindgren Oy 
Bang & Bonsomer Oy

mailto:martti.kemppinen@mamk.fi
mailto:mikko.pitkaaho@kyamk.fi
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WAVE – Visioning Products and Services for the Boat 
Industry

Understanding the factors of social change related to boating and leisure 

time in general, and refining them into new products and services, will in-

creasingly be a prerequisite for success in the future. The Wave project iden-

tified the main trends in consumer behaviour affecting leisure boating, and 

distilled the extensive material on users, markets and trends into tools for di-

recting design.

The project ’WAVE – Visioning Products 
and Services for the Boat Industry’ of 
the Western Finland Design Centre 
Muova at the Aalto University School of 
Arts, Design and Architecture is a part 
of the ‘Better Products in Time – An Ef-
fective Product Creation Process for the 
Boat Industry’ project framework, coor-
dinated by Turku University of Applied 
Sciences. This summary presents the 
results of the Wave project.

Subject matter and application

The development and commercialisa-
tion of successful products and servic-
es requires active foresight regarding 
changes in the operating environment 
and customer needs. Companies need 
to identify possibilities for new products 
and services, and develop economically 
sustainable solutions for the identified 
needs. The international competition 
environment requires the development 
of ever more innovative products, ever 
faster. 

The most significant factors guid-
ing the development of boat industry 

what the products and services of the 
boat industry could be like, if certain 
factors for change were to become pre-
dominant. Product visioning facilitates 
market management and foresight, and 
new product and business areas can be 
discovered using the method.

Main conclusions

An operating model for developing 
new products and services was de-
veloped for applying information on 
trends and users. The stages by which 
the information on motives, needs and 
use collected from users can be tied 
to trend information are crystallised in 
the operating method. The operating 
method is depicted in Figure 1.

The trend analysis identified the 
leisure and consumer behaviour trends 
that most affect leisure boating. These 
trends stood out, because boating was 
considered to be a part of the boaters’ 
life as a whole, where it competes for 
time and financial resources with other 
ways of spending leisure time.

To understand the phenomenon 
of leisure boating, it was considered 
important to determine what kinds 
of groups could be identified among 
typical powerboat users. In the Wave 
project, current leisure boaters were 
divided into segments based on mo-
tives, attitudes and values related to 
boating. As a result, leisure boaters were 
divided into five segments, which were 
named: family boaters, relaxing fishers, 
cottage boaters and dedicated boaters. 

Design and product development

products in the future will arise from 
changes in people’s everyday lives. 
These changes have a significant im-
pact on boating habits and customer 
behaviour. The companies that are able 
to best utilise the changing needs and 
wishes of customers will prosper.

Since boating competes with 
other leisure activities for people’s time, 
it should be regarded as a part of the 
wider context of consumption and 
leisure time. Changes in other ways 
of spending free time and consuming 
will also reflect on boating, its habits 
and practices. When speaking of the 
changes in people’s everyday life, the 
term ‘sociocultural trends’ is widely 
used. Understanding these factors of 
social change relating to boating and 
leisure time in general, and refining 
them into new products and services, 
will increasingly be a prerequisite for 
success in the future.

The goal of visioning products for 
the boat industry in the Wave project 
was to produce new boat and service 
concepts for Finnish companies – con-
cepts which would concretely illustrate 
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The ‘dedicated boaters’ segment was 
further divided into two subgroups, 
which were named ‘Dedicated boat-
ers - forerunners’ and ‘Brand-conscious 
dedicated boaters’. The segments were 
illustrated as personas, encapsulating 
the core elements of each segment. 
This facilitates the use of information to 
develop products and services.

Design drivers that direct the de-
sign of future leisure boats and services 

relating to them were developed in the 
Wave project. In the design drivers, the 
extensive information on users, markets 
and trends was distilled into a form that 
directs design. The design drivers, and 
the themes behind them that influence 
boating, are presented in Figure 3.

Based on sociocultural trends and 
user information, several product and 
service visions were conceptualised. 
These embody the future product and 

service opportunities in the Finnish 
boat industry. The product and service 
visions crystallised and concretised the 
abstract information on trends and the 
extensive user information material. The 
Wave project research report, published 
by the Western Finland Design Centre 
Muova, describes the product and ser-
vice visions in detail.

Utilising the results

The objective of the Wave project was 
to renew the Finnish boat industry in 
the long term and encourage compa-
nies to extend their product develop-
ment targets further into the future. 
The operating model created in the 
Wave project especially emphasises the 
study of customer segments in a more 
analytical manner and making trend 
and user information a part of product 
development. Companies in the boat 
industry will be able to apply the tools 
developed in this project, and the seg-
ment and trend information produced 
in it, to their own, model-specific prod-

Figure 1. Operating model for developing new products and services.

User research

Trend analysis

Design drivers

Segmentation

Recreational
boating

Visioning products
and services

Figure 2. Finnish leisure boater segments (powerboaters).
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uct development. The operating model 
created in the project, aiming at utilis-
ing trend and user information, is also 
applicable to other industries. As a re-
sult of the Wave project, a section was 
produced for the product development 
manual published by Turku University 
of Applied Sciences, intended for com-
panies in the boat industry. The manual 
presents the main conclusions of the 
Better Products in Time project frame-
work in a single volume. 

Contact information

Aalto University School of Arts,  
Design and Architecture,  
Western Finland Design Centre Muova  
(www.muova.fi) 
Janne Pekkala  
janne.pekkala@aalto.fi

Sanna Peltonen  
sanna.peltonen@aalto.fi

Corporate partners

Oy Marino Ab  
Process Flow Ltd Oy 
Technology Centre Oy Merinova Ab 
Suomen Hopealinja Oy 
Uudenkaupungin Työvene Oy 
Astrum Vene Oy 
The Finnish Lifeboat Institution 
Kuopion matkailupalvelu Oy 
Kewatec Aluboat 
Plastweld 
The Boat Industry Research and 
Development Centre VTKK Oy

Figure 3. The Wave project design drivers along with the themes behind them.
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Open Wave – Open Innovation for the Future Boat Industry 

The ’Open Wave – Open Innovation for the Future’ Boat Industry project is co-

ordinated by the Western Finland Design Centre Muova of the Aalto Universi-

ty School of Arts, Design and Architecture and executed in cooperation with 

the Technical Research Centre of Finland VTT. The project will end in October 

2012. The results achieved so far and the activities still to come are present-

ed in this report.

Subject matter and application

The Open Wave project’s objective 
was to study open innovation meth-
ods for identifying future possibilities 
for products and services in the boat 
industry. The project also seeks to sup-
port user- and market-oriented activity 
in companies and the utilisation of de-
sign and technology foresight in prod-
uct development. Strengthening the 
competitiveness of Finnish companies 
in the boat industry requires methods 
of anticipatingthe directions future 
changes may take, so that companies 
can direct their operations to respond 
to the possibilities and challenges cre-
ated by these changes.

It is increasingly necessary for 
companies to have access to outside 
experts who are able to create and 
contribute to innovations. Innovations 
are created more and more often in in-
formal networks, which are made up of 
several companies, users, subcontrac-
tors, customers or experts. Open inno-
vation collects the methods, operating 
models and expertise that open up the 
interface between a company and its 
operating environment.

It has been considered necessary 
to develop an open innovation mod-
el for the boating industry. The model 
combines foresight work, user informa-
tion and methods of product conceptu-

alisation. The model describes methods 
of both collecting and utilising informa-
tion in the R&D work of new products 
and services for the boat industry.

Main conclusions

Lead users are an especially important 
group, because they have in-depth 
expertise and strong interest in the 
subject and thus presumably also the 
ability and willingness to participate in 
developing the field. Attempts were 
made to identify lead boaters amongst 
active boat club members. The project 
involves these lead users in develop-
ing the boat industry. This involvement 
was piloted in workshops, in which lead 
boaters with appropriate interests, rep-
resentatives of companies in the boat 
industry and technology experts from 
VTT, representing a wide variety of dis-
ciplines, were invited to participate. The 
workshops function as a central forum 
for actors in the boat industry, such as 
companies, experts and users, to share 
information on, apply foresight to and 
brainstorm solutions in a mutually 
interesting subject area. Three work-
shops were piloted within the frame-
work of this project: effortless boating, 
experiential boating and environmen-
tally friendly boating. These three topics 
had been identified as being interesting 
during the earlier stages of the research 

project, which studied consumer and 
market trends and technology devel-
opment relevant to boating (including 
energy, ICT, material and manufactur-
ing technologies). The workshops’ main 
objectives were to get expert feedback 
on preliminary technology roadmaps, 
brainstorm for new, innovative solu-
tions for the chosen themes and pilot 
the themed workshops serving the 
boat industry.

Non-boaters also rose to a prom-
inent position in the consideration of 
future boat industry customers. The 
project aims to determine what kind of 
needs, wishes and problems non-users 
have relating to boating and products 
and services of the boat industry. The 
purpose is to get information on im-
pediments to boating and the needs 
of future users, and to present, through 
conceptualising, how impediments to 
boating could be reduced. Information 
on non-boaters was also gathered from 
Sweden and Italy, affording an interna-
tional perspective on non-boating. 

The project additionally piloted 
an open-principle concept design 
method that had two objectives: to 
produce ideas for product and service 
possibilities and to function as a tool for 
collecting information on international 
trends. The pilot was implemented as 
a design contest, the results of which 
were published in January 2012. The 
preliminary results indicate that the 
open concept design method can pro-
duce relevant ideas for possible prod-
ucts for the boat industry. The focus of 
concept design can be sharpened by 
directing the contest’s brief. The open 
concept design method can be repeat-
ed by assignment across the entire boat 
industry, a workshop with specific topic 
or an individual company.
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Figure 1. The open-principle conceptualising method as a way of producing information on trends.

Figure 2. The preliminary technology roadmap produced in the Effortless Boating project.
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A survey targeting companies in 
the boating industry will determine 
the current state of open innovation 
in companies, and what kinds of chal-
lenges and opportunities they perceive 
in open innovation operating methods. 
The survey will additionally chart the 
companies’ interest in working together 
to develop the boat industry. The sur-
vey will be carried out in 2012. 

As a part of the project, the pos-
sibilities of social media were explored 
in a form of creating web environment 
where different actors could feed in-
formation on different topics. In this 
context, VTT’s Owela (Open Web Lab) 
was being utilized. Owela is an online 
space for open innovation where us-
ers, customers, developers and other 
relevant stake holders can sign in and 
to contribute. Consequently, it creates 
information that helps understanding 
users’ needs and experiences as well as 
designing new products and services 
together. 

The project’s main output is the 
open innovation operating model for 
identifying future product and service 
possibilities in the boat industry. The 
operating model combines perspec-
tives of design, and concept design in 
particular, marketing, and technology 
foresight.

Utilising the results

The Open Wave project’s objective was 
to strengthen the competitiveness of 
the Finnish boat industry by providing 
ways of recognising future product and 
service possibilities through open in-
novation methods. The project aims to 
achieve this objective by developing an 
open innovation operating model suit-
able for the boat industry’s needs and 

piloting methods of producing and uti-
lising user and foresight information as 
well as recognising product and service 
possibilities.

By utilising the technology over-
views and roadmaps created in the 
project, as well as descriptions of future 
boaters and product and service pos-
sibilities, companies can foresee future 
opportunities and threats.

Contact information

The Aalto University Foundation’s  
Western Finland Design Centre Muova 
Annika Hissa 
annika.hissa@aalto.fi 
www.muova.fi

Janne Pekkala  
janne.pekkala@aalto.fi

Minna Jakobsson 
minna.jakobsson@aalto.fi

VTT 
Annele Eerola 
annele.eerola@vtt.fi

Corporate partners

The Finnish Marine Industries Federation 
Finnboat 
Marino Oy 
Hydrolink Oy 
Marinetek Oy 
Vmax Oy 
Merinova Oy

TULVA – The Boat Industry of the Future

TULVA, the project of the Kymenlaakso University of Applied Science, studied 

new developments in the boat industry through new boat concepts and fore-

seeing new ways of boating. Research subjects included concrete boat con-

cepts, sandwich structures, interior design solutions, mould solutions relat-

ing to manufacturability and the utilisation of robotics. Sensory design takes 

a product’s other sensory characteristics into account in addition to visual ap-

pearance.

Subject matter and application

Boat production has undergone radical 
changes in recent years. It is becoming 
industrialised and boatyards are turning 
into assembly lines. However, the pro-
duction methods used are still largely 
handicraft-based. This project aims to 
discover new solutions for achieving 
better, more uniform quality in a more 
cost-effective manner through the de-
velopment of production methods, de-
sign and choice of materials. These new 
solutions can also markedly improve 

working conditions during the produc-
tion stage and reduce the environmen-
tal impact of finished products during 
their entire life cycle. 

Designing boats is more than 
just sketching the outlines of the hull. 
Modern boat design is a complex 
process, combining expertise from 
several fields. A boat is a technically 
and structurally challenging whole. 
New materials, production methods 
and equipment enable the realisation 
of more versatile boats with better 
performance. On the other hand, de-

mailto:annika.hissa@aalto.fi
http://www.muova.fi
mailto:janne.pekkala@aalto.fi
mailto:minna.jakobsson@aalto.fi
mailto:annele.eerola@vtt.fi
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sign has become as important as, and 
perhaps even more important than, 
technical performance as a compet-
itive factor.

Boating is changing. The things 
that are appreciated today might not 
be so in the future. Customer groups 
are changing and increasing numbers 
of boaters with no prior experience are 
taking up the hobby. It is important to 
be aware of what customers want, but 
also to boldly vision new concepts that 
they are not even aware of wanting yet. 
Other factors that might change the 
market situation are climate change, 
cultural factors or changes in consump-
tion or leisure time habits. Habitable 
boats, houseboats and floating flats are 
a fine example of a vision of the future 
that reaches a new customer group in 
addition to traditional boaters.

The product works and looks 
good, everything OK? Sensory design 
is the next step. Sensory design goes 
a step further and takes other senses 
(smell, taste, hearing, feeling and per-
ception of space) into account in addi-
tion to visual appearance. This project 
approached the concept of sensory 
design from the perspective of boat 
design. Coordinating a comprehensive 
design process involving a variety of 
experts, and ensuring that all design 
areas are equally taken into account, is 
a demanding process. 

Main conclusions

The study’s focus was on implementing 
the subprojects received from compa-
nies, creating new concepts as well as 
material and production method re-
search in composite reinforced plastic 
structures. Subjects ranged from design 
and production technique to structural 

calculations and conceptualising new 
structures. The subjects included con-
crete new boat concepts, sandwich 
structures, interior design solutions, 
mould solutions relating to processabil-
ity and the utilisation of robotics. 

The project studied new devel-
opments in the boat industry through 
new boat concepts and predicting 
new ways of boating. Conversations 
with industry actors and the future vi-
sions of other fields, without forgetting 
the trends and megatrends of today, 
formed the basis for predictions. At 
the same time, composite materials 
and their production techniques were 
studied. The basic idea was “low price 
– high tech”, i.e. affordable ways of utilis-
ing new technology in the manufacture 
of prototypes, for instance. 

Product development and con-
ceptualising was guided by the current 
trends/megatrends, whose effect on 
the boat industry was evaluated. The 
trend that will affect the boat industry 
the most in the near future will be the 
energy consumption of boats during 
use, from both economic and environ-
mental perspectives. Another signifi-
cant factor will be time as a resource, 
which will mainly decrease. It can be 
concluded from the above-mentioned 

that certain groups of boaters will not 
want to spend their time in getting 
from one place to another. Rather, they 
will want to have the feeling of reaching 
the destination on the moment they ar-
rive at their boat. “Pier boating”, a term 
we have coined, will very likely increase 
in the future. This has raised an import-
ant question during the project: will 
houseboating be a significant business 
in Finland in the future?

The concept of sensory design was 
also studied as part of the project. An 
attempt was made to create a definition 
for the term, both generally and regard-
ing products of the boat industry. We 
settled on the following definition of 
sensory design, boiled down by Johan-
na Kauppinen:

”Sensory design means informa-
tion on and interaction with our 
environment, filtered through our 
senses. By studying and interpret-
ing this information and interac-
tion, we can minimise and control 
detrimental stress factors, improve 
safety and comfort and, at its best, 
promote well-being.” 

Houseboating/pier boating are new 
concepts as themes used in design and 

Figure 1. Model of the habitable Evoya 80 concept boat’s salon.
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brainstorming. The definition of sensory 
design was also utilised in creating boat 
concepts. We created three different 
concepts, where various concepts were 
developed for new, potential groups of 
boaters. 

The first concept, the Vikunja 40, 
is based on recreation in the form of 
daytrips by the water. The concept’s 
starting points were accessibility and 
an abundance of space, combined with 
getting from one place to another eco-
nomically. Solar energy is utilised in the 
concept to produce part of the electric-
ity required by the boat. We decided on 
a catamaran-type vessel, constructed to 
resemble a raft, for the hull design. The 
deck can thus be modified with a cab-
in structure appropriate for the boat’s 
purpose. The vessel is also suitable for 
charter use. 

The second concept, the Skovel 27, 
was also designed for having fun by the 
water. This type of vessel was partly de-
signed as a mother ship-type solution, 
catering for things like watercraft, wa-
ter-skiing equipment and sunbathing 
gear. The boat’s interior is designed to 
accommodate temporary pastimes like 
watching a movie in the event of rain, 
and for occasional sleeping. 

The point of departure of the Evoya 
80, our third concept, was technical. We 
charted the possibilities for building a 
boat that can operate entirely on solar 
energy at certain speeds. The second 
premise was for the boat to be ecologi-
cal in all other areas as well, like the pro-
cessing of waste water, waste manage-
ment and composting. We even placed 
a greenhouse on the boat for growing 
its own fruit and vegetables.

In addition to working on our own 
concepts, we cooperated with com-
panies that participated in the project. 
We brainstormed new boat concepts, 
interior design solutions and did ma-
terial and production research for our 
partners. A thesis or other advanced 
assignment from students of the boat 
industry or design was always involved 
in these corporate projects.

You can read more about the 
project’s results from Ari Haapanen’s 
Master’s Thesis at https://publications.
theseus.fi/handle/10024/33449

Utilising the results

The project’s results are directly utilised 
in the operations of the participating 
companies, in tuition at Kymenlaakso 

University of Applied Sciences and in 
stimulating discussion on the future 
prospects of the boat industry. The re-
sults will be utilised in future projects 
relating to the subject’s study.

The project’s results help develop-
ers in the boat industry to take a wider 
view of their products and ideas and 
to take the industry’s future challenges 
and opportunities on board. Examples 
include taking environmental points of 
view, energy economy during use, de-
sign and comfort into account.

Additional information

The Kymenlaakso University of  
Applied Sciences 
Ari Haapanen 
ari.haapanen@kyamk.fi

Corporate partners

Bella-Veneet Oy 
BHB marine Oy 
Finngulf Yachts Oy 
KajakSport Oy 
Lummelautta Oy 
Kevra Oy 
Khimaira Oy 
Red Sky Oy

The Evoya 80 concept 
Pasi Korhonen 
Ari Haapanen

The Vikunja 40 concept 
Hans-Tobias Shicktanz 
Tom Mudra

The Skovel 27 concept 
Pasi Korhonen 
Ari Haapanen

Figure 2. Concepts developed for new, potential groups of boaters.

https://publications
mailto:ari.haapanen@kyamk.fi
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Better Products In Time – An Effective Product 
Development Process for the Boat Industry

Correctly defined products are a prerequisite for a company’s success. The cor-

rect definition of products stems from an understanding of the customer’s 

needs and a systematic, strategy-oriented and documented R&D process. A 

company that doesn’t make use of process descriptions takes significant risks 

and is forced into fire fighting and emotional decision-making on an ad hoc ba-

sis, instead of operating in a systematic and strategy-oriented manner. The BPIT 

project describes the boat industry R&D process in a manner appropriate for 

companies. The result is a manual-like and easy-to-use model of proceeding in 

boat industry product development, which is directly applicable in companies. 

Subject matter and application

The R&D process model described in 
the project is based on business and 
R&D models that are widely known. The 
Cooper’s stage-gate model and concur-
rent engineering (parallel design) form 
the basis for the process description. In 
the stage-gate model, a process pro-
gresses from one stage to the next only 
when the work is sufficiently complete 
that there will be no need to go back. 
In concurred engineering, all the nec-
essary company functions (marketing, 
design, production, procurement, etc.) 
are included in product development 
to ensure the product’s suitability from 
all perspectives. The stage-gate model 
and simultaneous design streamline 
the R&D process, ensure timetables are 
kept to and optimise the whole instead 
of the various parts. The process de-
scription functions as a visualisation of 
the operating method, ensuring a uni-
form and efficient operating method 
on all levels, in all R&D projects. 

The manual-like publication cre-
ated as a result of the process is not 
intended to function as an all-inclusive 
model for the process, equally applica-

can be considered the dominant one 
out of the three functional strategies 
mentioned. However, a marketing strat-
egy must be derived from a company’s 
competition strategy, and it needs to 
be precisely defined. The order quali-
fier and order winner analyses can be 
utilised in defining the strategy. In such 
a case, the company will determine the 
customer needs in the desired markets, 
analyse the customers’ values and de-
termine which products and factors will 
enable the company to win markets. 

The user information process sec-
tion familiarises the reader with cus-
tomer segmentation, trend analysis and 
collection and utilisation of customer 
information. As an example, this sec-
tion presents the study undertaken in 
the project on leisure boating, its trends 
and boater segments. The conceptual-
ising process section walks the reader 
through the stages of conceptualising: 
brainstorming, development, evalua-
tion and testing. The section provides 
examples and presents tools for brain-
storming and evaluation, among other 
things. The design process section con-
siders defining boat design, the actual 
design and putting the product into 
production. This section provides ex-
amples and showcases tools for these 
activities. The process model provides a 
picture of the entire R&D process from 
understanding the customer need and 
choosing the market all the way to put-
ting the product into production and 
testing it. In addition, the publication 
also covers production arrangements 
and certain production techniques, 
such as rotational moulding and alu-
minium welding, through examples. 

The entire process is introduced 
step by step at the beginning of the 
publication. Each step is presented as 

ble to every company, but to provide 
a framework and some examples for 
companies’ own process models. The 
publication’s material is based on the 
utilisation of generally accepted, prov-
en theories and models in the boat 
industry. The purpose is to widen the 
R&D perspective of Finnish boat in-
dustry companies and present matters 
that are often considered difficult and 
abstract in a clear and concise manner, 
in a context that is familiar to the reader. 

Main conclusions

The process model’s main levels are pre-
sented in Figure 1. The model progress-
es from the user information process to 
the conceptualising and design process 
so that it is not necessary to go back to 
the previous process. The main process-
es themselves can be iterative, like the 
conceptualising process, or they can 
function according to the stage-gate 
model, like the design process. The R&D 
process is directed by the company’s 
various strategies. Companies’ success 
is crucially dependent on how popular 
their products are among customers. 
For this reason, the marketing strategy 
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a task. This section of the publication 
also functions as a navigation chart and 
readers can quickly peruse issues that 
interest them. Each step also contains 
references to the corresponding sec-
tion in the publication, where exam-
ples and background information can 
be found. The purpose is to enable the 
fast and easy utilisation of the project’s 
results, but also to provide an opportu-
nity to gain a deeper understanding of 
the studies’ conclusions. This structure 
improves the publication’s usability 
with regard to the needs of company 
representatives. 

Utilising the results

Companies and research institutes will 
strive in vain if their operations do not 
have clear guidelines and lack a sys-
tematic approach. No fancy studies 

and R&D projects, executed with great 
competence, will provide a competitive 
advantage to a company, if the meas-
ures do not respond to a perceptible 
or latent customer need. R&D activities 
are a waste of company resources if 
the wrong measures are taken, or the 
measures are inefficient. All companies 
in the boat industry, educational estab-
lishments or other actors that want to 
develop their R&D process or gain new 
perspectives on product development 
can utilise this project’s results. In ad-
dition, the results can for example be 
used for segmenting boaters to serve 
the needs of boat retailers.

Additional information

Turku University of Applied Sciences 
Jussi Riihiranta 
jussi.riihiranta@turkuamk.fi

Western Finland Design Centre MUOVA 
Annika Hissa 
Annika.hissa@aalto.fi

University of Vaasa 
Petri Helo 
petri.helo@uwasa.fi

Corporate partners

Oy Marino Ab  
Process Flow Ltd Oy 
Technology Centre Oy Merinova Ab 
Suomen Hopealinja Oy 
Uudenkaupungin Työvene Oy 
Astrum Vene Oy 
The Finnish Lifeboat Institution 
Kuopion matkailupalvelu Oy 
Kewatec Aluboat 
Plastweld 
The Boat Industry Research and 
Development Centre VTKK Oy

Design
process

Marketing strategy

Product strategy

Technology strategy

Result: Profitable product,
which fulfil the business
idea of the company

Development

Assessment
and

testingCreation

Conceptualising
process

Questionnaire
surveys

User information process
– User information analysis
– Trend analysis
– Segmentation
– Opportunities and threats

Design

Specification
Bringing to
production

Boating forums

Customer
feedback

Figure 1. Main levels of the process model.
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Silent Boats – Managing Powerboat Cabin Noise

Cabin silence has become an ever more important competitive factor for 

powerboats. This research project by VTT and the University of Kuopio inves-

tigated the origin and transmission path mechanisms of cabin noise in 6–14m 

boats equipped with stern drive engines. In addition to noise level, the qual-

ity of cabin noise and the factors influencing it were studied. The work par-

ticularly considered what kinds of results in reducing the level and distract-

ing characteristics of cabin noise could be achieved through fast and easily 

implemented measures.

Subject matter and application

The overall objective of the Silent Boats 
(HILVE) research project was to develop 
the cabin acoustics of boats manufac-
tured in Finland by reducing the noise 
level in the boat cabins and by improv-
ing the sound quality of the cabin tak-
ing into consideration the quality fac-

tors of the sound environment in cabin 
design. The target group was 6–14 
metre planing boats, equipped with 
closable cabins and stern drive inboard 
engines.

The noise levels in cabin and pas-
senger spaces, noise quality and intel-
ligibility of speech in the reference 
boats, which were chosen by the boat-

Figure 1. An example of measurement results – the effect of waves on noise: A-weighted, narrowband  
spectrum in a boat’s cabin.

yards participating in the project, was 
analysed at different speeds and wave 
heights. We conducted a detailed anal-
ysis of the sources (engine, sterndrive 
gears and propellers) that create cabin 
noise. In addition, we compared them 
with each other and with other sources, 
mainly wave impacts, in the most com-
mon driving situations. We created an 
acoustic model of one boat’s passen-
ger space, with which we calculated 
the cabin’s eigen frequencies, and the 
effect of noise damping materials and 
the vibration of surfaces on cabin noise 
at low frequencies.

Main conclusions

There was quite a lot of variation in the 
noise levels of the reference boats stud-
ied. In the noisiest boats, A-weighted 
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cabin noise was in the region of 85 dB, 
while in the quietest boats it was more 
than 10 dB lower. The distracting qual-
ity of cabin noise also varied greatly. The 
distraction index of the quietest boats 
was half of that of the noisiest boats. 
The same applied to the intelligibility 
of a conversation. In the noisiest boat, 
conversation held in a normal voice 
was practically impossible; in the quiet-
est boat, the intelligibility of speech was 
already satisfactory in the beginning of 
the project. 

Rapidly executable noise control 
measures were performed on two dif-
ferent boat types, although one of 
them had a smaller engine than the 
reference boat. The boat’s noise level 
was reduced by as much as 5 dB by en-
capsulating the engine in an acoustic 
enclosure. We were also able to reduce 
the noise annoyance index of an indi-
vidual boat type by as much as one-
third, and improve the intelligibility of 
speech from rather poor to tolerable.

In addition, VTT conducted a series 
of tests on the vibration dampening 
and sound insulation qualities of rein-
forced plastic sandwich panels used in 
boats. The tests were used to evaluate 

the usability and efficiency of panels, 
which were supplied by Bella-Veneet 
Oy and noise suppression materials of 
material suppliers from outside the pro-
ject (Meluton Oy and Noisetek Ab).

Utilising the results

The report published on the research 
project (Nykänen, H., Lankila, A., 
Keinänen, J., Simonaho, S-P: Silent Boats 
– Summary and Conclusions. Espoo 
2009. VTT Tiedotteita – Research Notes 
2516. 69 p. + app. 8 p.) presents a sum-
mary of suggested measures for noise 
suppression in boats, both for airborne 
noise and hull noise. The results can be 
utilised by all manufacturers of planing 
powerboats equipped with cabins.

In addition, the companies that 
participated in the research project 
got detailed information on their refer-
ence boat models’ noise and vibration 
sources and transmission paths, as well 
as their significance as a source of cabin 
noise. The companies also received in-
formation on the reference boats’ cabin 
noise levels and the distracting char-
acteristics of the noise. Furthermore, 
they have gained an understanding of 

Figure 2. Concentrating through-fittings makes caulking easier.

the functionality of the noise control 
methods used in the reference boats. 
The companies were also provided 
with some immediately implementa-
ble measures for lowering cabin noise 
levels and removing distracting charac-
teristics from the noise. Companies can 
utilise the project’s longer-term plans 
for reducing the level of cabin noise 
in boats and improving the qualitative 
characteristics of cabin noise. 

Additional information

VTT Technical Research Centre of Finland 
Hannu Nykänen 
hannu.nykanen@vtt.fi

The University of Kuopio 
Simo-Pekka Simonaho 
simo-pekka.simonaho@uku.fi

Corporate partners

Bella-Veneet Oy 
Oy Botnia Marin Ab 
Tristan Boats Oy 
Volvo Penta Finland Ab

mailto:hannu.nykanen@vtt.fi
mailto:simo-pekka.simonaho@uku.fi
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Loads Directed at a Boat’s Transom

Most powerboats manufactured in Finland are equipped with an outboard en-

gine. The entire propulsion force and inertial forces of the engine are directed 

at the boat’s transom. As engine sizes keep growing, the old information, based 

on experience, on sufficiently durable construction is no longer sufficient. The 

Transom project measured the maximum loads directed at a boat’s transom us-

ing full-scale tests and created a method for predicting the loads.

Subject matter and application

The transom of an outboard engine 
boat is a strength-critical part that sus-
tains considerable stresses, especially 
when being used in heavy seas. Newer 
and larger outboard engines are con-
stantly appearing on the market. They 
are replacing inboard engines and 
sterndrives on quite large boats. The 
single most powerful outboard engine 
is currently 350 hp (257 kW). However, 
knowledge of the loads directed at tran-
soms is still poor. The old experience-
based information on durable way of 
construction is no longer sufficient. 
Current methods of dimensioning, like 
the formulas in standard ISO 12215-6, 
are too crude, and their scope of appli-
cation does not cover modern engine 

power levels. This makes designing 
boats that are optimal in weight, dura-
bility and production difficult and often 
causes problems in new boat types.

The VTT research project devel-
oped a measurement system, by which 
the load caused by an outboard engine 
can be measured. After this, an ex-
perimental study was conducted with 
full-scale tests on the effects of various 
parameters on the maximum loads di-
rected at the transom.

The results are applicable as the in-
itial data for designing the structures of 
typical single-hulled, planing outboard 
engine boats, when the outboard en-
gine to be installed falls within the 
50–260 kW (70–350 hp) power range. 
The work did not analyse structural 
stresses, nor did it consider the transom 

or stiffener structures and materials of 
different boats. Rather, the study con-
centrated on determining the loads.

The maximum load directed at a 
transom was first estimated by pure 
calculation. The transom force was as-
sumed to be made up of the combined 
effect of propulsion force and the inertia 
forces created by the outboard engine’s 
accelerations. The following sequence 
of events was assumed: a boat travels at 
high speed in rough seas, jumping from 
the crest of one wave to another, get-
ting the propeller ventilated during the 
jump, which makes the number of rev-
olutions to increase and hit the limiter. 
When coming down from the jump, the 
propeller regains grip with water at its 
maximum number of revolutions and at 
its derived maximum thrust. The verti-
cal acceleration caused by the waves is 
simultaneously directed at the boat and 
the outboard engine. The outboard en-
gine’s flexible attachment to its clamps 
partially absorbs the highest accelera-
tion values. The maximum propulsion 
force was predicted with cavitating pro-
peller formulas, and the maximum ver-
tical acceleration was predicted based 
on standard ISO 12215-5.

Figure 1. The multi-component scale between the outboard engine 
and transom.

Figure 2. Maximum loads were determined when the boat 
jumped in rough seas.
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In the full-scale tests, boats sup-
plied by the companies participating 
in the project were used. Force washer 
tranducers installed in the outboard en-
gine’s attachment bolts were first used 
to measure the forces. A multi-com-
ponent scale was later developed and 
installed on the transom of the boat to 
be measured. This allowed the meas-
urement of all forces and moments di-
rected at the transom by the outboard 
engine. The measurements were made 
at rough seas, where the boat jumped 
and the propeller came out of the wa-
ter. Accelerations in the boat’s centre 
of gravity, transom and engine were 
simultaneously measured, as was the 
engine’s number of revolutions. 

Main conclusions

The force washers tested on the out-
board engines’ attachment bolts in the 
first measurements proved to be too 
inaccurate. The multi-component scale, 
on the other hand, functioned flaw-
lessly. However, the forces measured 
turned out to be larger than expected, 
so a second, more durable and rigid ver-
sion of the scale had to be constructed 

for the larger (>150 hp) and heavier out-
board engines.

The measurements showed that 
there was a good deal of dispersion 
between jumps. We concluded that 
this was due to the fact that the inertia 
force created by the vertical accelera-
tion is more significant than expected 
in the loads directed at the transom by 
the outboard engine. Since the vari-
ance in accelerations in different jumps 
is large, this is also reflected in the forces 
and moments. 

The largest loads measured for 

The largest calculated moment  
and force

Boat Moment 
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Propulsion 
(X force)
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Boomeranger  
[per 350 hp 
engine]

 8.9 8.6

Buster + 70 hp  3.2 2.8

Silver + 90 hp  3.8 3.5

Yamarin + 350 hp 12.5 8.0
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My vs XMAX MAX

Air

Water

Buster 
light

Buster
heavy

Silver
light

Silver
heavy

Yamarin

Measured Xmax (kN) 4.45 4.01  8.24  8.77 15.00

Measured Mymax (kNm) 4.22 4.30 12.07 10.26 19.45

Measured significant Xmax (kN) 3.41 3.54  5.41  6.95 11.59

Measured significant Mymax (kNm) 3.53 3.57  5.92  7.37 13.12

Buster, Silver and Yamarin boats are 
presented in Figure 2. In addition to the 
maximum forces, the significant values 
(median of the highest third) measured 
during different jumps are presented. 
The significant maximum forces and 
moments were approximately 50–100% 
greater than the calculated ones, and 
individual maximums were even larger.

We concluded that predicting 
transom loads was more complicated 
than initially estimated, because verti-
cal acceleration has a surprisingly large 
effect on the loads. Thus, formulas con-

Figure 3. The normal force Xmax and the bending moment Mymax affecting on the 
transom of a measured boat during different jumps of a single drive.

Table 1. The largest purely calculated 
forces for the boats participating in the 
measurements.

Table 2. The largest forces and moments measured for the boats participating in the 
measurements.
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taining an estimate of the maximum 
vertical acceleration need to be used in 
the prediction method.

Utilising the results

All manufacturers and designers of 
outboard engine boats can utilise the 
study’s results. Better knowledge of 
loads enables considerably more accu-
rate design of boats’ stern structures than 
at present. Once this data has been de-
termined, it is also possible to carry out 
more realistic testing arrangements (e.g. 
fatigue tests) than before to ensure that 
a boat’s transom is correctly designed.

The results can also be utilised by 
issuing driving instructions, if the larg-
est loads and accelerations should be 
avoided.

As a result of the work, new, solid 
expertise was created at VTT in analys-
ing the fastenings of outboard engines, 
particularly medium-sized and large 
ones, transom strength and the entire 
stern section of boats. This expertise 
is available for companiesas a pur-
chased service. The project’s results are 
presented more extensively in report 
VTT-S-07579-11.

Additional information

VTT Technical Research Centre of Finland 
Jukka Vuorio 
jukka.vuorio@vtt.fi

VTT Expert Services Oy  
Max Johansson  
max.johansson@vtt.fi

Corporate partners

Boomeranger Boats Oy 
Fiskars Oy Inhan tehtaat 
Konekesko Oy Marine 
Terhitec Oy Silver boats 
Headquarters of the Finnish Border Guard 

Proboat – Future Concepts and Materials in Boatbuilding 
Processes

Intensifying global competition and the demands of sustainable develop-

ment challenge the boat industry. Success requires constant development of 

operating methods and technologies and the use of renewable materials. The 

Proboat project studied and developed new, alternative product concepts 

and possibilities for applying environmentally friendly materials and manu-

facturing processes to the boat industry. The project concentrated on devel-

oping the furnishings and subcomponents of Finnish boats. 

  The project was implemented in cooperation with the CENTRIA Research 

and Development unit of Keski-Pohjanmaa University of Applied Sciences, 

and the Institute of Design at Lahti University of Applied Sciences in 2008–

2010. The lead subcontractors and contract manufacturers manufacturing 

wood-, metal-, plastic- and textile-based sub-products for the boat industry 

and one manufacturer of motorboats participated in the project. 

Subject matter and application

Increased competition has set new de-
mands on design, ergonomics and ma-
terials. Products’ environmental friendli-
ness and ethically sustainable produc-
tion are strongly growing trends in the 
demands of customers. Constantly ris-
ing labour costs are forcing companies 
to make production methods more ef-
ficient and to develop products that are 
more production-friendly. The products 
and services of component and part 
manufacturers have a crucial effect on 
the level of quality and competitiveness 
of boat builders’ end products. 

One of the project’s goals was to 
create new products and service con-
cepts, and renew existing ones, for the 
lead subcontractors and contract man-
ufacturers in the Finnish boat industry, 
and thereby increase the quality and 
competitiveness of the end products.

From the companies’ perspective, 
the most important thing was to gain 
information on the productisation pos-

sibilities of product concepts, materials 
and production methods related to 
their own product segment, and the 
added value these would create for 
the companies’ business. The research 
organisations that participated in the 
project gained new knowhow in the 
requirements, design, new materials 
and production processes relating to 
products of the boat industry. 

Main conclusions

The project concentrated on develop-
ing the furnishings and subcompo-
nents of boats. During the project, we 
focused on design concepts and new, 
alternative textile product concepts. We 
also discovered new, environmentally 
friendly materials and application op-
tions by charting, testing and studying 
materials.

Applied research tested things 
like the effect of changing weather 
conditions on textiles and the co-
lours’ resistance to sunlight . Physical 

mailto:jukka.vuorio@vtt.fi
mailto:max.johansson@vtt.fi
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studies appropriate to their intended 
purpose were also performed on the 
materials. Temperature-humidity tests 
were conducted on the materials in 
environmental condition testing, and 
they were subjected to artificial light 
in a xenon light test, and to sunlight in 
their environment of use. Physical tests 
were conducted on textile materials in 
accordance with standards, including 
the determination of fabrics’ suscepti-
bility to pilling and becoming linty, the 
evaluation of colour changes with a 
colorimeter to determine the grade on 
the grey scale, and the determination 
of the durability of fabrics by determin-
ing their maximum breaking strain and 
ultimate tensile strain using the strip 
test method. We also performed com-
parative physical tests on various textile 

Figure 4. Interior design concepts created by designer Veera Nisula for use by the boat 
industry.

Figures 1 and 2. New materials and possibilities for application suitable for use in boats were discovered 
through charting, testing and studying materials.

Figure 3. The component library contains 
DWG images with measurement data 
and pictures of the components.

materials and tested the materials and 
finished products of participating com-
panies.

A library of materials was com-
piled in the BodyTex laboratory during 
the project. The library’s purpose is to 
increase material knowhow in com-
panies and to serve the boat industry 
in the future. We charted textile ma-
terials suitable for the boat industry 
and looked for them at international 
interior design exhibitions, technical 
textiles exhibitions and boat industry 
equipment exhibitions. A network of 
material suppliers, new ideas and co-
operation patterns that will be contin-
ued and maintained was also created 
around the project. 

CENTRIA piloted a component 
library for a participating company. 
Companies considered it important to 
make the standard components on of-
fer available for the customers as early 
as during the product’s design process. 
The information in the component 
library, consisting of standard compo-
nents, is accessible to customers on the 
Internet. The library contains images 
of the components, DWG images with 
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measurement data and various 3D for-
mats to be added to the designer’s 3D 
assembly. Image and measurement in-
formation is also available in PDF format 
in the library. The format can be utilised 
in creating various component libraries.

Based on the studies and charting 
of materials, we designed and imple-
mented six different colour scheme 
concepts as interior design templates 
for boats. The concepts were given to 
the companies for use, and they have 
been utilised in new furnishing material 
designs for boats. The concepts are also 
presented in a separate project report, 
on the project’s website and on posters 
at various events. 

Nine conceptualising periods and 
one thesis were realised at the Institute 
of Design (HPB X800, Vesa Korjus, 2009). 

15-8). The report is intended for use by 
the entire boat industry. 

Additional information

Centria 
Asta Aikkila-Vatanen 
asta.aikkila-vatanen@cou.fi

Lahti University of Applied Sciences 
Juha Lätti 
juha.latti@lamk.fi

Corporate partners

Oy Finn-Marin Ltd 
Ab Ess-Ma Oy 
Joros Oy 
RMJ Saksman Oy  
VA-Varuste Oy 
Muoviura Oy

Figure 5. HPB X800, the thesis of Vesa Korjus, 2009.

The material that was produced was 
shared with the participating compa-
nies at the end of each period. 

One thesis, which was conceived 
through cooperation with companies 
during the project, was finished after 
the project (eCat Hybrid, Juri Karinen, 
2011). The work is presented on the au-
thor’s own website: http://jurikarinen.
com/#903437/eCat-hybrid.

Utilising the results

The conclusions of the study and the 
concepts are presented on the pro-
ject’s website, www.proboat.org, and 
in a separate, printed project report (in 
Finnish) titled PROBOAT Tulevaisuuden 
konseptit ja materiaalit veneiden valm-
istusprosesseissa (ISBN 978-952-6602-

mailto:asta.aikkila-vatanen@cou.fi
mailto:juha.latti@lamk.fi
http://jurikarinen
http://www.proboat.org
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ALVENE – Automation of Aluminium Boat Welding

The study charted the manufacturing technologies’ welding procedures cur-

rently used in the boat industry. We evaluated the suitability of current con-

structions for robotic welding in particular. Practical robotic welding tests 

were carried out to test typical joints and hull constructions used in alumini-

um boats. The benefits gained from robotic welding were evaluated and the 

possibilities and limitations of modern sensor technology in welding boats 

were tested. In the field of welding aluminium structures, we conducted sup-

plementary studies to determine the factors affecting the tendency for hot 

cracking in extruded aluminium profiles.

Subject matter and application

An aluminium boat is a typical product, 
in which the benefits afforded by using 
aluminium as a material are significant. 
Lightness and resistance to corrosion, 
combined with small environmental 
impact during its entire life cycle, are 
factors that tip the scales in favour of 
aluminium. In Finland, aluminium boats 
are currently manufactured entirely by 
manual welding. The transfer of exper-
tise in welding steel to the welding of 
aluminium has not succeeded. Howev-
er, manual welding is not competitive 
in the long run.

An aluminium boat is a challeng-
ing subject for automated welding. Im-
perfect dimensional accuracy of parts, 
cramped structures and partly uncon-
trollable transformations, resulting from 
the welding sequence for example, 
force aluminium boats to be welded 
manually at present. 

The research project charted the 
typical materials and types of joint used 
in aluminium boats. Robotic welding ex-
periments conducted on corresponding 
joints in smaller specimens determined 
the possibilities and limitations of ro-
botic welding. Tolerance faults created 
in the specimens simulated the flaws 
caused in real structures by transforma-
tions during welding and inaccuracies in 
manufacture. The project work sketched 
the outlines of the make-up and equip-
ment of a robotic welding station.

It has been noted in practice that 
aluminium extruded profiles (6000 se-
ries) susceptible to hot cracking during 
welding. These melting cracks occur 
in the partially melted zone of welded 
joints, when compounds that solidify 
at low temperatures melt on the grain 
boundaries, causing cracks to appear 
as a result of stress. The project investi-
gated which factors affect the creation 
of melting cracks, and how they can be 
prevented.

Manufacturing and materials

Main conclusions

The suitability of aluminium boats 
for robotic welding

The welding suitability inspection 
charted the joint types used in boats. 
By far the most common type of joint is 
the T-joint, which is an excellent starting 
point for robotic welding. The T-joint is, 
after all, the most suitable type of joint 
for welding robots. T-joints are especial-
ly used in support structures and longi-
tudinal stiffeners. The overlapping joint 
is the next most common type. The 
exterior longitudinal welds on a boat’s 
bottom are typically welded with over-
lapping joints, which are nearly as well 
suited to robotic welding as T-joints are. 
There are also some corner joints and 
butt joints in the structures.

We concluded in the weld analysis 
that approximately 70% of a boat hull’s 
welds could be robotically welded in 
current constructions. These include 
the exterior longitudinal welds, the in-
termittent welds in spray rails and the 
prepared subassemblies in the struc-
tures inside the hull. Tack welds and the 
remaining fastening and fitting welds 
must be welded manually. The total 
weld length of a typical leisure boat is 
approximately 90 metres. When around 
70% of welds can be welded robotical-
ly and the remaining 30% are welded 
manually, robotising the welding makes 
it roughly 2.5 times more efficient than 
manual welding.
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We determined the optimal weld-
ing parameters for robotised MIG 
welding for the weld type survey. The 
parameters were used in the robotic 
welding station’s cycle evaluation. 
When welding with typical parameters, 
a welding speed of 0.9–1.3 m/min was 
used; in a weldability evaluation, it is vi-
tally important to determine the limits 
of allowable fit up errors in the pieces 
to be joined so that a weld of sufficient 
quality can be achieved. Based on the 
air gap tests, the largest permissible tol-
erance fault on a 3 mm AW 5754 sheet 
is in the region of 1 mm. 

$Optical seam finding and tracking
A welding robot is programmed either 
by teaching it at the robotic welding 
station, or by off line programming it 
using a computer simulation model. In 
traditional, teaching-based program-
ming, the points of the robot’s path are 
determined according to the actual po-
sition of seams at the robotic welding 
station. In remote programming, the 
simulation software uses a 3D model of 
the boat to be welded. The points of the 

robot’s path are determined according 
to the surface forms of the model.

Form errors and dimensional errors 
always occur in welded structures. That 
is why the path that is created for the 
robot will not precisely match the seam 
to be welded. The most common solu-
tion to this problem is to provide the 
welding robot with sensors for seam 
finding and seam tracking functions. A 
method based on the electrical contact 
of the welding torch is the most com-
mon form of seam finding. The tradi-
tional method of seam tracking is based 
on arc sensing. However, the electrical 
properties of the arc are so unstable in 
the MIG welding of aluminium that arc 
sensing will not work. Therefore, optical 
seam tracking methods or similar must 
be used for seam tracking.

The functionality of optical sensing 
was tested by welding a subassembly 
that simulates the structures of a real 
boat.. At the same time, we were able to 
estimate the accessibility of the welds 
in welding the stiffener structure inside 
a boat hull.

Optical sensing was extremely 
successful in welding the hull’s exterior 
welds. However, we did have to adjust 
the sensor’s laser power almost to the 
maximum due to the strong reflective 
characteristics of the aluminium sheet. 
Welding the inside stiffeners structure is 
a problem, because there is not enough 
space. The structure is so cramped that 
a welding gun equipped with a large 
sensor cannot fit into the corners be-
tween the workpieces.

In practice, optical sensing in weld-
ing of boat hulls must be implemented 
with the help of seam finding. There are 
sensor models on the market that can 
be attached to the robot’s wrist. These 
sensors are capable of determining the 
location of the seam extremely quickly 
and with sufficient accuracy. The draw-
back of using seam finding is naturally 
that it cannot react to deformations 
that occur during welding.

Hot cracking of extruded profiles

An extensive welding test programme 
was created in the research project to 

Figure 1. a) Robotically welded T-joint and b) overlapping joint. Sheet thickness 3 mm (AW 5754).
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determine the factors affecting the oc-
currence of hot cracks in extruded pro-
files. The variable factors were: welding 
process (MIG or TIG) and the use of pre-
heating (preheating/no preheating).

Conclusions on the comparisons 
between processes and parameters:
 • The heat supply used in welding 

must be as low as possible (MIG 
rather than TIG welding);

 • Preheating has a favourable effect, 
especially in TIG welding;

 • Out of the parent metals, alloy 
AW6082, is less prone to cracking 
than AW6005; and

 • Post-welding anodisation signif-
icantly increases cracking on the 
workpiece’s surface. 

Utilising the results

While charting the impediments to 
automating the welding of aluminium 
boats, we discovered that a lack of tech-

nology is certainly not the greatest re-
straint. Modern robots, equipped with 
the correct accessories, are capable of 
performing most of the welding on a 
typical boat. The research project proved 
that both electromechanical and opti-
cal methods can successfully be used 
in sensor technology. Both have their 
limitations, which should be taken into 
account when planning robotic welding. 

The duration of a welding cycle 
can be cut in half by shifting from man-
ual welding to robotic welding. The 
robotic welding tests and cycle calcula-
tions performed in the research project 
show which joints in a boat’s hull can 
be welded robotically, and which joints 
must still be welded manually. 

With the help of the results gained 
from the welding study of aluminium 
extruded profiles, the probability of 
hot cracking can be predicted and, by 
following the recommendations given, 
avoided entirely in some cases.

Additional information

Lappeenranta University of Technology 
Esa Hiltunen 
esa.hiltunen@lut.fi

Jukka Martikainen 
jukka.martikainen@lut.fi

Corporate partners

HT Engineering Oy Ltd 
SITE Oy 
KMT Group 
Terhitec Oy/Silver Boats 
Merinova Oy

Figure 2. Subassemblies that simulated the structures of a real boat were used in welding tests.

mailto:esa.hiltunen@lut.fi
mailto:jukka.martikainen@lut.fi
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Moduva – Efficiency in the Production of Aluminium Boat 
Hulls through Modularity

The level of automatisation in welding aluminium boats has remained low. 

The greatest impediments to the utilisation of automatisation and robotisa-

tion lie in the method of boat construction. Boat constructions were devel-

oped into a more production-friendly direction (Design For Manufacturing, 

DFM) in the project by creating modular subassemblies for welding, develop-

ing modular and flexible fixturing technology and charting the factors affect-

ing the occurrence of welding transformations.

Subject matter and application

Aluminium or aluminium-hulled boats 
are welded manually almost without 
exception; welding automation is not 
utilised. A boat’s hull is assembled in 
several stages and in a manner that 
makes very little use of separately 
manufactured subassemblies. Finnish 
producers manufacture an extensive 
selection of boat models and a large 
number of hulls of different models. 
The previous ALVENE project found that 
automation of welding could achieve 
considerable savings in costs, but the 
construction method of boats makes it 
difficult to use a robot. 

In this research project, we created 
a concept for a stiffener module that is 

assembled and welded separately. The 
new, more open structure enables 
good accessibility for welding robots. A 
flexible, modular robotic welding fixture 
was conceived for the reinforcing mod-
ule. With minor changes in settings, this 
module is suitable for welding several 
boat models. 

Main conclusions

stages of production. The welding of 
such a stiffener structure, and especially 
automating it, is very challenging due 
to a lack of space, among other things 
(Figure 1a).

In this research project, we created 
a concept for a stiffener module that is 
assembled and welded separately 
(Figure 1b). The longitudinal reinforce-
ments welded into the boat’s bottom 
form the module’s boundaries along 
with the laser-cut positioning plates 
(self-positioning joints) welded into the 
side profile/bottom plate. 

The following benefits are 
achieved with the new structure:
 • more room for the welding gun;
 • the longitudinal stiffener structure 

can be welded together by a robot 
separately from the rest of the hull;

 • the stiffener module will be tack 
welded to the hull, after which it can 
be robotically welded;

 • the welds will mostly consist of T-
joints;

 • the number of parts will be signifi-
cantly reduced (triangular brackets 
will be unnecessary); and

 • with minor alterations, the same re-
inforcement module is suitable for 
various models. 

Figure 1. a) A stiffener structure designed to be welded manually; b) A new stiffener module, welded separately.

a) b)

Making the hull of an aluminium 
boat modular

Subassemblies are not traditionally 
used in manufacturing boats, apart 
from the side box structures and possi-
bly the transom. Rather, the workpieces 
to be joined are tack welded and weld-
ed into the final assembly at different 
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Advanced modular fixturing 
technology in the robotic welding of 
aluminium boats

Fixturing technology and jig technol-
ogy are important factors in the success 
of a robotic welding process and the 
profitability of the investment. Modular 
welding fixtures are an alternative to 
product-specific fixtures. Modular fix-
tures are best suited for use in small and 
medium production series. The same 
fixture can be modified and its settings 
can be quickly changed to fit the next 
product. As an investment, it is more ex-
pensive than a single, product-specific 
fixture, but much cheaper than getting 
a separate fixture for each product.

In the research project, we de-
signed a flexible modular welding 
fixture suitable for robotic welding. At 
the same time, we conceptualised a 
new interior reinforcing structure. This 
allows for the utilisation of economies 
of scale with small production series, 
when modular fixturing technology is 
combined with modular products.

By simulating an example robotic 
welding station, we ensured that the ro-
bot could reach all welds, and that the 
welding fixture did not get in the way 

during the robot’s cycle. It did become 
apparent that the welding position was 
not completely optimal in all situations. 

Distortions caused by welding and 
controlling them in aluminium boat 
structures

We conducted practical welding tests 
to investigate welding distortions in 
aluminium. The structural solutions and 
joint types used in aluminium boats were 
the subject of these tests. Based on the 
results, we strove to present solutions to 
reduce and control the welding deforma-
tions in the structures of aluminium boats.

Recommendations for controlling 
longitudinal bending and angular dis-
tortion:
 • approximately 100–100 intermittent 

welds or entirely continuous welds 
should be favoured;

 • design throat thickness should be 
brought under control, especially in 
fastening joints;

 • the maximum strength is gained 
for stiffeners if a small design throat 
thickness is used in combination 
with continuous back step welding;

 • back step welding is a good method 
with regard to deformations; it does 
not affect the amount of angular dis-

tortion and only causes slight bend-
ing; and

 • tack welds should be welded with 
intermittent welds, separate from 
the actual welds.

Controlling deformations in 
aluminium boat hulls through 
design methods

It is possible to affect deformations al-
ready during a product’s design stage, 
and thereby improve the product’s 
quality and assembly-friendliness. Ways 
to decrease deformations during the 
design stage:
 • reducing the number of welds is the 

best method (replacing welds with 
edged workpieces or extrusion pro-
files);

 • decreasing heat supply will also de-
crease the size of deformations (in-
creasing welding speed and using 
cold-arc processes); and

 • deformations are easier to control 
in modules and subassemblies than 
they are in the overall structure, be-
cause of smaller size and smaller 
amount of workpieces. However, di-
mensional accuracy requirements 
must be strict enough to ensure a 
smooth final assembly.

Figure 2. The flexible modular welding fixture.



41

Utilising the results

Resources should be spent on increas-
ing the level of automation to maintain 
and further improve the competitive-
ness of Finnish aluminium boats. The 
first and most important method in 
raising the automation level in weld-
ing work is the controlled changing 
of product constructions to take the 
possibilities of modular thinking into 
account.

The results of the work prove that 
the stiffener structure conceptualised 
for an aluminium boat hull offers sever-
al advantages and useful ripple effects 
during various stages of production. A 
stiffener construction manufactured 
as a separate subassembly, utilising 
self-positioning joints, is open, en-
abling good accessibility to the joints 
to be welded for the robot. Extending 
modular thinking to welding fixtures 
also reduces the size requirement of 
production runs.

Based on the welding test results, 
we achieved clear recommendations on 
ways to control deformations in weld-
ing aluminium structures. Several of the 
methods can be utilised before com-
mencing production, which emphasises 
the importance of the design stage.

Additional information

Lappeenranta University of Technology 
Esa Hiltunen 
esa.hiltunen@lut.fi

Jukka Martikainen 
jukka.martikainen@lut.fi

Corporate partners

HT Engineering Oy Ltd 
Promeco Group Oy 
Terhitec Oy/Silver Boats 
Kewatec Oy

RP-Beam – Structural Design of Reinforced Plastic 
Stiffeners for Mass Production

The rigidity and durability of a boat’s hull provide the basis for its entire struc-

ture and functionality. In this study, we calculated the effects of various de-

tails on the strength of reinforced plastic reinforcing beams optimised for 

mass production. The sufficient accuracy of the somewhat crude FE models 

was empirically verified.

Subject matter and application

The bottom structures of reinforced 
plastic boats typically consist of fields of 
panels that are stiffened by longitudinal 
and transverse beams. Demands relat-
ing to making production more effi-
cient and to the use of interior space on 
boats have had the effect that, instead 
of being structures that are clear in 
terms of strength theory, these frame-
works and their attachment have be-
come difficult to analyse and optimise.

The figure below presents three 
different types of structure:
 • A structure that is clear in terms of 

strength theory (upper left), where 
the panels are carried by longitudi-
nal stiffeners, which in turn are sup-
ported by clearly more rigid web 
frames.

 • A grate (egg-box) structure, where 
the longitudinal and transverse rein-
forcements are of equal height. Typ-
ical in bottom structures, where the 
upper surface of the framework is re-
quired to be even or as low as possi-
ble. No clear structural hierarchy, the 
framework’s strength is more diffi-
cult to analyse.

 • A typical separately manufactured 
stiffener module that is glued or 
laminated into place in one piece. 
In combination with other de-
mands, mostly related to the use 
of space, this leads to compromises 
on clarity and functionality in terms 
of strength theory. These kinds of 
structures typically have an unclear 
hierarchy between primary and sec-
ondary stiffeners, open junctions 
where the transfer of shearing forc-

Figure 1. Three different types of structure.

mailto:esa.hiltunen@lut.fi
mailto:jukka.martikainen@lut.fi
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es is unclear. and the degree of re-
straint (simply supported – fixed) of 
beam ends is difficult to determine. 
In addition, the stiffeners contain 
holes, great variation in height, and 
bevelled ends terminating in the 
panel field.

Simplified calculation methods cannot 
model the critical sections of stiffener 
modules. The basic dimensioning of 
boat structures is dealt with rather ex-
tensively in section 5 of standard ISO 
12215. Section 6 of said standard deals 
with the details. The problem of primary 
and secondary stiffeners is dealt with 
on the level of principle in the standard, 
but because it is a complicated matter, 
it is not possible to provide a practical 
tool for evaluating real structures.

Main conclusions

In this study, we calculated the effects of 
various details on the strength of rein-
forced plastic stiffener frameworks. The 
sufficient accuracy of the rather crude 
FE models was empirically verified.

Beam continuity at crossings

The most typical cases are: 
 • entirely discontinuous beams: the 

juncture is “hollow”, i.e. the web of ei-

ther beam or the flange of the low-
er beam are not continuous at the 
crossing;

 • the upper beam is continuous, but 
the lower one is not; and

 • the lower beam is continuous, but 
the webs of the upper beam are not.

In continuous crossings, the greater 
part of stress peaks are located outside 
the crossing area. The stress peaks of a 
continuous crossing are markedly lower 
(up to 85%) than those of a non-con-
tinuous crossing. The Von Mises stress 
distributions in Figure 2 illustrate the 
effect of crossing area continuity in the 
location, and magnitude of the maxi-
mum stress.

In an entirely continuous crossing, 
the maximum stresses of the juncture 
area and the other parts of the frame-
work are close to each other. Such a 
structure will bear loads more efficient-
ly as a whole. If the crossing is made 
partly non-continuous, the most dura-
ble structure is achieved if the lower 
beam is continuous. The stresses in 
completely non-continuous crossings 
are, at worst, more than 700% greater 
than those in a continuous crossing, 
so the matter is of great importance in 
the design and construction of frame-
works. 

The effect of the height ratio of beams 
in an entirely non-continuous 
juncture

In the study of the effects of height ra-
tio, the crossing area was assumed to 
be entirely non-continuous. Stresses in 
crossing stiffener beams change in an 
almost linearly corresponding to height 
ratio, when the ratio (height of the lower 
beam/height of the upper beam) is be-
low 0.5. When the height ratio approach-
es an egg-box structure, i.e. a ratio of 
1.0, stresses in crossing stiffener beams 
increase remarkably: at worst, they are 
more than 30 times higher than stresses 
at a height ratio of 0.5. This is due to the 
fact that the web between the upper 
flanges of crossing beams transfers large 
displacements to a small area as it be-
comes lower. Problems arise, particularly 
in open crossings, when the longitudinal 
stress from the lower beam is transferred 
out-of-plane of the upper beam’s web as 
vertical shear stress.-

When the web between the upper 
flanges is reduced to zero, the structure 
is a pure grate structure. This situation is 
clearly preferable to a slight difference 
in height between beams in terms of 
avoiding stress peaks. The tray mould-
ing structure dimensions set forth in 
standard ISO 12215 can also be applied 
in such a case.

Figure 2. Stress peaks in a) an entirely non-continuous crossing, b) and c) a partly continuous crossing.

a) b) c)
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Overlaps of reinforcements that are 
often created in the junctures of a boat’s 
frameworks, or spray-layup laminate 
inadvertently added to corners, have 
strengthened structures in practice. For 
this reason, damage has been avoided 
in most cases. However, based on our 
calculations it is clear that in order to 
achieve a stable structure, either a clear 
height ratio (≤0.5) between the primary 
and secondary reinforcements should 
be maintained, or a pure grate (egg-box) 
structure adopted. The formulas set forth 
in the ISO standard can also be applied in 
such a case. In other cases the structure’s 
optimisation requires FE calculations.

Hollows and holes in the beam

A straight, continuous upper flange is 
the best solution for the strength of 
a stiffener beam. A hollow always re-
duces a beam’s rigidity and strength. 
However, if a hollow is made, the rec-
ommended ratio of the hollow’s length 
to the beam’s length is 0.2–0.7. The 
length–height ratio of the angle bevel 
between the beam and the hollow’s 
upper flanges should be in the range 
0.5–4.0. Stresses increase considerably 
beyond these limits.

Holes for various through-fittings 
must frequently be made in the webs 

of beams. However, these holes can be 
critical near crossing points. The effect 
of a hole that is approximately one-
third of the beam’s height in diameter 
on the stresses in an open crossing pro-
vides an example. If the hole is located 
at a distance of less than half the beam’s 
height from the crossing, the stresses 
can, in the worst case scenario, be up 
to 100% greater than in an intact beam. 
If the hole is placed further from the 
crossing (to a distance of more than half 
the beam’s height), stress levels in the 
juncture drop to equal those of intact 
frameworks. Of course, a beam’s total 
strength is weakened by each hole.

We also calculated the stress peaks 
caused by bevelling a beam’s end in the 
study. All results are presented in the 
publication Vänttinen Aki: Lujitemu-
ovisten jäykistepalkkien rakennesuun-
nittelu sarjatuotannossa. VTT Tutkimus-
raportti VTT-S-09765-10 (in Finnish).

Utilising the results

The stiffness and strength of a boat’s hull 
provide the basis for its entire structure 
and functionality. Reinforced plastic stiff-
ener modules that are manufactured as 
separate wholes speed up production 
and frequently support parts of the 

boat’s interior furnishings. From the 
point of view of strength theory, these 
kinds of stiffener modules are usually 
not optimal. Neither do they lend them-
selves to analysis by simple calculations. 

The results of this work help de-
signers to avoid the worst pitfalls in 
designing reinforcement structures, 
and to better take the end conditions 
of strength theory into account, also 
in structures suitable for efficient mass 
production. With the help of our re-
sults, unnecessary overdimensioning of 
structures and therefore extra material 
and labour costs can be avoided and 
the weight and energy consumption of 
the end product reduced. On the oth-
er hand, underdimensioning and the 
resulting damage and reclamations, 
or even dangerous situations arising 
during use can equally be avoided with 
the help of our results.

Additional information

VTT Expert Services Oy 
Max Johansson 
max.johansson@vtt.fi

Corporate partners

Oy Nautor Ab 
Oy Finngulf Yachts Ab 
Finn-Marin Oy

Figure 3. Stress peaks a) at the location of a stiffener’s recess,  
b) at the location of holes near crossings.

a) b)
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Requirements and inspection methods for glued stiffener 
frameworks

Gluing a stiffener framework onto a reinforced plastic-hulled boat speeds up 

the production process compared to the traditional method of attaching the 

framework by lamination. The method also leaves a tidy moulded surface 

visible. However, problems in quality have become apparent in adhesive-

ly bonded. For this reason, the method has not been widely adopted in Fin-

land. The VTT research project determined what requirements should be set 

for glued joints of frameworks, and which factors have an adverse effect on 

the strength of the glued joint. In addition, we defined an inspection method 

that is appropriate for production conditions, is sufficiently accurate for glued 

joints and is fast.

Subject matter and application

The hull structures of reinforced plastic 
boats are typically stiffened with longi-
tudinal and transverse beam frameworks 
or tray mouldings. The frameworks have 
traditionally been attached to the hull 
by laminating. Gluing the frameworks 
on is a faster and more efficient method 
of attaching the frameworks from the 
perspective of production. However, 
glued frameworks have gained a bad 
reputation because of damages that 
have occurred to certain boats. Many 
manufacturers have avoided gluing, be-
cause inspecting glued joints and quality 
control have proven to be problematic.

The objective of the study was to 
develop gluing expertise, so that boat 
builders could reliably use gluing to at-
tach reinforced plastic frameworks in the 
future. An extensive literature review was 
carried out on the characteristics of vari-
ous types of glue for use in boats, factors 
weakening the strength of a bond and 
inspection methods for glued joints.

An FE model was created of a 
model bottom structure. The stresses 
acting in different parts of the glued 
joint between the framework and pan-

els were studied through the model. We 
compared the effects of different types 
of adhesives, various joint thicknesses 
and spew shape on stress peaks with a 
local FE model. In addition, we manufac-
tured a series of specimens by which we 
sought to verify the results of our calcu-
lations and provide more information on 
the effects of various parameters on the 
strength of a glued joint, especially when 
subjected to a tearing load. 

Practical experiments on methods 
suitable for inspecting glued joints and 
for quality control were conducted in 

Model Glue Joint 
mm

Bend 
mm

Tearing 
stress on the 

glue MPa

Shearing 
stress on the 

glue MPa

Stress 
ratio

Pressure 
on the glue 

MPa

14 flexible  1 3.7 8.8 22.5 0.39 -109

13 flexible  2 3.7 5.5 14.7 0.37 -80

 3 flexible  5 3.6 3 12 0.25 -59

 8 flexible 10 3.6 1.8 11 0.16 -46

12 rigid  1 3.6 12 26.2 0.46 -149

11 rigid  2 3.6 9.1 17.4 0.52 -107

 0 rigid  2.8 3.6 5 10 0.50 -70

 6 rigid  5 3.5 5 16 0.31 -77

 4 rigid 10 3.4 2.5 14 0.18 -62

 4 no spew rigid 10 3.6 5.5 18 0.31 -58

addition to the literature review. The 
suitability of thermography for inspect-
ing gluing was tested in the laboratory 
and on a production boat in the facili-
ties of a participating company. 

Main conclusions

Table 1. The effect of joint thickness on calculated tearing and shear stress on the glue 
on test pieces that were subjected to three-point bending tests.

Results of strength analyses and tests

The effect of joint geometry on the 
stress distribution on the borders of the 
glued joint is significant based on the 
literature and on FE analyses. Correctly 
designed angle bevels and spews lower 
stress peaks. It must also be noted that 
spews slow the penetration of humidity 
into the glued joint, and thus improve 
the structure’s long-term strength.

The tolerances of the adherends 
are usually large when joiningrein-
forced plastic frameworks in boats-
boats. It is therefore desirable that the 
strength of the adhesive is not sensitive 
to variations in joint thickness or even 
to considerable thicknesses. It can gen-
erally be stated that a joint thickness of 
1–2 mm provides the greatest strength 
to joints requiring shear strength if a 
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rigid glue is used. The corresponding 
figure for flexible glues is approximate-
ly 4 mm. From the perspective of tear 
strength, it is not advisable to go below 
a thickness of approximately 2 mm. The 
following table compares the effect of 
joint thickness on calculated tearing 
stress on the glue, and on shear stress 
on test pieces that were subjected to 
three-point bending tests. 

The shear strength of adhesives 
typically used in boat structures is usu-
ally sufficient, at least under static loads. 
The tear strength of a glued joint, on the 
other hand, can be a problem. Tearing 
stresses can be affected by joint design 
and the size of spew. We conducted 
tear strength tests during the project 
to determine the radius of rounding for 
the reinforcement’s flange and the ef-

fects of damage that was gouged to the 
glued joint, among other things. 

The results proved that damage re-
duced the test pieces’ tear strength by 
an average of about 30% compared to 
an intact piece. The size of the damage, 
on the other hand, did not have much 
effect on strength, although there was 
a rather large amount of dispersion in 
the results. 

More results of the calculations 
and tests are presented in the VTT re-
port Sippola, M., Hintikka, P: Liimattujen 
lujitemuovipalkistojen vaatimukset ja 
tarkastusmenetelmät (in Finnish).

Inspection methods of glued joints

Based on the literature review, ther-
mography, or photography with an in-
frared camera, was the most promising 
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Figure 1. Test piece used in tearing 
strength tests.

Figure 3. The light area on the thermographic image (b) taken of the test piece from a hat-type stiffener (a) 
turned out to be an air bubble in a glued joint when the section in question was sawed open.

Figure 2. Influence of damage size on tearing strength.

a) b)



46

method due to its speed and sufficient 
accuracy. Laboratory tests conducted 
during the project indicated that flaws 
approximately 10 mm in diameter 
showed in the thermography. 

The functionality of thermography 
in boat production was tested by in-
specting the attachment of an interior 
module glued to the hull. The surfaces 
were heated with two 1,000 W infrared 
lamps from a distance of approximate-
ly 40 cm. The inspected surfaces were 
glossy Gelcoat surfaces and roof lamps 
at first reflected off the surface, distract-
ing the infrared images. The distractions 
were eliminated by conducting the 
measurement under a covering. Areas 
of inadequate adhesion were discov-
ered by knocking with a metal object. 
The same areas, only larger, were de-
tected in thermography.

Thermography proved to be a suf-
ficiently accurate method, quite easy 
to adopt, for inspected glued joints. If 
the heating method were developed 
by building lowering frames for the 
infrared lamps, for instance, it would 
be possible to inspect the framework 
of a typical 6 metre boat in around 15 
minutes.

Utilising the results

Companies that design and manufac-
ture reinforced plastic boats can utilise 
the project’s results in designing and 
production planning of the glued joints 
of stiffener frameworks, as well as selec-
tion of materials and inspection meth-
ods in ensuring a successful gluing. 
Adhesive manufacturers and retailers 
can utilise the results in selecting glues 
suitable for the boat industry.

According to the study, the 
strength of a glued framework is pri-

marily a question of quality: if the spews 
are adequate and the glued surfaces 
clean and post-hardened, glue easily 
surpasses the strength of mat laminate, 
at least under static loads.

Contact information

VTT  
Merja Sippola  
merja.sippola@vtt.fi

VeKe – Vacuum Injection and RTM Manufacturing 
Methods in the Boat Industry – Developing Production 
Efficiency, Surfaces, Quality and Structures

The VeKe project studied the optimisation of overpressure and vacuum injec-

tion methods through numeric calculations, surface quality management, the 

effects of new resins (including DCPD) that shrink very little in improving sur-

face quality, the design and production of moulds and cost-effective vacuum 

creation. In addition, a techno-economic analysis of various production meth-

ods was conducted in the project. There were several research areas, and sepa-

rate reports were drawn up of each area. For example, in the study on damage 

tolerance it was concluded that the damage tolerance of typical boat laminates 

was dependent on both the resin and the reinforcement structure used. The re-

sults support the hypotheses on the reinforcing effect of a chopped strand fibre 

mat and the weaker damage tolerance of DCPD resins.

VTT Expert Services Oy 
Max Johansson  
max.johansson@vtt.fi

Corporate partners

Wihuri Oy Power products 
Bella-Veneet Oy 
Konekesko Oy Marine 
Oy Nautor Ab 
Oy Sika Finland Ab

Subject matter and application

The techno-economic advantages of 
closed-mould technologies are not 
yet beyond dispute at current prices 
of the factors of production. Changing 
to new production methods, and their 
optimisation in particular, may bring 
about many problems that boat build-
ers do not have the time to resolv. It 
was therefore the project’s objective 
to determine the real cost structure 
of current production methods, to 
look for alternative and more efficient 
closed-mould production methods for 

various components, to investigate the 
transfer of production technology from 
the applicable methods used by the 
wind power and automobile industries, 
to optimise closed-mould production 
methods, to determine the quality 
and actual cost structure of products 
produced with alternative production 
methods, and to recommend alterna-
tive methods of production to compa-
nies based on the results.

In addition to technical simulation 
and measurement results, the project 
team considers comparative cost ac-
counting an especially important task, 

mailto:merja.sippola@vtt.fi
mailto:max.johansson@vtt.fi
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Figure 1 presents the 3D profilom-
eter used in the studies, and the picture 
of the surface resulting from the meas-
urement.

Light RTM tests

The work stages in this section consist-
ed of testing various reinforcement op-
tions through FE simulation, injecting 
the most applicable constructions with 
a Light RTM mould and conducting 
bending tests on the finished compo-
nents in the laboratory. Finally, a surface 
quality measurement was carried out 
on a sample cut from the component. 
First, we determined what reinforce-
ment structure option achieved the 
necessary stiffness. Because the manu-
facturing and testing of every compo-
nent for every structural variation is 
slow and expensive, FE simulation was 
first used to determine the most suit-
able options.

Damage tolerance

This section’s purpose was to determine 
how much resin type, reinforcement 
type and the stacking of reinforcement 

materials affected the damage toler-
ance of injected fiberglass laminate. 
A total of 12 different resins were in-
vestigated. We tested two biaxial rein-
forcements, one of which contained a 
chopped strand fiber mat and the other 
did not. In stacking the reinforcements, 
we used both symmetric stacking and 
stacking the reinforcements in a uni-
form manner. 

We utilised acoustic emission 
measurement in the tensile tests, which 
meant measuring the crackling caused 
by the fracturing of the test sample with 
two acoustic emission sensors in addi-
tion to measuring force and strain. The 
variables measured were the tensile 
elasticity module, strain and stress at 
the moment of initial damage, stress at 
the moment of initial damage, and ulti-
mate tensile strain and stress. The meas-
urements were carried out at the Ifre-
mer Research Centre in France, where 
a researcher from Mikkeli University of 
Applied Sciences and Tampere Univer-
sity of Technology conducted the tests 
with Ifremer equipment in Brest as part 
of Ifremer’s “METRI” FP7 research project. 

because there is very little precise re-
search data on the weighting of cost 
factors, but there are plenty of argu-
ments emanating from the material 
and equipment suppliers for various 
production methods and intuitive esti-
mations and beliefs of producers.

Main conclusions

Figure 1. The 3D profilometer and the precise surface shape of the object measured by it.

Surface quality 

The preliminary study charted what re-
search has been done globally on the 
surface quality of composite products. 
The intention was to discover data for 
comparison with the RTM and vacuum 
injection product surface quality study 
undertaken in the project, and informa-
tion on the effects of fillers on the sur-
face quality of polyester resin/fibreglass 
composite products. Out of the actual 
fillers, nanoclay particles proved to be 
more efficient in compensating for 
shrinkage than the traditional calcium 
carbonate mineral. Due to their elon-
gated shape, silicates functioned like 
reinforcement and prevent polymers 
from moving. 
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Figure 2 presents the acoustic emission 
measurement in action, and Figure 3 
contains a cross-cut of the test sample 
after impact testing. 

Techno-economic analysis

This section was implemented as a 
Master’s thesis for the Department of 
Materials Science at Tampere University 
of Technology. The objective of the Mas-
ter’s thesis was to determine the cost 
structures of vacuum infusion and pres-
sure injection in the manufacturing of 
laminates for boats, and compare it with 
production methods more widely used 
in the boat industry today, i.e. spray-lay-
up moulding and wet lamination. Even 
though the advantages of closed-mould 

production methods in quality, safety 
and environmental friendliness are rela-
tively well-known, their financial benefits 
remain unclear. The results of this section 
are comprehensively represented in Mik-
ko Esko’s Master’s thesis ”Alipaineinfuusio 
ja paineinjektio venelaminaattien valmis-
tuksessa – Teknistaloudellinen tutkimus” 
(in Finnish).

The case study concentrated on 
comparing the costs of a component in 
production when using wet lamination 
and vacuum infusion as a manufactur-
ing method. The case study provided 
approximate information on the actu-
al cost structures of these lamination 
techniques. At the same time, we no-
ticed that although the processes are 

very different, their unit costs are in the 
same order of magnitude. 

Utilising the results

The results of the sections studied can 
be utilised in the design of medium-
sized boats and in choosing materials 
for them. Surface quality plays a central 
part on choosing materials for boats, 
and special attention should be paid to 
the results achieved in the study. Lami-
nates manufactured by different meth-
ods can be reliably compared – and the 
superior choice determined – by the 
research methods we used. However, 
good surface quality must also fulfil the 
necessary mechanical requirements, so 
good results can only be achieved by 
combining the right reinforcements to 
achieve sufficient damage tolerance 
and surface quality. A techno-economic 
analysis facilitates the choice of produc-
tion method, especially from a financial 
point of view, and provides tools for 
comprehensive comparison between 
various production methods. 

Additional information

Mikkeli University of Applied Sciences,  
YTI services 
Martti Kemppinen 
martti.kemppinen@mamk.fi 

Tampere University of Technology, 
Department of Materials Science 
Jyrki Vuorinen 
jyrki.vuorinen@tut.fi

Corporate partners

Ahlstrom Glassfibre Oy 
Ashland Finland Oy 
Oy Botnia Marin Ab 
Konekesko Oy 
Fiberline Oy 
Trikatex Oy

Figure 3. Penetrating liquid in the test sample after impact testing.

Figure 2. a) Tensile test with acoustic emission measurement, b) Mode-I interlaminar 
fracture toughness test.

a) b)

mailto:martti.kemppinen@mamk.fi
mailto:jyrki.vuorinen@tut.fi
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WiND – Wireless Sensor Technology and NDT Methods  
in the Quality Control of Composite Plastics

The objective of the study was to discover the newest and most suitable 

methods for companies to monitor the curing of resins or detect lamination 

errors and damage to laminates, among other things. In the field of wireless 

sensor technology, we determined how the state of the production environ-

ment and the means of production (e.g. real time temperature in the mould, 

number of releases, the thickness of various parts of a component laminated 

in a mould) can be monitored by a network of wireless sensors.

Subject matter and application

The WiND project’s core idea is to study 
in detail which new technologies and 
methods can be used to improve the 
quality control and monitoring of pro-
duction and products in the compos-
ite industry companies participating in 
the project. The Tampere University of 
Technology/Department of Materials 
Science, Plastics and Elastomer Tech-
nology/Kokkola Unit and the Univer-
sity of Jyväskylä/Kokkola University 
Consortium Chydenius (KYC)/Informa-
tion Technology Unit participated in 
the work.

The following sections are part of 
the study:
 • The more detailed determination of 

the current situation of companies 
and determining the need for test-
ing methods

 • The collection and production of the 
latest research data and applied da-
ta and disseminating it to the com-
panies

 • Methods studies, testing of equip-
ment and demonstrations with 
composite materials 

 • Comparative material testing in lab-
oratories: e.g. the necessary ther-
momechanic and mechanical test-
ing

Composite plastics always contain 
flaws caused by the materials or pro-
duction process. The approval of more 
demanding structures is highly depen-
dent on the successful application of 
NDT methods (non-destructive testing). 
These ensure that the size and quality of 
flaws remain acceptable and that they 
will not cause damage to the structure. 
The chosen NDT method should be af-
fordable, sufficiently accurate and easy 
to implement.

The following conclusions were 
reached in the measurement equip-
ment survey:
 • Strain gauges are a relatively afford-

able solution and they are used in 
many fields of production. An ap-
propriate measurement sensor can 
be found for practically all materi-
als, and they are suitable for wireless 
transfer of data.

 • Equipment is available in various 
price categories for ultrasound in-
spections. With cheaper equipment, 
homogenic vs. laminated compo-
nents pose problems in interpreting 
results. The method requires a sig-
nal source.

 • The equipment required for meas-
urements based on optical fibres is 
expensive, even though the fibre is 
cheap. This equipment enables ac-
curate measurements and can be 
used for various kinds of measure-
ment. 

Strain gauges were selected for further 
study. The purpose of the study was 
to demonstrate the reliability of strain 
gauges in quality control and to prove 
that they are suitable for use in the boat 
industry with regard to their tolerance 
of sea water, for instance. In addition, 
it was our intention to prove that they 

 • Charting the quality control situa-
tion in Finnish composites produc-
tion and evaluating the need for re-
search and development

 • Evaluating the available quality con-
trol methods for composite materi-
als and possible research and devel-
opment needs relating to them.

Main conclusions

The research subjects that rose to 
prominence during meetings with the 
companies are quality control and in-
spection at the overall level (both dur-
ing and after production), the monitor-
ing of the thickness of production ma-
terials, internal and external damage to 
materials, the detection/monitoring/
recording of all kinds of stress states 
in various materials, and determining 
what kinds of ready solutions exist 
and at what prices. Possible methods 
include strain gauges, ultrasound tech-
nology, eddy currents, optical fibes and 
thermographic cameras.

Companies need to witness the 
methods in action before changing their 
own production activities or investing 
in new equipment. The project looked 
for suitable solutions for quality control 
and monitoring for the companies from 
among the methods currently available. 
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are suitable as measurement sensors in 
wireless sensor networks.

We conducted several different 
test measurements of the same subject, 
using both wireless and wire-reliant 
measurement systems. One test placed 
the test samples under load (30% of 

Figure 1. A CiNetStrain sensor node.

Figure 2. The CiNetStrain measurement system.

bending strength) in room-temper-
ature sea water, and another test was 
conducted without submerging the 
samples. This allowed us to determine 
possible changes in the strain gauges 
during long-term measurements, eval-
uate the reliability of wireless transfer 

and determine the power consumption 
of the nodes.

The CiNetStrain measurement 
equipment and user interface devel-
oped at the Kokkola University Consor-
tium Chydenius allows the follow-up of 
the signals in real time, either graphi-
cally or numerically, using a www por-
tal, for example. CiNetStrain enables a 
system of continuous strain monitoring 
and measurement that can make cur-
rent operating methods significantly 
more efficient. The equipment is small 
in size, light and extremely cheap in 
terms of components. Its final price will 
be determined through productisation. 
Modest energy consumption and the 
ability to operate on batteries enable 
long operating periods with no main-
tenance.

Utilising the results

The results of the study can be utilised 
in monitoring changes detected in the 
structures of finished boats, moulds 
of the boat industry, wind power tur-
bine blades and structures of build-
ings, among other things. Continuous 
measurement allows the immediate 
detection of changes in the subject. 
Strain information can also be used in 
decision-making on matters of material 
maintenance, for example. It is also pos-
sible to wirelessly implement monitor-
ing during use. 

Companies will receive informa-
tion on the latest composite measure-
ment methods appropriate for factory 
use and the possibilities for utilising 
sensor technology in production pro-
cesses (monitoring of resin curing, 
damage detection, monitoring of pro-
duction conditions, identifying moulds 
or components, etc.).



51

The wider adoption of new tech-
nology and NDT methods will improve 
risk and cost management in the pro-
duction of composites. New methods 
for making production processes more 
efficient can be discovered when cor-
porate needs, new technology for test-
ing materials and wireless sensor tech-
nology meet.

In addition, the R&D needs of qual-
ity control procedures and methods are 
identified from the perspective of com-
panies producing composite products.

Contact information

Tampere University of Technology 
Pentti Järvelä 
Tampere University of Technology/ 
The Plastic and Elastomer Technology 
Laboratory 
pentti.jarvela@tut.fi

Kokkola University Consortium Chydenius 
Ismo Hakala 
University of Jyväskylä/ 
Kokkola University Consortium Chydenius/
Information Technology Unit 
ismo.hakala@chydenius.fi

Timo Hongell 
University of Jyväskylä/ 
Kokkola University Consortium Chydenius/
Information Technology Unit  
timo.hongell@chydenius.fi

Corporate partners

Baltic Yachts Oy Ab Ltd 
Mervento Oy 
Oy Finn-Marin Ltd 
Exel Composites Oyj 
Terpol Oy 
Insinööritoimisto Enmac Oy 
Oy KWH Mirka Ab 
Sinex Oy

Greenline 2012 – The Possibilities of Recyclable and 
Environmentally Friendly Materials in Boatbuilding

The study concentrated on the use of recyclable materials, such as compos-

ites based on biofibres, in the manufacturing of boat hulls and deck struc-

tures. Plastics reinforced with wood fibre are already used in the construction 

of terraces and quays, among other things. We optimised the amount of plas-

tic and the combinations of materials for use in boats and investigated vari-

ous joining techniques. The project also produced a prototype dinghy from 

natural fibre composites, “a welded wooden boat”.

Subject matter and application

The project’s objective was to de-
termine and analyse which kinds of 
wood-plastic composite materials and 
construction techniques would be suit-
able for boat manufacturing. The study 
concentrated on the use of recyclable 
materials, such as composites based 
on biofibres, in the manufacturing of 
boat hulls and deck structures. In ad-
dition to technical implementation, 
objectives included the promotion of 
Finnish boat manufacturers’ awareness 
of new “breakthrough material options”, 
increasing networking among boat 
builders both within the industry (R&D 
activities regarding structural materials) 
and with actors from outside the indus-
try (new materials) and thereby increas-
ing global competitiveness.

The following reasons make com-
posites reinforced with natural fibres 
interesting:
 • current biodegradable synthet-

ic plastics have not made a break-
through;

 • natural polymers cannot match the 
characteristics of synthetic plastics;

 • the increasing demand for fuel raises 
questions on the availability of raw 
materials for polymers;

 • fluctuations in the price of oil raise 
concerns about our dependency on 
oil; and

 • climate change encourages people 
to regard biomass in a new light.

Wood-plastic composites are combina-
tions of wood fibre and plastics (typi-
cally thermoplastics, such as polypro-
pylene) that combine the good char-
acteristics of wood and plastic: they are 
more resistant to humidity than wood 
and more rigid than plastics. The pro-
portion of wood fibre can vary between 
10–90%, but a typical mixture is 60/40. 
The problem with wood-plastic com-
posites is the natural incompatibility 
between wood fibre and the plastic 
matrix: wood fibre is hydrophilic and 
plastics are hydrophobic.

The study investigated the suit-
ability of available biofibre-based 
composite materials for use in the 
boatbuilding industry. The special con-
siderations relating to the use of the 
materials in question with regard to 
moulding properties and joining, for 
example, were also studied. In addition, 
we piloted new additives and filler ma-
terials and explored the possibilities of 
using them in composites (including 
fibreglass waste and Imprex) as well as 

mailto:pentti.jarvela@tut.fi
mailto:ismo.hakala@chydenius.fi
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functional and intelligent polymers. We 
also studied the use and applications of 
these materials and composite safety, 
environmental performance (includ-
ing recyclability) and image. Finally, we 
looked into high-performance wooden 
materials and structures for the boat 
industry.

Main conclusions

An overview of the possibilities of 
wood-plastic composites is presented 
in Table 1. 

During the first stage of material 
development, we came to the conclu-
sion that commercial products and the 
literature show that certain character-
istics are already at a high level. These 
include hardness, resistance to humid-
ity and mechanical characteristics, the 
last two with some reservations. The 
main challenge is increasing impact 
resistance.

In the second stage of material 
development, we sought solutions to 

Utilising the results

It was concluded in the study that wood-
plastic composites are suitable as a mate-
rial for the production of various product 
parts, such as benches, deck hatches or 
deck materials, both as extrusion prod-
ucts and in die-cast form. Interesting 
applications can be found for these ma-
terials, whether reinforced purely with 
natural fibres or as hybrid composites. 
The materials can be joined by various 
welding techniques and by gluing. Boat-
building can be made more ecologically 
sustainable by increasing the reliance on 
natural fibre materials. The project pro-
duced a prototype dinghy from natural fi-
bre composites, “a welded wooden boat”, 
for experimental purposes.

Contact information

Lappeenranta University of Technology 
Timo Kärki, timo.karki@lut.fi

Participating companies

Terhitec Oy 
Esmarin Composites Oy 
Ahlstrom Glassfibre Oy 
Kotka Mills Oy 
Merinova Oy

Figure 1. Wood-plastic composite 
products.

Table 1. The possibilities of wood-plastic composites.

STRENGTHS

 • friendliness to the environment
 • recyclability
 • service life
 • modifiability, free form
 • weather-resistance and dimensional 
stability

WEAKNESSES

 • appearance, with some reservations
 • unfamiliarity
 • lack of long-term research data
 • price of equipment and moulds
 • weight
 • standards still at the development stage

POSSIBILITIES

 • can replace impregnated wood
 • completely new products
 • can replace hardwoods

THREATS

 • prejudices
 • price and availability of oil
 • the new material might not succeed in 
breaking into the market

 • failure of pricing

Figure 2. The prototype dinghy 
constructed in the project.

the challenges through the following 
actions:
 • optimisation of the amount of plas-

tic (increasing impact resistance);
 • material combinations (e.g. fibre-

glass/IMPREX);
 • additives;
 • modifying the fibre raw materials 

before extrusion; and
 • modifying fibre orientation. 

We also constructed a prototype din-
ghy, on which we tested the use of 
colourants, the moulding properties 
of the material and joining in boat-
building.

mailto:timo.karki@lut.fi
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iBoats – Smart Boats

The role of various steering systems in boats has been growing in recent 

years, and will most likely continue to grow strongly in the future. The tech-

nology of navigational aids, such as chart plotters, has stabilised somewhat, 

but there are several possible solutions for many other systems. This study 

focused on developing solutions for joystick control, utilising buses and the 

possibilities for utilising digital hydraulics and the controls of non-road mo-

bile machinery (NRMM) in work boats. We additionally studied the measuring 

of flow conditions around a sail.

Subject matter and application

The “intelligence” of boats, or rather 
smart systems in boats, is a very broad 
field. For example, when driving a boat 
equipped with water jet propulsion 
through open water, the most impor-
tant thing is that the water jets’ streams 
are aligned and that the stream can be 
directed forwards quickly in the event 
of emergency stop. Correspondingly, 
harbour manoeuvring, it is desirable 
to be able to drive the boat sideways, 
diagonally forwards and back and to ro-
tate it in place. Control units and actua-
tors, as well as feedback couplings are 
required to carry out these functions. 
Furthermore, implementation needs to 
be compatible with industry standards 
and all devices need to be as efficient as 
possible, so that, for example, the boat 
can employ electric propulsion and bat-
teries battery in harbour areas to reduce 
noise. 

Main conclusions

Devices and systems

Subproject conclusions

Electrification of the work boat
A work boat contains various actuators 
with several dependencies between 
them. Various alarm systems addition-
ally collect information on the boat and 
transmit it further as necessary. A net-
worked system enables the collection 
of alarm information from the entire 
boat to one point. It was found in the 
test version that an Ethernet network 
and a Modbus protocol, for instance, 
provide a simple and open way of 
implementing device management 
for the entire boat with reasonably af-
fordable components. There are also 
increasing numbers of systems availa-
ble, which utilise components certified 
according to the NMEA2000 standard 
and which enable the implementation 
of the network as a CAN bus. 

Water jet joystick control

We used a simulation environment as 
an aid in studying joystick control. The 
functionality of solutions was first veri-
fied in the simulation environment. The 
simulation of these functions was, in the 
first stage, implemented via Qt between 
the simulator’s joystick controls and the 
functions of actuators (Figure 1).

The simulator was created in the 
Qt and c++ programming languages, 
and its lower-level functions using C-
language. The functions programmed 
in C were finally implemented in an 
NRMM controller. The arrangement was 
successful, because the simulator and 
end user environment could be utilised 
side-by-side during the entire software 
development stage. For instance, we 
were able to monitor the position of 
the water jet nozzles during driving on 
a computer screen.

Hydraulics

Cylinders equipped with position trans-
ducers and closed-loop PI control were 
used to turn the nozzles (Figure 2).

Even though this was a servo ap-
plication, we used an open-centre 
NRMM valve in the test version, because 
the system could accommodate a con-
stant displacement pump. The valve’s 
characteristics were programmatically 
made to reach the level required by the 
application.
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Larger boats contain doors, open-
ing decks and swim platforms that can 
be operated hydraulically. A small hy-
draulic aggregate operating on direct 
current is a definite option for several 
uses in these applications. The power 
requirement is usually low, and the 
pump will only operate when required. 
Boat builders and users appreciate their 
quietness and reliability.

Integrated electro-hydraulic actua-
tors reduce the need for piping, facili-
tate installation and combine the ben-
efits of electricity and hydraulics. 

Figure 1. The simulator implemented through Qt.

Figure 2. An electro-hydraulic pump. Applying digital hydraulics

Digital hydraulics can significantly im-
prove the performance and fault tol-
erance of hydraulic systems. The fault 
tolerance is based on a valve system 
implemented through several on/off 
valves, cf. /www.tut.fi/iha/ (Figure 3).

The study investigated the pos-
sibility of using digital hydraulics in 
directing the jet streams of hydraulic-
cylinder watercraft. The objective was 
to create the most reliable, simple and 
affordable system that can be connect-
ed to the boat’s steering system, based 

Figure 3. A digital-hydraulic valve block.

on a CAN bus, and which would meet 
the performance value requirements 
set for it. The digital-hydraulic steering 
was implemented with a simple 5-bit 
“meter-out” coupling, where the cylin-
der is directed by a directional control 
valve, and speed is controlled by ad-
justing the outflow by digital hydrau-
lics. The electronic steering was imple-
mented with the Motorola MCF568323 
16-bit CAN driver. The functionality and 
performance values of the system were 
inspected through simulation and in a 
test system built in a laboratory.

Digital hydraulics in directing the jet 
streams of a waterjet

The NMEA2000 and CiA307 application 
frameworks meet the requirements set 
by international standards on the steer-
ing systems of vessels, but the CiA 307 
is still in the development stage and the 
NMEA 2000 does not offer the device 
profiles and support required to direct 
hydraulic regulating units.

The valve controller used the 
CiA408 device profile specified for the 
hydraulic uses of the CANopen protocol. 
The CiA408 was modified to suit digital 
hydraulics by taking the necessary pres-
sure readings into account and adding 
the parameters required by digital hy-
draulics into the object library. The steer-
ing interface was successfully made to 
correspond to the proportional valves.

Digital hydraulics can utilise af-
fordable control electronics, if the 
number of opening combinations and 
the required computing power remain 
low. The digital-hydraulic “meter-out” 
coupling proposed based on the test 
results meets the performance require-
ments set for steering hydraulics. The 
service life of on/off valves can be esti-
mated from the number of times they 

http://www.tut.fi/iha/
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have been toggled on/off. The fault tol-
erant control of the digital valves ena-
bles performance values that are nearly 
equivalent to those in a normal situa-
tion. A diagnostic to trace faulty valves 
can be implemented based on pres-
sure, position and speed conditions.

Measuring conditions relating to sails

One of the most important factors influ-
encing a sail’s service life is the amount 
of ultraviolet radiation it is subjected to. 
The amount of sunlight can be meas-
ured with a photoelectric cell and the 
received signal can then be integrated 
in relation to time. Additionally, we ex-
perimented with measuring wind con-
ditions with strain gauges, a capacitive 
film, a hot wire sensor, and with meas-
uring pressure with a film sensor.

Utilising the results

The results of the study have been uti-
lised in the R&D activities of the partici-

pating companies. One of the study’s 
most significant achievements was 
the creation of a framework model for 
the steering system for the work boat 
equipped with a water jet. This section 
of the study looked for alternative solu-
tions in implementing hydraulics and 
steering systems. We successfully made 
the desired measurements on the con-
ditions of sail use, but more product 
development is still required to get to 
a finished product.

Digital hydraulics can be utilised in 
cost-critical applications, where perfor-
mance requirements are not especially 
stringent and can be met with a small 
valve system. In such a case, digital hy-
draulics can utilise affordable control 
electronics, if the number of opening 
combinations and the required com-
puting power remain low.

Standards

In connection with the development 
of water jet controls, we familiarised 

ourselves with the “Small craft – Electri-
cal/electronic control system for steer-
ing, shift and throttle, ISO/WD 25197” 
standard being prepared. We notified 
our partners of the standard’s contents, 
so that they can influence its final con-
tents if necessary.

We also notified our partners of 
the possibility of participating in the 
preparation work of a standard relating 
to electronic propulsion. The high volt-
ages prevalent in applications are one 
of the reasons why the “Small Craft- 
Electric Propulsion Systems” standard is 
necessary.

Additional information

Helsinki Metropolia University of  
Applied Sciences Oy 
Jari Savolainen 
jari.savolainen@metropolia.fi

Satakunta University of Applied Sciences 
Sauli Ahvenjärvi 
sauli.ahvenjarvi@samk.fi

Tampere University of Technology TTY, 
Rauma Unit 
Esa Mäkinen 
esa.makinen@tut.fi

Corporate and other partners

Elomatic Oy 
Marino Oy  
Nomovok Oy 
Telemerkki Oy 
TKE Oy 
WB-Sails Oy 
Genera Oy 
HT Engineering Oy 
Beijer Electronics Oy 
Electric Ocean Oy 
Comprog Electronics Oy 
Bitec Oy 
The Finnish Lifeboat Institution 
Headquarters of the Finnish Border Guard

Figure 4. A strain gauge glued to a sail.
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ePropulsion – Energy-Efficient Uses of Propulsion

The use of electric and hybrid propulsion in boats may quickly become much 

more common as a result of emission regulations and the need to limit noise. 

On the other hand, various independently operating, autonomic solutions 

will become more prevalent in official use. This project looked for solutions to 

utilising electric propulsion in connection with water jets. We also pondered 

the optimal dimensions of electricity use and investigated the applicability 

of various data bus solutions in boats. In addition, we investigated a self-re-

charging electric hybrid porpåulsion in sail boat use. Various Ethernet buses 

will probably take over the data transfer between various devices in cars in 

the near future. This is likely to happen in boats as well. In the study, we im-

plemented wire-based and wireless data transfer alternatives.

Subject matter and application

’Energy-efficient uses of propulsion’ is 
quite a broad concept. In our study, 
we concentrated on the dimensioning 
of electric motors and on applying ef-
ficient hydraulics, buses relating to con-
trol and control technology in general. 
It is important to take end use condi-
tions into account when dimensioning 
a motor, so that overall efficiency will re-
main as high as possible. Hydraulics ef-
ficiency also needs to be on a high level, 
especially in battery-operated motors. 
In such a case, the actuator running the 
pumps should only operate when nec-
essary. Digital hydraulics, on the other 
hand, can improve the efficiency of hy-
draulic systems. All devices should be 
connected by a real-time bus, so that 
the entire system’s functions can be 
optimised, and controlled better as a 
whole in fault situations.

open water. When the rated load torque 
and rated speed are dimensioned on 
the bollard pull curve, the motor does 
not need to be overloaded during 
normal use. In open water, full power 
is only achieved in the field weakening 
region. In such a case, the magneto’s 
magnetic flux needs to be limited by 
counter magnetisation, which will in-
crease loss during motor use and use 
up battery capacity. This dimensioning 
method is appropriate if the motor will 
mostly be used at limited speeds.

The rated load torque and rated 
speed are achieved when dimension-
ing with an open water curve and field 
weakening will not be necessary. In 
such a case, the rated speed cannot 
be achieved with a bollard pull curve 
without overloading the motor. In head 
winds, for instance, the rated speed can 
only be achieved for a limited period 
without overheating the motor. If the 
motor is mostly used at less than full 
loads, good results will be achieved 
with this dimensioning method. 

Hybrid use sets its own limits on 
dimensioning, since the unit functions 
both as a motor and a generator in hy-
brid use. The unit must be able to func-
tion in four quadrants, i.e. to accelerate 
and decelerate in both directions, to 
make energy recovery possible and en-
able the feeding of energy recovered 
during recharging into the batteries. 
The generator needs to be magnet-
ised to create power. The necessary 
magnetisation will in practice be taken 
from permanent magnets to achieve 
maximum efficiency. In that case the 
only possible motor is a permanently 

Main conclusions

Motor dimensioning

In electric propulsion, the correct di-
mensioning of a motor’s moment and 
revolution speed is important in order 
to enable it to operate as efficiently as 
possible and produce the most power. 
Propulsion use can be dimensioned ac-
cording to a bollard pull curve, i.e. with 
the boat standing still or running in 

Figure 1. Recharging electric propulsion 
unit of Oceanvolt Ltd.
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magnetised synchronous motor con-
trolled by an inverter.

Data buses

Both navigation and steering equip-
ment converse with each other over a 
bus. The NMEA-2000 has become the 
most common data bus, and it seems 
to be the most typical solution for data 
transfer in boats. Using a CANopen bus 
is a good alternative for controlling rud-
der gear or water jets. There are more 
and more hydraulic valves and sensors 
available for this bus. The bus is also fast 
enough for closed-loop controls. Ether-
net-based buses will increasingly gain 
ground in cars and boats. Industrial real-
time Ethernet buses, like Ethercat and 
Powerlink, can also be applied to the 
steering of boats. Both buses support 
CANopen applications, which transfer 
data in what is termed a CANopen over 
Ethernet format. The Powerlink is entire-
ly implemented in open source code, 
so its use entails no licence fees. Due to 
its affordability, a Lin bus is well suited 
to controlling lights and other simple 
functions. The Flexray, much used in 

cars, will probably find its way into con-
sumer electronics on boats. The largest 
problem encountered in the project 
was the unwillingness of boat engine 
manufacturers to allow the transfer of 
even the simplest reference value, e.g. 
the engine’s revolution speed, over a 
bus and by devices not made by the 
engine’s manufacturer. Nevertheless, 
this situation has also created new ac-
tors in the field, such as the Swedish 
Nira Ab that produces engine control 
systems that can be relatively freely pro-
grammed to receive the desired signals. 

Saving energy through digital 
hydraulics

The energy consumption of auxiliary 
devices in electronic and hybrid uses 
must be as low as possible. Digital hy-
draulics can contribute to reducing en-
ergy use. We studied a digital-hydraulic 
system with four quadrant control, 
implemented with 2- and 3-bit valve 
systems for controlling a watercraft’s 
water jets. Four quadrant coupling ena-
bles smooth use of an energy-saving 
differential coupling in combination 

with other driving modes. By coupling 
an on/off valve between the chamber 
lines, it is possible to utilise the load-
bearing forces directed at the steering 
and minimise hydraulic power input 
into the system. The four quadrant con-
trol proposed based on the test results 
meets the performance requirements 
set for steering hydraulics.

We were able to use an afford-
able CAN driver in the four quadrant 
control implemented with 2- and 3-bit 
valves, because the number of open-
ing combinations and, therefore, the 
required computing power remained 
low. Analytic solutions to steady-state 
equations require rather high numeric 
accuracy ( > 32 bit) from the micro-
controller that only deals with integers, 
if rounding parameters is to be avoided. 
The service life of on/off valves can be 
estimated from the number of times 
they have been toggled on/off. The 
service life estimated from the cycles of 
a 3-bit valve system easily surpasses the 
requirements set forth in the standard 
regulating the steering hydraulics of 
small vessels.

Figure 2. Dimensioning the torque on bollard pull and open water curves.
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Utilising the results

The project’s results have been utilised 
in participating companies’ products, 
like the control of water jets, and the 
implementation of electrical hybrids. 
We believe that in the future, digital 
hydraulics can be utilised in cost-crit-
ical applications, where performance 
requirements are not especially strin-
gent and can be met with a small valve 
system. Useful data has been gathered 
on control systems and buses. We in-
tend to continue research and product 
development on autonomic boats in 
other projects.

Contact information

Helsinki Metropolia University of Applied 
Sciences Oy 
Jari Savolainen 
jari.savolainen@metropolia.fi

Tampere University of Technology  
Rauma Unit 
Esa Mäkinen 
esa.makinen@tut.fi

Corporate partners

Electric Ocean Oy 
Alamarin-Jet Oy 
WB-Sails Oy 
TK Engineering

Figure 3. Diagram of a digital-hydraulic system.
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Boat-ENE – New Energy Systems for Boats

This project studied and in part also tested boating solutions and products, 

mostly electrical, for saving energy and the environment. The most impor-

tant research subject was the possibilities of using renewable energy sourc-

es and the products relating to them in boats. We performed comparative 

measurements on lead and lithium batteries. In addition, we determined 

what business opportunities the new energy systems for boats provide for 

boat builders and other companies in the boat industry.

Subject matter and application

There were two parallel sections to the 
project. VTT mostly implemented the 
section relating to technical possibilities 
and prospects, and Vaasa University of 
Applied Sciences was responsible for 
the section relating to potential for new 
business.

The need for various green and 
energy-saving solutions is manifest 
in the boat industry. The number 
of electronic devices on boats, and 
therefore their energy consumption, is 
constantly growing. Stoves, coffee ma-
chines, refrigerators, microwave ovens, 
audiovisual devices and computers are 
all commonplace on boats. Further-
more, the use of ventilation and heat-
ing equipment has increased, as have 
requirements relating to them. The 
increasing amount of energy required 
by consumer electronics also means 
higher-powered and heavier batteries 
and DC systems on boats. Using new, 
energy-efficient batteries and recharg-
ing batteries with renewable sources 
of energy open up possibilities for the 
ecologically efficient satisfaction of 
boat users’ need for energy.

The most important research 
subject was the possibilities of using 
renewable energy sources and the 
products relating to them in boats. We 

performed comparative measurements 
on lead and lithium batteries. In addi-
tion, we investigated recharging batter-
ies with a freely-revolving electric pro-
pulsion motor in a ship laboratory. The 
focus group mostly consists of largish, 
7-metre plus leisure and work boats.

In addition to conducting a litera-
ture review, we used a test boat in the 
project. This was a 12-metre sailing boat 
with a lithium battery and electric pro-
pulsion system installed, as well as a sys-
tem for collecting measurement data. 
We additionally investigated the use of 
solar panels in recharging batteries.

In the project, we brainstormed for 
energy-efficient solutions with compa-
nies participating in the project and 
with outside companies. Furthermore, 
we conducted a customer survey for 
104 people at the Boat Exhibition, 135 
boaters completed a questionnaire and 
18 boat industry actors in the region of 
Ostrobothnia were interviewed in semi-
structured themed interviews.

Main conclusions

The need for various green and energy-
saving solutions in the boat industry 
became clearly manifest. The use of 
electric motors instead of combustion 
engines, or the use of hybrid systems 
in larger boats, was seen as an environ-

mentally friendly solution for the future, 
especially if the electricity is produced 
with renewable energy sources. Biofu-
els are also making headway into boat-
ing. New battery systems are essential 
in the implementation of new energy 
systems.

Possibilities for the use of renewable 
sources of energy

The survey studied different possibili-
ties for using solar power, wind power 
and wave power. 

The most significant goal in the 
development of solar panel technol-
ogy has been to increase efficiency. 
The efficiency of the latest flexible pan-
els (e.g. NLV thin-film pyrite composites) 
is already in the region of 38%, with a 
maximum of 50%. The Quant concept 
electric car is coated with an NLV thin-
film panel. Similar solutions could be 
considered for coating boats as well.

Wind power can be utilised for 
recharging batteries on boats by us-
ing a small, separate wind turbine. An 
efficient system that utilises renewable 
sources of energy can be created by 
combining wind power and solar pow-
er systems. The system can produce 
direct-current voltage, or alternating 
voltage through an inverter, for use by 
the boat’s electronic devices. Utilising 
wave energy is currently a more distant 
prospect.

Battery systems

The long service life and energy effi-
ciency of lithium batteries provide an 
opportunity to also use them outside 
actual boating time. The compatibility 
of devices in the electronic systems on 
boats, in the form of data transfer buses, 
enables the development of automa-
tion and information systems serving 
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customer needs. The boat industry has 
great potential for developing new, au-
tomatic, guiding and informative prod-
ucts while improving the more versatile 
year-round usability of boats and the 
equipment on board. 

The future needs and opportuni-
ties of boat batteries are:
 • Batteries (mainly lithium-iron-phos-

phate batteries), their balancing cir-
cuits and U/I/T protection manage-
ment systems should be combined 
into customer-friendly packages 
with pre-installed sockets for 12 or 
24 V voltages and a databus port for 
displaying information on the user’s 
screen/control device.

 • It should be made possible to cou-
ple battery packages in series and in 
parallel to build the entire system.

 • The battery compartments of boats 
should be standardised and the easy 
removal of batteries from boats en-
sured.

 • In winter, the large, cyclical charge-
discharge reserve of lithium bat-
teries should be utilised as reserve 
power in buildings, recharging re-
serve for electric cars or as an elec-
tricity trading instrument.

 • The land-electricity plugs of bat-
teries should be made to function 
both ways, so that batteries could be 
both charged and discharged while 
at pier (e.g. electricity supply for the 
summer house/recharging batter-
ies with electricity produced from 
renewable energy sources).

The efficiency of battery systems’ 
charge-discharge cycle

We tested batteries with a rated volt-
age of 12 V and a rated capacity of 
320–336 Ah. The AGM battery system 
was formed from two 160 Ah batteries 

Figure 1. Part of the wind power captured while sailing can be used to recharge batteries.
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coupled in parallel. The lithium batteries 
were lithium-iron-phosphate batteries, 
which were equipped with protective, 
balancing and bus interface devices. 
The batteries were discharged at sev-
eral current levels within a temperature 
range of 22–28°C. The efficiency of lith-
ium batteries varied between 92–99% 
and that of lead-acid batteries between 
84–87%, according to discharging cur-
rent. The charge–discharge efficiency 
of both types of battery decreased as 
the discharging current increased. The 
AGM battery was approximately 9% less 
efficient than the lithium battery.

More results are presented in the 
report Alanen, R: Veneiden uudet en-
ergiajärjestelmät, VTT 2010 (in Finnish).

$Business potential
Products and services that save energy 
and use renewable energy sources are 
clearly gaining more purchase among 
boaters. This opens up opportunities 
for new actors. Traditional actors like 
boat builders should also acknowledge 
these new needs, so that the best possi-
ble solution could be offered to the end 
customer immediately when purchas-
ing a boat, and customers would be 
made aware of all the new possibilities.

The new energy systems of boats 
are raising questions among boaters 
and boat industry actors. In their verbal 
comments, boaters expressed doubts 
as to whether the power or operating 
range of electric motor solutions would 
be adequate to their boating needs. The 
boat industry, on the other hand, was 
doubtful of the reliability of new solu-
tions and the level of demand for them.

As a whole, the operation of the 
boat industry presented quite a cus-
tomer-oriented picture in the survey: 
there was not much difference be-

tween the views of boaters and the 
boat industry. However, there was a 
clear-cut difference between motor 
boats and sailing boats, both among 
boaters and boat builders. Sailors and 
sailboat manufacturers had by far the 
most positive attitude to electric and 
hybrid motor solutions on boats and 
to the use of solar panels, for example. 

Finnish boaters regard small elec-
tric engines on boats under four metres 
in length as a good alternative, but the 
potential for new business provided by 
these is rather small, since their manu-
facture in Asia and their domestic dis-
tribution network are already competi-
tive. Various hybrid solutions can be 
predicted to capture markets already in 
the next few years, especially on larger 
boats. Many motorboat manufacturers 
adopted a wait-and-see position, but 
preparations and surveys on various 
electric or hybrid solutions should be 
made in companies. We may quickly 
be faced with a situation whereby the 
larger motorboat manufacturers have 
to be able to offer a hybrid engine al-
ternative to remain competitive on the 
international market.

Based on this study, it can be con-
cluded that the targeted marketing of 
solar panels to various groups of boat-
ers could be increased. None of the sail-
ors or boaters under the age of 30 who 
expressed the greatest interest and will-
ingness to buy had a solar panel on their 
boat at the time. Consumers regarded 
a factory- or importer-installed solar 
panel as a sensible optional accessory 
for sailing boats and larger motorboats 
in particular. This sort of cooperation 
between solar panel sellers and boat 
manufacturers/retailers could grow 
into a significant distribution channel 

in the future, because it would free the 
consumer from having to tackle the in-
stallation of the solar panel.

More business opportunities 
are presented in the report Koskinen, 
Hyyppä, Enkvist: Veneiden uusien ener-
giajärjestelmien liiketoimintamahdol-
lisuudet. Vaasa University of Applied 
Sciences, 2010 (in Finnish).

Utilising the results

Products and services that save energy 
and use renewable energy sources are 
clearly gaining more purchase among 
boaters. This opens up opportunities 
for new actors. Traditional actors like 
boat builders should also acknowledge 
these new needs, so that the best possi-
ble solution could be offered to the end 
customer immediately when purchas-
ing a boat, and customers would be 
made aware of all the new possibilities. 
The results of the project provide guide-
lines to boat industry actors for invest-
ing in the energy systems of boats and 
their accessories.

Contact information
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Vaasa University of Applied Sciences 
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BoatMGT – A Micro Gas Turbine Generator Fuelled by 
Liquid Biofuels for Boating

Lightness, easy sound insulation and the possibility to use various fuels make 

the gas turbine based aggregate an attractive option for boating applica-

tions. This project first studied a pulse burner gas turbine, but because of is-

sues that became apparent in the design, a gas generator–power turbine so-

lution was opted for as the prototype unit. At the end of the project, a func-

tional prototype was presented to the management group and other inter-

ested parties. A separate market survey project has been launched to com-

mercialise the micro gas turbine. Alongside use on boats, the fire and rescue 

services, railway maintenance operations and the army are possible users.

Subject matter and application

It is possible to build an aggregate at 
least five times lighter than an equiva-
lent combustion engine aggregate on 
the gas turbine principle. Because gas 
turbines only produce high-frequency 
sounds, their sound insulation is much 
easier than suppressing the noise of 
a combustion engine. It lacks the low 
frequencies and the vibrations created 
from deficiencies in compensation 
that combustion engines can easily 
transmit to the boat’s hull, making the 
sounds difficult to dampen. Various liq-
uid (such as bio-oils and alcohol) and 

gaseous (such as biogas) fuels can be 
used in a gas turbine with very little 
modification. The downside is lower 
efficiency compared to a combustion 
engine, if a recuperator is not used. A 
recuperator is a heat exchanger, which 
in this case preheats the air entering 
the combustion chamber with exhaust 
gases. This significantly reduces the 
amount of fuel required to achieve an 
equivalent final temperature. The use 
of a recuperator adds weight, however. 
That is why subjects where lightness 
and ease of transport provide especial 
benefits were chosen as the main ap-
plication targets.
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Figure 1. Pressure pulses (time axis in milliseconds) and a sketch of a multi-combustion-chamber pulse burner gas turbine.

Micro-size (less than 10 kW) gas tur-
bines suffer from a decreasing of com-
pressor efficiency caused by a low Reyn-
olds number. If the Reynolds number, 
representing relative viscosity of flow, is 
low, the flow will become “sluggish” and 
losses will increase. The Reynolds num-
ber is directly comparable to the device’s 
(such as a compressor’s) proportions, i.e. 
the larger the device, the more efficient 
it will be.

To circumvent this problem, we 
initially conducted theoretical and em-
pirical investigations on an alternative, 
where the compressor was replaced 
with a combustion chamber operat-
ing in a pulse-like fashion. In such a 
combustion chamber, the combustion 
event will generate pressure pulses (6–7 
bar), which then generate the neces-
sary pressure in the flow entering the 
turbine. 

However, test and calculation re-
sults indicated that it was not possible 
to build a micro gas turbine, which 
would match project goals, using the 
pulse combustion principle: efficiency 
was too low, and weight per horse-
power too large. The results were 
documented in the article “Feasibility 
of pulse combustion in micro gas tur-
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bines”, to be published in the Journal 
of Thermal Science. 

In the summer of 2010, the project 
was realigned. We chose to use an ex-
isting gas generator as the prototype’s 
structural solution, for which we de-
signed and built a power turbine and a 
permanent magnet generator. We paid 
special attention to cooling solutions, 
whose patent application is currently 
in the novelty examination stage.

Main conclusions

Micro gas turbine based on a gas 
generator

As a result of the realignment of the 
project, we decided to build a 6 kW 
micro gas turbine that used an existing 
micro jet engine as the gas generator. 
We decided to build the power turbine 
and generator ourselves (by removing 
the jet nozzle from the jet engine and 
replacing it with the power turbine).

The finished prototype’s weight 
per horsepower was approximately 
4.8 kg/kW without a recuperator. A 
recuperator would more than double 
the turbine’s efficiency, but it would 
increase weight considerably. A low re-
cuperation level recuperator could be 
a compromise; this will be studied in a 
possible follow-up project. 

The commercial goal was a small 
and light but high-powered aggregate, 
which could easily be carried to its op-
erating environment. The estimated 

characteristics of the commercial mod-
el are: weight approx. 18 kg (prototype 
20kg), size about L 60 cm x B 25 cm x 
H 30 cm (prototype 68 x 36 x 31 cm). 
Electrical power 6.2 kW of three-phase 
current.

The weight per horsepower of the 
commercial gas turbine aggregate is 
around 21% and its dimensions around 
13% of those of a combustion engine 
aggregate. The gas turbine aggregate 
is started electronically and its weight 
per horsepower includes a battery (the 
combustion engine aggregate is start-
ed manually). Its fuel consumption is 
approximately 9.9 litres/hr of fuel oil [10 
€/hr]. Other suitable fuels include alco-
hol, bio-oil and kerosene. In compari-
son, an equivalent combustion engine 
aggregate weighs about 140 kg (and 
consumes approx. 3 litres/hr of gasoline 
[5.1 €/hr].

Figure 2. A cross-cut computer model of the micro gas turbine aggregate prototype based on a gas generator, and the finished 
device. Rated electrical power 6.2 kW and weight approximately 30 kg.

Micro gas turbine based on pulse 
combustion

We investigated a case where the elec-
trical power would be in the region 
of 2 kW both theoretically (dynamic 
simulation model) and empirically (test 
combustion chamber). The results are 
reported in detail in the above-men-
tioned article.
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Possible applications: 1) A 
high-powered aggregate for the needs 
of the army or police for use in environ-
ments inaccessible by vehicle. The ag-
gregate can easily be carried or flown 
by helicopter to the destination. 2) An 
aggregate sufficient for the needs of 
a small village for use in hard-to-reach 
disaster areas (it can easily be carried 
to the destination, even over rough 
terrain), for example, for relief efforts 
of the Finnish Red Cross. 3) A light, but 
high-powered aggregate carried in 
a fire engine to supply power for cut-
ting wrecks open in traffic accidents. 
4) Sailing boats with electric propellers 
with relatively short operating times. 5) 
Auxiliary power units for motorboats 
with high-powered electronic systems, 
for use in situations where use of the 
main engine is not desirable. 6) Certain 
railway maintenance work (e.g. British 
railway companies).

Figure 3. The micro gas turbine aggregate during a test drive in November 2011.

Utilising the results

The prototype constructed during the 
project proves the functionality of the 
ideas studied in the project. The cur-
rent objective is to find a company that 
would be interested in commercialising 
a micro gas turbine aggregate based on 
the prototype. A market survey project 
has been launched for this purpose, 
with new funding. In addition to deter-
mining possible applications and their 
volumes, the project looks for compa-
nies that would be interested in pro-
ducing the aggregate. The survey will 
be completed in the autumn of 2012, 
at which time commercialisation can 
hopefully begin in cooperation with a 
suitable company or companies.

Additional information

Lappeenranta University of Technology,  
LUT Energy 
Jaakko Larjola 
jaakko.larjola@lut.fi

Corporate partners

T-Turbine Oy 
Nauticat Yachts Oy 
AXCO-Motors Oy 
Pauniahon Veistämö Oy

mailto:jaakko.larjola@lut.fi
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Corporate projects 
launched in 2011

Developing the production of welded 
polyethene boats, Tibeko Marine Oy

New systems for the LC TU boat, 
Marine Alutech Oy Ab 

Special accessories for the Wallas 
heater product family,  
Wallas-Marin Oy 

Accessories and features will be de-
veloped for the heater product fam-
ily, which increase the desirability and 
competitiveness of the core products, 
and thereby increase sales. The heater 
product family is made up of boat heat-
ers and stove heaters. The applications 
developed in the project will also be 
designed to be suitable for the camper 
van market.

Electricity-powered personal 
watercraft, Tritolyte Oy and  
Castello Yachts Oy 

A prototype will be developed for a 
new type of watercraft, running on 
electric propulsion. The possibilities of 
electric motor and battery technology 
will be utilised, while taking the limi-
tations of the available battery tech-
nology’s energy density (weight and 

running time of battery) and practical 
recharging opportunities into account. 
Tritolyte Oy is responsible for develop-
ing the electric propulsion system, 
and Castello Yachts Oy is responsible 
for the hull.

Mobimar 18 Wind, Mobimar Oy 

A new type of maintenance craft for 
wind farms.

Preliminary survey of the new 
development version of the APB 
model range, Oy Marino Ab 

Extensions of electric propulsion, 
Oceanvolt Oy 

Concepting our product collection and 
market survey, Fantan Catamaran Oy

3K: kevyt, kiiltävä & kitsas (Light, 
Glossy & Frugal), In Time Yachts Oy 

The 3K project will develop light and 
glossy solutions for boat furniture and 
deck fittings. Efficient and environmen-
tally friendly production methods will 
also be developed in the project, and 
materials that take environmental view-
points into account will be looked for. It 
will save nature and spare our efforts.

A customer-oriented method for 
designing boat model ranges,  
Bella-Veneet Oy 

The Bella boat family of the future.

Corporate projects

Corporate projects 
launched in 2010

Developing Grandezza business,  
Oy Finn-Marin Ltd.

A hybrid-operated, environmentally 
friendly work boat, Oy Weldmec Ab

The objective is to develop and pro-
ductise a hybrid (diesel/electricity) work 
boat concept, that is also ergonomic 
and environmentally friendly.

Further developing the production 
of Eurofinn Marine Oy Ltd:n and 
modularisation of the EF34’s interior, 
Eurofinn Marine Oy Ltd.

Easy Arm, C-Adventure Oy

The Easy Arm is an electromechanical 
auxiliary device that facilitates the reel-
ing of boat winches, sailing boats in 
particular. The electric latch contains a 
detachable, rechargeable battery sec-
tion, an electric engine, angle trans-
mission for reducing the number of 
revolutions and a detachable, grooved 
turning bit fitted for the standardised 
naves of winches. Benefits of the Easy 
Arm include the fact that only a single 
device will be necessary on the boat, 
since it will be used in turn on each 
winch to be reeled. Safety on the boat 
is increased and hoisting sails is made 
easier and faster.
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A business, management and 
marketing survey to form the basis for 
a development project. Top-Boat Oy

Marino goes global II, Oy Marino Ab

The suitability of Marino’s new APB (All 
Purpose Boat) model for the European 
market. 

Sailmate, Nautics Oy

An online service for route planning, a 
mobile application for collecting data 
and assisting with navigation and a 
booking system for berths will be de-
veloped.

Optimising performance and  
cost structure in small devices,  
Alamarin-Jet Oy

The new 36A3 casting method for 
light Duplex castings for waterjets, 
Rolls-Royce Oy Ab

The objective is to discover an eco-
nomical method for manufacturing the 
light Duplex castings used in Kamewa 
waterjets. An entirely new waterjet 
model, the 36A3, will be developed. 
The model will be used in extremely 
fast, high-powered boats, so power, 
durability and lightness are required. 
The new waterjet will be designed from 
the ground-up to be the most powerful 
device of its type on the market.

Propelling the new Flipper model 
range into the front rank of 
international premium boats,  
Bella-Veneet Oy

For new waters – creating 
service innovation and business 
development models for the boat 
industry, Tampere Adult Education 
Centre

New methods and operating models 
for boat industry companies to develop 
innovative services with. The core objec-
tive is to create a model for moving from 

traditional sales of boats and equipment 
to providing more extensive services 
and experiences for customers. The en-
tire Finnish boat industry can utilise the 
results.

Adjustable pedestal for boat seats,  
Oy Ergo-Istuimet Ab

Developing an adjustable pedestal for 
boat seats. A family of pedestals to join 
the company’s current boat seat prod-
uct family. This ready-to-install product 
will rationalise purchasing and produc-
tion activities in the industry.

Charting the need for boat 
maintenance and winter storage 
services, Marine Center Finland Oy, 
Pencentra Oy

A digital service concept will be deliv-
ered, with the customer as the focal 
point. Conceptualising business op-
erations is a part of network building. 
The business model that will be devel-
oped will be multiplied for use by the 
distribution network, with the purpose 
of creating more customer satisfaction. 

Online boating service, Suomen 
Vierassatamat Oy

VESPA – The online boating service.

Smart boat, EG Furnace Oy

A development project currently under 
wraps in the design stage.

Corporate projects 
launched in 2009

From a subcontracting shop to 
an international manufacturer of 
workboats through technology,  
Oy Weldmec Ab

A work boat concept that applies hy-
brid technology. The objective is to de-
velop an overall work boat solution that 
is user- and environment-friendly.

The Bella 9000 hybrid motorboat, 
Bella-Veneet Oy

A hybrid motorboat will be developed.

An easy-to-use canopy, VA-Varuste Oy

A new, easy-to-install boat canopy and 
the necessary mechanics. The idea is to 
develop a concept that is applicable to 
many boat models with minor changes.

A method for reducing the interior 
noise in motorboats with cabins, 
Veneveistämö Syrjäsuo Oy

A product and method for reducing 
the interior noise in motorboats with 
cabins.

Developing Kewatec’s operations,  
Oy Kewatec AluBoat Ab

A development project.

Environmentally friendly boat 
components, Profiber Oy

A method for manufacturing techni-
cally competitive and uniform-quality 
components reinforced with natural 
fibres for the boat industry, e.g. seat 
frames, hatches and sound-insulating 
furnishing elements. Furthermore, a 
product range will be created that is 
easily recyclable and applicable to the 
models of several boat makers due to 
its modular nature.

Door and deck hatch, Ab Sarins Båtar Oy

Product development of side doors and 
deck hatches for year-round use in boats.

Stormwind Simulator, Stormwind Ab Oy

A software platform for interactive sim-
ulation of marine traffic, modelling both 
traffic and conditions at sea. The result 
will be presented to the user as a three-
dimensional virtual reality, a simulator 
where the user is the primary decision-
maker. The software can be used both 
for recreation and training.
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Syndicate Superyachts Turku 
preliminary survey, In Time Yachts Oy

A preliminary survey of the prerequisites 
for manufacturing superyachts in the 
Turku shipbuilding cluster and the boat 
industry of South-Western Finland.

Developing an electric boat,  
Port Arthur Oy

The existing Simppu boat is the proj-
ect’s starting point. Ecological sustain-
ability and the principles of sustainable 
development in particular will be taken 
into account in development. Variable 
versions of the boat will be designed for 
several purposes. The possibilities pro-
vided by closed moulds for improving 
quality and productivity will be utilised 
in the development of the manufactur-
ing methods of the boat’s reinforced 
plastic components. The benefits 
provided by the new manufacturing 
technology, such as improvements in 
the working environment, will also be 
utilised.

A new electric propulsion device, 
Electric Ocean Oy

Electric propulsion systems for sailing 
boats and light motorboats.

Developing low-emission 
manufacturing concepts for  
products of the boat industry,  
Akaan Muovityö Oy

Low-emission, cost-effective manufac-
turing techniques will be developed for 
select products of the boat industry.

Smart sail, WB-Sails Ltd Oy

Sensors built into the smart sail will 
measure stresses and operating hours, 
recording the history of use into the 
sail’s own memory. Flow transducers 
and LED lights controlled by them will 
replace the traditional tell-tale signs 

as aids to sailors. The sail will autono-
mously generate the energy it requires 
by flexible solar panels and various en-
ergy catchers.

Corporate projects 
launched in 2008

All Purpose Boat, Oy Marino Ab

Developing a new boat type and a pro-
duction system concept for it. Modular 
construction of a special cabin.

Arctic airboat, Arctic Airboats Ab

A market survey that covers the Nordic 
Countries, Canada and Russia. The sur-
vey will chart demand for a novel, fast 
hydrocopter (frost heave vessel) intend-
ed for rescue operations, patrolling and 
passenger transport on water in the 
winter. 

Field testing of critical laminates  
for professional boat builders,  
Oy Nautor Ab

Developing and implementing online 
testing methods for composite pro-
duction. 

Designing a concept cockpit for a 
motorboat and building a prototype, 
Bella-Veneet Oy

A concept cockpit for a motorboat, 
taking the driver’s driving ergonomics 
into account and providing fixed spac-
es for a chart plotter, compass and all 
indicators, electric switches and power 
adjustment.

Replacing tropical woods with 
domestic, heat-treated wood in boat 
deck structures, Scandinavian Teak 
Deck Ab

The objective is to replace teak with 
heat-treated wood as the raw mate-
rial for boat decks. The weakness of 
heat-treated wood in outside appli-

cations is the greying caused by en-
vironmental conditions and UV light. 
The project will develop a function-
al coating method for heat-treated 
wood (birch), which will prevent co-
lour changes caused by outside con-
ditions.

Thermo-electric multi-purpose stove, 
Wallas-Marin Oy

The Combi Cooker project will design 
a new multi-purpose stove that can, 
with minor differentiation, be utilised 
in both the boat and camper van mar-
kets. The stove will be diesel-operated 
and it will contain a minimum of three 
hobs. The project aims to significantly 
improve the product’s cost-effective-
ness and develop extra features, which 
are entirely new and unknown in the 
industry. 

VA boat cushioning, VA-Varuste Oy

Investigating the combination of up-
holstery technology and 3D planning 
in the design, planning and production 
of a boat industry product. A complete-
ly new product for the company’s own 
product selection is being planned. The 
product will be integrally connected to 
boat furnishings.

Creating a production system that 
enables the production of Alufibre 
boats in volume, TerhiTec Oy/Silver 
Boats

Structural and production-technical 
solutions that will speed up produc-
tion and increase production volumes 
will be developed in the project. The 
objective is for the solutions to enable 
the utilisation of robotic and automa-
tion technology in the production 
process.



68



69

Programme Management

Markku Hentinen, VTT Expert Services Oy 
Programme Coordinator  
+358(0)40 552 6212 
markku.hentinen@vtt.fi

Matti Evola, Tekes 
Programme Manager 
+358(0)50 557 7835 
matti.evola@tekes.fi 

The programme team of  Tekes – 
the Finnish Funding Agency for 
Technology and Innovation

Lauri Ala-Opas  
Director

Raimo Pulkkinen  
International Contacts

Matti Evola  
Southern Finland

Vesa Kojola  
Pohjanmaa 

Harri Kivelä  
Eastern Finland

Esa Lindqvist  
Western Finland

Communications 

Tiina Lifländer, Tekes 
+358(0)50 557 7945 
tiina.liflander@tekes.fi

Sirpa Posti, VTT  
+358(0)40 735 4393 
sirpa.posti@vtt.fi 

Programme Management Team

Jouko Huju, Chairman  
Finnish Marine Industries Federation 
Finnboat

Raimo Sonninen  
Bella-Veneet Oy  

Kim Örthén   
Marine Center Finland Oy

Pauli Immonen  
Mobimar Oy 

Kaj Gustafsson  
Nauticat Yachts Oy 

Mikael Still 
Oy Ahola Transport Ab 

Juhani Haapaniemi  
TerhiTec Oy/Silver Boats

Markku Hentinen 
VTT Expert Services Oy

Lauri Ala-Opas 
Tekes

Matti Evola 
Tekes

Contact information

MI
66

mailto:markku.hentinen@vtt.fi
mailto:matti.evola@tekes.fi
mailto:tiina.liflander@tekes.fi
mailto:sirpa.posti@vtt.fi


70

Tekes’ Programme Reports in English

6/2012 Navigating New Routes to a Better Boat Industry – Executive Summary of the 
Research Programme 2007–2011 in Finland. Markku Hentinen, Sirpa Posti and  
Kari Wilén (ed.) Final Report. 69 p.

2/2012 Software, mobile solutions and games industry – Evaluation of Tekes software 
related programmes. Tuomas Raivio, Johan Lunabba, Erkka Ryynänen, Juhani 
Timonen, Markku Antikainen and Santeri Lanér. Evaluation Report. 83 p.

6/2011 Co-operation to Create Converging and Future Networks – Evaluation of Five 
Telecommunications Programmes. Annu Kotiranta, Olli Oosi, Mia Toivanen, 
Jaakko Valkonen and Mikko Wennberg. Evaluation Report. 69 p.

4/2011 GIGA – Converging Networks programme 2005–2010. Final Report. 217 p.

1/2011 FinNano Technology Programme. Final Report.

6/2010 From Spearheads to Hunting – Evaluation of Nano Programmes in Finland. Tuomas 
Raivio, Piia Pessala, Jatta Aho, Tiina Pursula, Alina Pathan, Jukka Teräs and Kaarle 
Hämeri. Evaluation Report. 67 p.

3/2010 MASI Programme 2005–2009. Niina Holviala (ed.). Final Report. 137 p.

4/2009 ClimBus – Business Opportunities in the Mitigation of Climate Change 2004–2008. 
Final Report. 564 p.

6/2008 Finnish participation in the EU 6th Framework Programme – Evaluation of 
Participation and Networks. Soile Kuitunen, Katri Haila, Ilpo Kauppinen,  
Mikko Syrjänen, Juha Vanhanen, Paavo-Petri Ahonen, Ilkka Tuomi,  
Pekka Kettunen & Teemu Paavola. Evaluation Report. 91 p.

2/2008 Impact Evaluation of the Wood Material Science and Engineering Research 
Programme. Evaluation Report. Kimmo Halme, Sami Kanninen, Kimmo Viljamaa,  
Erik Arnold, Tomas Åström and Tommy Jansson. 79 p.

11/2007 DENSY – Distributed Energy Systems 2003–2007. Final Report. 155 p.

2/2007 FENIX – Interactive Computing 2003–2007. Final Report. 136 p.

1/2007 FUSION Technology Programme Report 2003–2006. Final Report. 184 p.  
Seppo Karttunen and Karin Rantamäki (eds).

17/2006 PINTA – Clean Surfaces 2002–2006. Final and Evaluation Report. 228 p.

13/2006 Finnish National Evaluation of EUREKA and COST. Evaluation Report. 95 p. Sami 
Kanninen, Pirjo Kutinlahti, Terttu Luukkonen, Juha Oksanen and Tarmo Lemola.

11/2006 Competitiveness through Integration in Process Industry Communities. Evaluation of 
Technology Programme “Process Integration 2000–2004”. Evaluation Report. 17 p.

8/2006 AVALI – Business Opportunities from Space Technology 2002–2005. Final Report. 79 p.

6/2006 New Knowledge and Competence for Technology and Innovation Policies – ProACT 
Research Programme 2001–2005. Final Report. 137 p. Edited by Pekka Pesonen.

3/2006 ELMO – Miniaturising Electronics 2002–2005. Final Report. 238 p.

Subscriptions: www.tekes.fi/english/publications

http://www.tekes.fi/english/publications


Further information

Matti Evola

Tekes

matti.evola@tekes.fi

Markku Hentinen

VTT Expert Services Oy

markku.hentinen@vtt.fi

www.tekes.fi/vene

Navigating New Routes 
to a Better Boat Industry

Markku Hentinen, Sirpa Posti and Kari Wilén (ed.)

Executive Summary of the Research 
Programme 2007–2011 in Finland

N
avig

atin
g

 N
ew

 R
ou

tes to a B
etter B

oat In
d

u
stry

6
|2

0
12

Tekes  |  Fin
al R

ep
ort

Te
ke

s 
P

ro
g

ra
m

m
e

 R
e

p
o

rt
  6

/2
0

12
Fi

n
al

 R
ep

o
rt

August 2012

ISSN 1797-7347

ISBN 978-952-457-551-5

Tekes – Finnish Funding Agency for 
Technology and Innovation

Kyllikinportti 2, P.O. Box 69
FI-00101 Helsinki, Finland
E-mail: kirjaamo@tekes.fi
www.tekes.fi 

mailto:matti.evola@tekes.fi
mailto:markku.hentinen@vtt.fi
http://www.tekes.fi/vene
mailto:kirjaamo@tekes.fi
http://www.tekes.fi

	6/2012 Navigating New Routes to a Better Boat Industry — Executive Summary of the ResearchProgramme 2007–2011 in Finland
	Foreword
	Contents
	Research projects
	Services and business operations
	Vision 2025 – Finnish Boat Service Business Operations
	Subject matter and application
	Main conclusions
	Utilising the results

	VETOMO – Study of the Finnish Boat Industry
	Subject matter and application
	Main conclusions
	Utilising the results

	Developing Environmental Performancein the Boat Industry
	Subject matter and application
	Main conclusions
	The carbon footprint and the Eco-indicator 99 method for assessing impacts
	Model calculations
	Environmental labels and environmental impact statements

	Utilising the results
	Additional information


	FixBoat – Analysing and Repairing Damage to Boats’ Composite Structures
	Subject matter and application
	Core research subjects
	Repair techniques
	Surveying damages

	Utilising the results


	Design and product development
	WAVE – Visioning Products and Services for the Boat Industry
	Subject matter and application
	Main conclusions
	Utilising the results

	Open Wave – Open Innovation for the Future Boat Industry
	Subject matter and application
	Main conclusions
	Utilising the results

	TULVA – The Boat Industry of the Future
	Subject matter and application
	Main conclusions
	Utilising the results

	Better Products In Time – An Effective Product Development Process for the Boat Industry
	Subject matter and application
	Main conclusions
	Utilising the results

	Silent Boats – Managing Powerboat Cabin Noise
	Subject matter and application
	Main conclusions
	Utilising the results

	Loads Directed at a Boat’s Transom
	Subject matter and application
	Main conclusions
	Utilising the results

	Proboat – Future Concepts and Materials in Boatbuilding Processes
	Subject matter and application
	Main conclusions
	Utilising the results


	Manufacturing and materials
	ALVENE – Automation of Aluminium Boat Welding
	Subject matter and application
	Main conclusions
	The suitability of aluminium boats for robotic welding
	Hot cracking of extruded profiles

	Utilising the results

	Moduva – Efficiency in the Production of Aluminium Boat Hulls through Modularity
	Subject matter and application
	Main conclusions
	Making the hull of an aluminium boat modular
	Advanced modular fixturing technology in the robotic welding of aluminium boats
	Distortions caused by welding and controlling them in aluminium boat structures
	Controlling deformations in aluminium boat hulls through design methods

	Utilising the results

	RP-Beam – Structural Design of Reinforced Plastic Stiffeners for Mass Production
	Subject matter and application
	Main conclusions
	Beam continuity at crossings
	The effect of the height ratio of beams in an entirely non-continuous juncture
	Hollows and holes in the beam

	Utilising the results

	Requirements and inspection methods for glued stiffener frameworks
	Subject matter and application
	Main conclusions
	Results of strength analyses and tests
	Inspection methods of glued joints

	Utilising the results

	VeKe – Vacuum Injection and RTM Manufacturing Methods in the Boat Industry – Developing Production Efficiency, Surfaces, Quality and Structures
	Subject matter and application
	Main conclusions
	Surface quality
	Light RTM tests
	Damage tolerance
	Techno-economic analysis

	Utilising the results

	WiND – Wireless Sensor Technology and NDT Methods in the Quality Control of Composite Plastics
	Subject matter and application
	Main conclusions
	Utilising the results

	Greenline 2012 – The Possibilities of Recyclable and Environmentally Friendly Materials in Boatbuilding
	Subject matter and application
	Main conclusions
	Utilising the results


	Devices and systems
	iBoats – Smart Boats
	Subject matter and application
	Main conclusions
	Subproject conclusions
	Electrification of the work boat
	Water jet joystick control
	Hydraulics

	Applying digital hydraulics
	Digital hydraulics in directing the jet streams of a waterjet
	Measuring conditions relating to sails


	Utilising the results
	Standards


	ePropulsion – Energy-Efficient Uses of Propulsion
	Subject matter and application
	Main conclusions
	Motor dimensioning
	Data buses
	Saving energy through digital hydraulics

	Utilising the results

	Boat-ENE – New Energy Systems for Boats
	Subject matter and application
	Main conclusions
	Possibilities for the use of renewable sources of energy
	Battery systems
	The efficiency of battery systems’ charge-discharge cycle

	Utilising the results

	BoatMGT – A Micro Gas Turbine Generator Fuelled by Liquid Biofuels for Boating
	Subject matter and application
	Main conclusions
	Micro gas turbine based on pulse combustion
	Micro gas turbine based on a gas generator

	Utilising the results



	Corporate projects
	Corporate projects launched in 2011
	Developing the production of welded polyethene boats, Tibeko Marine Oy
	New systems for the LC TU boat, Marine Alutech Oy Ab
	Special accessories for the Wallasheater product family, Wallas-Marin Oy
	Electricity-powered personal watercraft, Tritolyte Oy and Castello Yachts Oy
	Mobimar 18 Wind, Mobimar Oy
	Preliminary survey of the new development version of the APB model range, Oy Marino Ab
	Extensions of electric propulsion, Oceanvolt Oy
	Concepting our product collection and market survey, Fantan Catamaran Oy
	3K: kevyt, kiiltävä & kitsas (Light,Glossy & Frugal), In Time Yachts Oy
	A customer-oriented method for designing boat model ranges, Bella-Veneet Oy

	Corporate projects launched in 2010
	Developing Grandezza business, Oy Finn-Marin Ltd
	A hybrid-operated, environmentally friendly work boat, Oy Weldmec Ab
	Further developing the production of Eurofinn Marine Oy Ltd:n and modularisation of the EF34’s interior, Eurofinn Marine Oy Ltd
	Easy Arm, C-Adventure Oy
	A business, management and marketing survey to form the basis for a development project. Top-Boat Oy
	Marino goes global II, Oy Marino Ab
	Sailmate, Nautics Oy
	Optimising performance and cost structure in small devices, Alamarin-Jet Oy
	The new 36A3 casting method for light Duplex castings for waterjets, Rolls-Royce Oy Ab
	Propelling the new Flipper model range into the front rank of international premium boats, Bella-Veneet Oy
	For new waters – creating service innovation and business development models for the boat industry, Tampere Adult Education Centre
	Adjustable pedestal for boat seats, Oy Ergo-Istuimet Ab
	Charting the need for boat maintenance and winter storage services, Marine Center Finland Oy, Pencentra Oy
	Online boating service, Suomen Vierassatamat Oy
	Smart boat, EG Furnace Oy

	Corporate projects launched in 2009
	From a subcontracting shop to an international manufacturer of workboats through technology, Oy Weldmec Ab
	The Bella 9000 hybrid motorboat, Bella-Veneet Oy
	An easy-to-use canopy, VA-Varuste Oy
	A method for reducing the interior noise in motorboats with cabins, Veneveistämö Syrjäsuo Oy
	Developing Kewatec’s operations, Oy Kewatec AluBoat Ab
	Environmentally friendly boat components, Profiber Oy
	Door and deck hatch, Ab Sarins Båtar Oy
	Stormwind Simulator, Stormwind Ab Oy
	Syndicate Superyachts Turku preliminary survey, In Time Yachts Oy
	Developing an electric boat, Port Arthur Oy
	A new electric propulsion device, Electric Ocean Oy
	Developing low-emission manufacturing concepts for products of the boat industry, Akaan Muovityö Oy
	Smart sail, WB-Sails Ltd Oy

	Corporate projects launched in 2008
	All Purpose Boat, Oy Marino Ab
	Arctic airboat, Arctic Airboats Ab
	Field testing of critical laminates for professional boat builders, Oy Nautor Ab
	Designing a concept cockpit for a motorboat and building a prototype, Bella-Veneet Oy
	Replacing tropical woods with domestic, heat-treated wood in boatdeck structures, Scandinavian Teak Deck Ab
	Thermo-electric multi-purpose stove, Wallas-Marin Oy
	VA boat cushioning, VA-Varuste Oy
	Creating a production system that enables the production of Alufibre boats in volume, TerhiTec Oy/Silver Boats


	Contact information
	Tekes’ Programme Reports in English



