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Preface 
Sustainable Manufacturing and Engineering (SMaE) is a project that aims to increase 
small and medium sized manufacturing companies’ (SME) capabilities to strategically 
manage product development. The project work has in particular provided a platform 
for test and evaluation of modern processes, tools and methods. A base for the project 
has been the demonstration of modern technology, such as 3D scanning, 3D printing 
and other 3D environments, and from those demonstrations inspire new ways of 
thinking and doing, such as reverse engineering, supply chain management and 
product innovation.  

The project consisted of partners from Finland, Norway and Sweden and the work has 
followed a cross-border knowledge sharing principle. Several product development 
challenges that SMEs in the region have in common were guiding the collaborative 
work. Experience sharing between SMEs and academic partners has been done in 
several cases, a number of workshops and in seminars.  

This report gives a short introduction to the project as well as detailed descriptions of 
the results and conclusions from the project. Additional information regarding the 
project can be found at the project’s website: www.innoarctic.com.  
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Introduction 
SMaE - Sustainable Manufacturing and Engineering (SMaE) project is a two-year 
project (2012.07 – 2014.06) co-funded by the European Union via the Interreg IV A 
Nord programme. Other financiers are (in Sweden) Länsstyrelsen Norrbotten, Luleå 
University of Technology, (in Finland) Lapin Liito, Centria Research and 
Development, (in Norway) Troms and Nordland Fylkeskommune, Narvik University 
College as well as contributing and participating Small and Mediums Sized 
Enterprises (SME’s) in all countries. 

Project Organisation 
Academic project partners in the project are: Luleå University of Technology (LTU, 
lead partner), Sweden, Narvik University College (NUC), Narvik, Norway and 
Centria Research and Development, Kokkola and Ylivieska, Finland. 

Three expertise areas (A-C) see Figure 1, also areas of responsibility, have provided 
the body of knowledge in the project work. The project group has a background of 
collaboration since a number of years, during this time trust and openness have been 
developed 

 

  
  
  
  
        
  

 

 

 

 

 

 

 

 

 

 

 Figure 1. Project overview.    

All partners have contributed on an equal basis, but with different competences, to the 
project work. Knowledge sharing work has been executed in meetings, cases, 
seminars and workshops as well as via master thesis students. The areas A-C 
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contributed to the project’s activities aiming to stimulate SMEs development of 
competences and competitiveness. 

The project has also had one area (D) consisting of the responsibility to administrate 
and coordinate the overall project. This work has been led by LTU, mainly Henrik 
Nergård, but all partners have contributed and commented on formal reports and 
similar. Åsa Ericson has been a resource for administration and coordination  (area D) 
as a co-project leader and Johan Wenngren has taken an increased part in the project 
work (area A). The work in area D has run in parallel throughout the entire project, 
not only administrating and coordinating the project work, but also to ensure 
knowledge sharing within the group. Regular Adobe Connect (distributed technology) 
meetings have been held, approx. twice a month, internal face-to-face meetings have 
been scheduled in relation to, for example seminars or conferences. Minutes have 
been taken for almost all of them. Exceptions are some meetings that have focused 
problem-solving activities, i.e., how to set up the website. Status reporting has been 
done in due time.  

The steering group consisted of representatives from a participating company and 
participating academic partners. The project group reported to the steering group 
twice a year, in total four steering group meetings have been held. Representatives 
from the financiers have been invited to all. Participation in all steering group 
meetings has been offered via Adobe Connect. The steering group meetings has had a 
controlling and monitoring function, i.e. an internal “sanity check” for the project 
progress and focus.  

The economy administrations from all partners have been continuously included in 
the administration of the project, for example to ensure alignment of each budget. 
Also, the communication in-between economy administrators have been held, mainly 
via email, to check up and coordinate budgets and so on. Approved national control 
and economical issues are sent to lead partner/administrators whom prepare and send 
the application for payment.  

Purpose, goal, challenges and activities 
The project’s purpose has been to increase small- and medium sized firms’ (SMEs) 
capabilities to manage and lead product development in a proactive manner. The goal 
has been to contribute to SMEs’ competitiveness. The basic insights into the business 
environment for SME within the program area were mainly gained through work in 
the previous project DIM (Digital Integrated Manufacturing). Those insights provided 
a platform for the SMaE project. Hence, the project is based on real needs of SMEs 
and those settled the directions for the planned activities in the project at hand. The 
general challenges for SMEs that are developing products and/or services within 
manufacturing industry are, for example, demands on flexibility in production during 
recession but also during upswing, this should be seen in relation to difficulties to 
approach new markets and new customers. The core issues for SMEs are that they 
rely on the established development practices, thus preserving ‘what is’ at the expense 
of exploration of possibilities, often due to limited resources and a lack of expertise of 
how to grow and how to improve their practices. Simultaneous, SME as well as large 
companies are challenged by a shift towards service-/knowledge-oriented products, 
which integrates sustainability more closely to the early stages of product 
development.  
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The core challenges that has been addressed in SMaE are issues related to a will and 
interest to change and improve the development processes, for example the transition 
from one type of technology to a newer type of technology and/or the combination of 
established technologies and new ones. Further, the project has addressed product 
design thinking as an important practice in relation to changed procedures. One vital 
activity of the project has thus been to act as a bouncing board to SMEs, meaning that 
the project partners do not sell or advocate particular technologies as salesmen do but 
rather broaden the alternatives to support more informed decisions by the SMEs. 

Besides numerous telephone calls, emails and small meetings, the project activities in 
relation to SMEs have been the following: 

• Company specific cases: One requirement for cases was that the companies 
should be interested of the exploration of a particular issue, i.e. have a need 
and allocate time from one person. Another requirement was that the case 
should involve, for the company, new technology, new method or any other 
type of newness, i.e. it should be possible to separate the case from the 
company’s daily product development or production. Two cases from each 
partner were planned, in total 8 cases during the project time. The project has 
exceeded that number. There is a clear need of this type of academic support 
for SME in the program area, the project has had, and are still receiving, more 
requests than could be managed within the project resources and budget. The 
cases have been, in accordance to the plan, executed in each partner area. Case 
studies are common in research projects, but the financing of this type of 
projects is a unique possibility to actually offer SMEs to benefit from 
academic competences, i.e. need-based contacts initialized of SMEs can be 
immediately taken care of. Without this type of project open and need based 
collaboration with SMEs is not possible, i.e. it has to fit into a particular 
objective of an established project. The close collaboration with SME in the 
cases is based on demonstrators, which makes even abstract engineering 
design thinking visible, i.e. sustain learning by doing and support 
communication. The cases in this project have been discussed in internal 
project meetings and particular experiences from each partner have been 
shared with the whole project team. All cases have resulted in SMEs’ 
increased awareness of new technologies, methods and product design 
strategies. A more detailed, and thus a more technical, description of cases 
will be done in a separate brochure. The brochure is under development and 
will be presented August/September 2014. That brochure will serve both as a 
compilation of what has been done so far, as well as a pointer (“sales 
material”) to future work and forthcoming project ideas.  

• Field work: This activity was planned to be an outreaching activity to attract 
more SME to make use of the project’s competences. Yet, since we have had 
more SME incoming to the project this activity has not been prioritized as a 
separate approach. One interpretation of incoming requests is that the previous 
project, DIM, has had a strong influence, e.g. the marketing of the possibilities 
to collaborate with academia in a practical way has had a lagged effect that 
benefits this project. In relation to visiting case companies other nearby new 
companies have also been visited. For example, the Finnish partner has been 
highly successful with that approach. In some senses fieldwork has also 
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contributed to the work with cases since the procedure is outreaching and 
visits to companies are part of the approach.   

• Specific workshops and/or seminars: The requirements on these were that 
workshops should be requested from the companies, be initiated on a demand 
base and that the activity should involve more than one representative from 
the company and/or the project. Commissioned education and lectures are also 
included in these activities. A guiding number was set to 8 
workshops/company seminars. The project has reached that guiding number. 
The way of working in workshop/seminar mood has proven to have a direct 
impact on procedures, since it is based on company requests. One lesson 
learned could however be that these activities are better off with a longer time 
horizon than often can be realized, simply put – coordination of calendars and 
needs that “pop-up” from the daily work are difficult. Mitigation for a new 
project would be to start investigating the need for specific workshops in 
relation to project start, e.g. set the firms’ thinking in motion earlier. Seminars 
have also been conducted in relation to student courses, but as an additional 
event, for example in Sweden an inventor presented an innovation possibility 
for the students and a teaching team, which worked jointly with the problem 
and presented plausible solutions. That workshop approach is not otherwise 
doable in theoretical classes due to not being able to allocate the resources of a 
diverse team of teachers. 

• Master theses work: Requirements on master thesis work are in accordance 
with each academic institution, yet a common examination aspect is the 
students’ capability to execute independent work. Further, one academic 
supervisor should support the students’ work and when the thesis work has a 
client the client should also provide an industrial supervisor. Good experiences 
were done in previous DIM project on assigning master thesis students in the 
project work, for example it was found that students did not only solve 
specific problems, but they did also act as inspirational persons for new 
technologies, application of modern product development and production 
management. A guiding number for master thesis work was set as three; the 
project has in total exceeded that number. The main part of products 
developed within the project is also related to the master theses work, this is 
due to the dedicated efforts and delimited problem areas. No payment/salary 
to master thesis students have been done from the project budget. The 
introduction of students in companies will hopefully provide job opportunities, 
either in the client company or by increasing the students’ employability.  

• Open seminars: The requirements for the open seminars were that they should 
be announced to a broader community and preferably attract a larger audience. 
From lessons learned in the previous DIM project the decision for SMaE was 
to aim for a lower number of seminars. The total number of open seminars 
was planned to be 4, the project has successfully reached the number.  One 
reason for that is that project presentations have been strategically done in 
relation to other larger seminars, for example TINN in Norway 
(Teknologifestivalen i Nord-Norge) and WAMS in Finland (Wireless 
Applications for Machines and Systems). All project partners had several 
presentations during these seminars. Moreover, open seminars at the different 
academic institutions have also been held, for example in Norway (Finnsnes 
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studiecentret) and in Sweden (final project seminar). All public material is 
marked with the European Union flag. 

Cross-border importance 
The project work has addressed cross-border importance (gränsregional betydelse) by:  

• Combining competences from Sweden, Finland and Norway in order to 
approach SME product development processes having a more nuanced picture 
than each partner can conduct in solitude. The exchange of knowledge among 
partners, i.e. also a cross-border activity, would not have happened without the 
project’s resources.  

• Sharing insights with each other about the specific conditions for SMEs within 
the program area. This work has provided better knowledge for differences 
and similarities in SMEs development processes and builds a base for further 
work and future research activities.  

• Working across the program area. That is Norwegian partners have 
contributed in Finnish and Swedish cases, Swedish partners have contributed 
in Norwegian and Finnish cases and Finnish partners have contributed in 
Norwegian and Swedish cases.  

Direct and indirect impacts on SMEs 
The project work has gained SMEs in, at least two ways:  

• Direct – measurable impacts. These are made concrete in the project’s 
indicators, for example number of new products and number of contacts with 
the project. Each partner should have had 3 signed contracts à 1000 EUR with 
SMEs. This has been accomplished within the project time for Finland and 
Norway. Sweden has signed two contracts but a third contract was not signed 
within project time. A firm is contacted and the work is agreed upon, however 
the work will be executed during fall 2014. The project partners’ have acted as 
knowledge brokers, i.e. connecting firm representatives with each others, for 
example in one Swedish case the idea to use another type of material than first 
decided for an innovative product came via the project.  

• Indirect – qualitative impacts. These are found relevant by the SMEs but are 
not readily measurable, for example methods to improve creative and 
innovative work have been presented and thereafter adapted to the company 
processes. Traceability of “thinking” implementations is not readily done, and 
effects on the product development processes cannot be immediately assessed. 
The important activities of being a sounding board can be placed in this 
category. Lessons learned from previous DIM project shows that indirect 
results are crucial for the continued collaboration with SMEs. These activities 
build trust and extend the project’s partner-SME networks. Creating tighter 
couplings between SMEs and academic institutions were an expected result of 
the project. Another effect of the project work is also the fact that SMEs have 
had the opportunity to get first hand insights into how academic work are 
executed and what alternatives there are to collaborate. This has been 
experienced as positive insights by the project’s participating SMEs.  
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Sustainability 
The project had the plan to address sustainability from the three established 
perspectives of ecological, economical and social sustainability.  Ecological 
sustainability, e.g. eco-design and green products, has been discussed with SME in 
cases. Such reflections came up “naturally” since it is a critical issue in modern 
product development, for example choices between different materials in relation to 
product life cycle and end of life issues could be simulated and modeled. Economic 
sustainability has the meaning of creating a long-term and viable situation in the 
company. This has been addressed in the core perspective of the project, i.e. to 
support more informed decisions for investments by providing possibilities to try, 
evaluate and discuss technologies with the project partners. Social sustainability, i.e. 
user/customer participation and need investigations, has been a guiding principle for 
the whole project. That is, SMEs’ real needs and their customers’ needs should be a 
base for product design and innovation opportunities, if so ecological sustainability is 
considered already in concept design. The project has set up its own sustainability 
intentions, for example distributed meetings more often than physical meetings and to 
minimize printed material.  

Creating equal opportunities for both women and men, or simply put gender issues, 
was also a prioritized perspective for the project. It is a well known fact that women 
are underrepresented in the area, this can be seen in education and in industry, 
meaning that quantitative equality is out of reach (at least for the moment).  The 
project has, due to its broader perspective on product development and production, 
made en effort to attract a larger audience. Also, seminars have been designed to open 
up for more females. Internally, the project has, as far as possible, applied the 
principle that all presentations should also include females. Further, meetings that has 
been organized by the project have, as far as possible, applied the principle to not start 
earlier than 09.00 and end latest 16.00, this to provide the possibilities for participants 
to bring small kids to kindergarten. Travels have, as far as possible, been avoided to 
take place on Mondays and Fridays; this is to support a balance between work and 
family life.  

Dissemination 
Besides dissemination of project results in the planned seminars, workshops, cases 
and master theses, the IEEE CogInfoCom has particularly provided additional 
possibilities to disseminate results and attract international interest for the project. The 
Norwegian partner introduced the SMaE partners to the conference organizers and 
made it possible to arrange a special track for SMaE related work in 2012 and 2013 
conference. The sessions were given the best track award in 2012 as well as in 2013. 
Chosen papers from the session in 2013 were given the opportunity to be published in 
a special issue of Intelligent Decision Technologies. The journal is renowned and 
peer-review (level 1 publication channel in Norwegian and Swedish publication 
system and indexed by EI compendex). The publications promote project result to a 
wider and international audience.  The topics of the special issue in IDT are: 

• RFID-based Communication in Container Ports (NUC and Centria) 
• Vehicle in a Cognitive Network (Centria)  
• A Decision Aided System for Sustainable Waste Management. (NUC) 
• Towards Easier Human—Robot Interaction (Centria) 
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• Communicating the Realization Process during Technology Implementation 
(LTU) 

• Enhancing Innovation Capability with Cognitive Infocommunications 
(Centria) 

• Manufacturing Knowledge: Going from Production of Things to Designing 
Value in Use (LTU). 

 
From the CogInfoCom 2012 conference, the paper from Centria –“Situation 
Awareness in Cognitive Transportation Systems” was selected for publication in the 
Special Issue on Cognitive Infocommunications in the Infocommunications Journal. 
An electronic version of the publication can be accessed at:  
http://regi.hte.hu/8PB48OPU3548X8YC4884W8XDS37PQ1245/InfocomJ4_komplett.pdf 
 
The project partners will continue to collaborate and contribute to the conference with 
the objective to over time create an international platform for dissemination of results 
from this type of projects. The collaboration will also provide continuity of the 
contents in the SMaE project after project ending. 

The DIM website was planned to be the base for dissemination particularly 
addressing the program area, however the web server was hacked in 2012. The attack 
did not only spoil the DIM website, but all sites that was hosted on the server. Backup 
of the contents on the DIM portal had been done, but it was not possible to redesign 
the website/DIM portal. A new website has instead been designed, 
www.innoarctic.com, and the DIM material has been transferred to it. The site is still 
under development, but it will be a hub for sharing results also for forthcoming 
projects. One lesson learned from this situation is that managing and maintaining a 
website are more resource intensive than expected. Mitigation in future projects will 
be to assign a webmaster, but also for example include a simple blog so all partners 
can make weekly updates. Moreover, for example LinkedIn might be considered as a 
useful complement. LinkedIn also provides possibilities to visualize networks, i.e. 
changes and extensions can be measured.  

SMaE project in public press and announcement of theme days:  

• Keskipohjanmaa KP24.fi, Innovations for enterprises: 
http://www.kp24.fi/uutiset/teemat/1720/332598/Innovaatiot-yritysten-
k%C3%A4ytt%C3%B6%C3%B6n   

• Robotic Theme Day in Tietomaa Science Centre in Uleåborg, 
http://ouluma.fi/2013/04/robotiikka-teemapaiva-tietomaassa/ 

• Folkebladet, 2013-10-17: http://ind-tek.hin.no/wp-
content/uploads/2013/10/TF_10nyh1017.pdf   

• Gällivare näringsliv, 2014-03-05: 
http://www.gellivare.se/sv/Naringslivet/Nyheter/Nyheter/Brobygge-mellan-
Gallivare-och-Lulea-tekniska-universitet/  

• Teknologi Festivalen i Nord-Norge (TINN) 13th. And 14th., March, 2013. 
Theme ”Lean”: http://www.teknologifestival.no/side.asp?sideid=1  
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Technical Demonstrators and Company Cases 
Within the SMaE project a number of technical demonstrations, seminars and 
workshops have been conducted. These activities have been conducted as a means to 
target and help participating companies to examine and evaluate different 
methodologies and technologies that are suitable to fulfil their needs or find solutions 
to their problems. In the end these activities are also used as a means to show and 
demonstrate different solutions to other companies that can be used within their 
companies as well. 

A basic introduction to the different methodologies and technologies that have been 
used is given in the next chapters. Also a more detailed presentation of each and every 
case can be seen within each chapter.  

Note: Pictures and figures in the following sub sections are not numbered since they 
are related to the text in each section and shows representations of the tasks, 
activities, software, applications and solutions developed in each case and 
demonstrator. 

Companies that have participated in the project can be categorized reaching from 
single owner, micro companies into smaller SME’s employing a number of people 
fulltime. These companies have different challenges and needs based on their own in 
house competence and expertise. Some of them are completely new into product 
development whereas some companies have been active for years but have found a 
need to be more effective and efficient in the processes. Many improvements are 
sought due to a wish to be more environmentally friendly as well as to make more 
effective use of available resources. 

Product development is more and more moving towards the use of digital models and 
drawings. 2D design has been in use for many years but industry standards have now 
pushed more and more towards 3D models. Creating 3D models require competent 
CAD software as well as skills and knowledge in how to use and utilize the software 
to its best.  

Introduction of methodologies and software into companies product 
development process 
For some of the companies participating an introduction to Computer Aided Design, 
it’s advantages and pitfalls have been conducted. For these users the first encounter 
with a CAD software and especially a 3D CAD software can be quite overwhelming. 
The interface is unfamiliar as well as the name of the functions implemented in them. 
For a company only to invest in software without any prior knowledge in how to use 
it would be a bad investment both in time and in money. Here education and training 
is equally important to conduct before the investment both to increase the competence 
and also to become a better more knowledgeable buyer of the software. Within the 
seminars in the basic introduction tips and guiding support have been introduced so 
that the companies can gain a sound understanding on why work methodology and 
design approaches are equally important as the software itself. Practical examples and 
common phrases and terminology within the CAD environment have been explained 
and the first basic steps are introduced. The seminars have been combined with 
practical work within the CAD systems since it is also about being accustomed with 
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the software. When the basics and fundamentals of a CAD system have been 
understood it doesn’t really matter what CAD system you use since the overall work 
methodology is very similar between different software. 

Some companies have reached a little bit further using CAD within their product 
development or production processes. For these companies a number of different 
solutions have been introduced. One company have worked a bit with extending their 
product design process using a parametric design process. Basically meaning that 
instead of creating a new design and CAD model for each new customer or project 
you create a single CAD model that can be customized by changing design 
parameters so that a new design can be built in a more automatic way. In this way 
design and production features important to the company can be quality assured into 
each and every product design without worrying that something is forgotten or left out. 
Also, only the parameters from the customers design needs to be saved which saves 
storage space and makes things much more organized. Once created the parametric 
model can speed up the design process due to that complicated design steps in the 
CAD program can be fully or semi automated. 

Other software solutions and methodologies that have been demonstrated are CFD 
(Computational Fluid Dynamics) and ERP (Enterprise Resource Planning) as well as 
using vision based analysis and evaluation of tools in order to reduce tool errors in the 
production phase. CFD is a mathematical analysis method benefitting from the 
extended use of 3D CAD parts. With this type of methodology the designer can 
analyse and sometimes optimize the design with respect to the flow of different fluids 
within it. This is typically used to examine mass flow of different fluids in the 
environment it is supposed to be used in. Sometimes less advanced CFD modules are 
implemented directly within the CAD software whereas the opposite is highly 
specialized computer software that can be very advanced both to use and to 
understand.  

Enterprise Resource Planning (ERP) can be described as a system that incorporates 
more functionality and functions within a company than only pure manufacturing and 
design issues. Taken to an extreme it can include all back-office functionalities within 
a company integrated into a system working close to real-time. Thus an update within 
one area is instantly updated into a common database and visible in other areas of the 
company. In the cases that have been conducted within this project only smaller parts 
of the business have been investigated and tested. The gain and advantage of this is 
that the entire company can gain access to up to date information about integrated 
business areas and can thus react accordingly instead of relying on information that is 
periodically updated as in manual stock and inventory taking. 

Introduction to CAD – the basics, benefits and pitfalls 
Companies: NIJJ AB, Luleå; Pär Domiej Fotograf, Luleå; Utvecklingscompagniet AB, 
Älvsbyn; Fjällbonäs Trävaru AB, Arvidsjaur, companies are all located in Sweden 

Description: Many innovators and SME’s have problems when developing their ideas 
into products. One issue is to visualize and create virtual models that can be used to 
evaluate concepts and use to communicate ideas to others. 

The SMaE project have set up a number of seminars and practical workshops for 
innovators and SME’s to get an introduction to the methodology, workflow, 
guidelines and tips, pitfalls and common errors when using CAD in order to create 
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robust models. The purpose is to gain an understanding of the possibilities and 
capabilities rather than becoming an expert. Also comparison between expensive and 
cheap CAD systems was planned so that companies know what to expect and what to 
look for. 

Results: Companies participating gained a better understanding to benefits and pitfalls 
using modern CAD systems. Both professional and more affordable CAD systems 
where demonstrated. One benefit is a better understanding of what to look for when 
selecting CAD systems for their companies. Another is that understanding the basics 
helps to remove certain hurdles and problems when using the methodology in practice. 

Use of modern flow simulation (CDF) programs to optimize water cooled chimneys 
Company: Finelmo Oy, Haukipudas, Finland 

Description: Finelmo has developed a water-cooled chimney product for the wood 
burning stoves. The main idea of the construction is to take heat from the flue gases, 
where the temperature is in many cases very high. The water-cooled chimney is 
connected to the water based heat storage for the use of this heat for heating and 
generating warm water. 

Results: Modern flow simulation (CDF) software (SolidWorks Flow Simulation) was 
demonstrated when studying water circulation in cooled chimney modules. 

 

Integration of steel design 3D-softwares with code checking 
Company: Merius Oy, Kokkola, Finland    

Description: To demonstrate integration of suitable steel design parametric based 3D-
software with code checking (Eurocode and others) software.  

Results: Integration of Merius software (Inventor, Plantdesign etc.) with code 
checking software (Autodesk Robot Structures) was successfully demonstrated 
(model transformation, steel profiles, materials, loads and supports and so on). 
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Demonstration of parametric CAD solutions in the design process 
Company: Nord Norsk Aluminium AS, Norway. Conducted as cooperation with 
CENTRIA in Finland as well as NUC in Norway. 

Description: Nord Norsk Aluminium has specialized in door manufacturing. 
Parametric design was demonstrated to speed up the process.   

Results: Demonstration of parametric design with AutoCad was successfully 
demonstrated.  
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Implementing ERP system at Nord-Norsk Aluminium 
Company: Nord-Norsk Aluminium, Conducted with Norwegian project partners 

Description: Examine the possibilities to implement an ERP planning solution for 
their production process. 

Outcome: Increased level of efficiency (approximately 60%), cost-savings (human 
resource, other software currently being used) and a coordinated business process 

   

Help in evaluating technology/methodology 
Many of the companies and organizations cooperating in the project are both 
designing and producing their own products or have a production facility that they 
want to optimize or rationalize in some way. An integral part of evolution and 
development process is to be able to evaluate or examine how well a certain 
technology or methodology works in the business process. It is hard for companies to 
cooperate with suppliers of the technology since it often involves that they have to 
buy the technology afterwards or spend large amounts of capital to have a consultant 
design or customize the technology or methodology for company’s processes. The 
SMaE project have helped companies in this sense since companies have been able to 
use equipment available at project partners to test and examine if the specific 
technology or equipment is suitable for use within the company. One technology 
demonstrated was to use specific sensors to evaluate a design of a certain product. 
The sensors were accessible by project partners and it was shown in the demonstrator 
that the specific sensor type was not suitable in the evaluation process. Another 
technology demonstrated is the use of vision-based systems in the manufacturing 
process. The technology was examined with the purpose to evaluate if it could help in 
reducing tool errors in the manufacturing process. 

Implementing technologies also means understanding different methodologies. This is 
also true for product development. In any product development project a certain 
methodology or methodologies are used, even if companies are aware that they are 
using them or not. The key thing for a company creating a product is to be aware that 
the methods they are using in the development process can effect not only the end 
result of the product but also the efficiency and control of the company itself. Product 
development methodologies or Engineering Design methodologies are often a large 
part of a structured process within larger companies while smaller companies might 
adopt a more hands-on or ad-hoc process. For smaller companies to grow and expand 
their business becoming structured and organized is a large part of the development 
work. Within the SMaE-project a number of workshops and seminars have been held 
to help and educate companies to understand how structured and organized product 
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development methodologies can help them improve efficiency and overall product 
quality. This work has involved both lectures as well as practical work based on 
company needs. One of the keys of understanding the benefit of using a methodology 
is to base the workshop on real needs and problems that companies have instead of 
using fictional (education type) problems. Usually educational-type problems can be 
used to prove a point but companies gain in two ways when applying the 
methodology on their own problem, i.e. they learn the methodology and how to use it 
and also they analyse their problem and may come up with different solutions to it. 

FUNC3 – Creative Workshops in Product development 
Company: NIJJ AB, Luleå, and Blatraden Öjebyn, Sweden    

Description: NIJJAB was involved in the previous DIM project and had several 
Master Thesis students working with the product idea. The aim with the work in the 
SMaE project was to take the existing product concepts and adapt them for use with 
an alternative material.   

A number of creative workshops together with NIJJ AB to help them in their 
development process were planned. A Second company, Blatraden, was also involved 
in the workshops and development process of the product idea. 

Results: A number of smaller workshops were conducted to bring the product 
concepts forward. One of the product concepts developed in the workshops is now a 
functional prototype that Blatraden produced and assembled. Currently the prototype 
is further developed towards a fully functional working prototype. 

 

Development of oil recovery equipment from sea water 
Company: Meritaito Oy, Espoo, and Kewatec AluBoat AB, Kokkola, Finland 

Description: Meritaito Oy (Sjöfartsverket) has designed and developed a new type of 
oil recovery equipment. Kewatec in Kokkola has built the prototype and Centria 
performed field measurements (pressure) of wave action. 

Results: Pressure sensors that were bought for the measurements did not work 
properly. Alternative measuring methods are under consideration. 
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Sustainable Manufacturing by Vision-Based Reduction of Tool Errors 
Company: Sievi-Tools Ltd, Oulainen, Finland 

The company is concentrated on flexible machining and sophisticated mould and tool 
manufacturing based on advanced 3D technology 

Description: Development was focused on vision-based reduction of tool errors to 
reduce waste of materials, energy and work hours. This is a step towards more 
sustainable design and manufacturing process. Development was carried out by using 
a customized low-cost vision system. 

Conclusions: Demonstrations and tests for vision-based reduction of tool errors were 
completed with a HD web camera and Centria’s customized software for image 
analysis and user interface.  Demos and tests showed that this kind of system enables 
the reduction of tool errors in CNC processes. Company’s target is to develop the 
system further so that it can be taken into use in the company’s CNC manufacturing 
processes in the future. 

 

Reverse engineering and design 
A large amount of time is often spent in companies reproducing or creating up to date 
models of products or processes within a company. This is often done using manual 
measuring and then transferring these measures into the computer often utilizing some 
kind of CAD software. This is called Reverse Engineering (RE). If this is done 
occasionally it is an adequate process, which works. However the accuracy of the 
created model is totally dependent on the quality of the measures and the skill of the 
designer creating the model. Is it also larger things (i.e. factory floors, machines etc.) 
that needs to be reverse engineered or measured it can take quite a lot of time. Modern 
3D-scanner technologies are suitable to enhance and also speed up this process with 
an increase in quality and accuracy. The actual measuring process is achieved by 
taking billions of measures using laser-technologies in combination with other optical 
and sensor technologies to create a point-cloud (billions of dots combined into a 
“cloud” that when combined constitutes an accurate representation if the actual object 
scanned). This point-cloud can then be transferred into different types of CAD-
models and be used in the redesign or new design. In the cases this technology have 
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been used to both scan the current factory layout and also to use factory layout 
software to examine different solutions for a recycling process. The same technology 
has also been used to create an accurate model of a production process that the 
company wanted to examine different robot automation solutions for. 

Reverse Engineering and Virtual Design for Sustainable Manufacturing 
Company: Siipotec Ltd, Kalajoki, Finland  

Company introduction: The company is a manufacturer for demanding industrial 
solutions based on CNC-machines and robotics 

Description: Demonstrations were carried out for the development of sustainable 
manufacturing with reverse engineering and virtual design. Reverse engineering demo 
was focused for renewable energy producing unit. Demo included 3D scanning, 
design and machining with Centria’s measurement equipment (Faro Platinum Arm, 
NDI Optotrack) and software (Geomagic, Spaceclaim, SolidWorks). Virtual design 
demos included 3D design and simulation of a robotized manufacturing with 
3DCreate software. 

Conclusions: Demonstrations showed that the available tools for reverse engineering 
and virtual design offer practical solutions for company’s challenging projects in the 
sustainable manufacturing field. 

   

 

Virtual Design for Sustainable Battery Recycling Process 
Company: AkkuSer Ltd, Nivala, Finland 

Company introduction: AkkuSer Ltd was the first in EU to develop a technology that 
enables recycling of hazardous batteries and accumulators in an sustainable manner. 
They were European Responsible Care Award Winner for SMEs in 2011 for their 
patented battery recycling process.  

Description: Demonstrations were carried out to show the possibilities of virtual 
design tools (3DCreate, SolidWorks) in developing and documenting the recycling 
process. The factory was scanned earlier with Centria’s laser scanner (Leica Scan 
Station 2).   

Conclusions: Demonstrations showed that the available tools for virtual design offer 
practical solutions for developing and documenting the sustainable battery recycling 
process. 
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Reverse Engineering and Smart Specialization 
Companies: Nybergs Mekaniska, Kiruna Utility Vehicle and Kiruna Trucks, Luleå 
and Kiruna, Sweden    

Description: Kiruna Utility Vehicles (KUV), Nybergs Mekaniska and Kiruna Trucks 
are specialized in customizing vehicles for the mining industry. It often incorporates 
process that involves creating CAD models of parts of vehicles so that new designs 
and features can be added to an existing vehicle chassis. The current reverse 
engineering process of vehicles is conducted manually measuring and transferring 
measured to the digital model. This can be time consuming. 

As a means to investigate alternative methods to the current Reverse Engineering 
process KUV has looked into adopting some type of 3D-laser scanning technology to 
speed up parts of the process with increasing accuracy. 

The SMaE project planned to support and show different ranges of 3D scanning 
technology (Architectural types, hand held and hobby types) that exist on the market 
to select a suitable technology for their business and process. 

Results: A workshop and demonstration was planned during spring 2014. Due to time 
constraints the demonstrators was postponed and rescheduled to be conducted during 
fall 2014 even if it is outside the project timeframe 
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Minor Reverse Engineering Demonstrators for Sustainable Manufacturing 
Camtronic Ltd, Ylivieska, Finland: RE for the component design in an engineering 
workshop 

Deltapak Ltd, Ylivieska, Finland: RE for the mould design in an engineering 
workshop 

Kuusamon Uistin Ltd, Kuusamo, Finland: RE for the digitalized manufacturing of 
fishing lures 

Mäkelä Autotuning Ltd, Kannus, Finland: RE for restoration of sports and racing cars 

JEDU, Finland: RE for the design of a music instrument 

Pentik Ltd, Posio, Finland: RE for the design of a ceramic art product 
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3D scanning for quality assurance 
A similar technology for 3D scanning has been used for checking quality of the 
product. This technology uses a 3D measurement arm that is used to measure parts of 
the product. This technology involves operations that actually touch the physical part 
in contrast to the 3D laser measurements that do not. 

Minor demonstrations of Virtual Design and Quality Assurance for Sustainable 
Manufacturing 
Bet-Ker Ltd, Ylivieska, Finland:  Virtual simulation solution for heavy part handling 

Raita-Sport Ltd, Oulainen, Finland: Virtual design, simulations and 3D printing for 
the design and manufacturing of dashboards 

JMC Engine Ltd, Ruukki, Finland: Virtual design for robotic deburring, collaboration 
with HIN, Narvik 

Mecanova Ltd, Nivala, Finland: Virtual design and CAD/CAM-based robot 
programing for sheet metal production 

Buorre Ltd, Kokkola / Vaasa, Finland: Virtual design based on 3D scanning for thin 
and flexible plastic products 

Topi-Kalustaja Ltd, Kalajoki, Finland: Quality assurance based on 3D measurements 
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Rapid prototyping and evaluation of product design 
When creating a product using modern technologies such as CAD this ensures that the 
design works well in the virtual environment. However, even when using the 
advantages of CAD some things are hard to examine in the digital world. This 
involves evaluating how well a certain design works (i.e. size, shape, functionality, 
look and feel) in the real world and also in the environment it is supposed to be 
designed for. Thus a common step when creating products is always to create some 
kind of prototype. Creating a physical prototype (as accurate as possible to the final 
version) in order to be used for evaluation of the entire or some part of the design can 
be quite expensive and thus cheaper more time effective solutions are preferable in 
the earlier design phases. 3D-printing technologies have been around for a couple of 
years but in more recent time it has actually become very cheap and available to the 
consumer market. More industrial types of machines are still available (with increased 
accuracy and quality of the final 3D-print) however the machines developed for the 
consumer market or smaller businesses are very affordable and with an ever 
increasing quality they are a good option for companies that want to use the 
technology in their product development processes. Project partners have access to a 
number of different 3D printing machines that have been used to demonstrate the 
technology, its advantages and pit falls for companies. To be able to print a physical 
prototype to evaluate size, shape and functionality of different design concepts in an 
affordable way is a great asset to companies. Thus design iterations can be done faster 
speeding up the development process. The access to cheaper machines also helps 
start-up companies to create physical prototypes in a cost effective way. 

3D Modelling and 3D Printing of corner profile lists for doors 
Company: Kaskipuu Oy, Ylikiiminki and Haapajärvi, Finland   

Description: Kaskipuu Oy is developing new wooden doors with glass windows. The 
frame around the window is made of a special plastic. Kaskipuu had designed in 2D 
three different models. They asked Centria to make 3D models and print them in 3D-
format for assembly tests. 

Results: Based on the tests Kaskipuu was able to choose the best alternative for future 
design. 

 

Rapid Prototyping in Sensor design 
Company: Umeå University, Umeå, Sweden  

Description: Umeå University, Department of Ecology and Environmental Science 
needed to develop specific sensors for their research. The sensors needed specific 
plastic parts to positions different type of electronics correctly. Specific components 
in plastic produced in low series makes 3D printing as a suitable production method. 
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Results: LTU helped in demonstrating 3D printing and Rapid prototyping as a step in 
their development process. A number of concepts where produced in the Rapid 
Prototyping machine to be evaluated which one was most suitable. 

 

Design and Rapid Prototyping 
Company: Bottenvikens bryggeri AB, Luleå, Sweden  

Description: Bottenvikens Bryggeri AB is a newly started microbrewery that aims to 
produce high quality beer for the local market. 

Bottenvikens bryggeri AB needed help in examining different concepts for the 
production facilities. LTU supported with demonstration of the Rapid Prototyping 
Technology. 

Results: Different materials were used in the Rapid Prototype Machine to test if it was 
possible to find a material suitable for a Brand Stamp. Also different types of casings 
were manufactured to evaluate a magnetic stirrer for the production line.  

 	    

Industrial Installation – Rapid Prototyping 
Company: Lindbäcks Bygg AB, Öjebyn, Sweden   

Description: As a step in the development and rational building process of modern 
housing that Lindbäcks Bygg AB is known for parts of the process regarding 
industrial installation has been investigated in a number of student projects.  

LTU supported the project with help and demonstration of 3D printing and Rapid 
Prototyping in the concept development and evaluation process. 

Results: A number of rapid prototypes were manufactured using the 3D printer 
available in the project. The product concepts could then be physically examined, 
handled and evaluated which is very hard to judge only using a virtual prototype.  

Virtual Design and Rapid Prototyping of electronics casing 
Company: WebIQ AB, Piteå, Sweden     

Description: Support when developing electronics casing, creation of virtual concept 
model and Rapid Prototyping.  
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Future Cooperation with industrial designers to create an attractive consumer product 
was also planned.  

Results: The SMaE project helped in creating a virtual CAD model of the first 
product concept based on companies visions and sketches. The virtual model was 
printed with Rapid Prototyping technology. The finished prototype concept was 
further used in the development process. 

 	    

Rapid Prototyping demonstrator 
Company: Teknikens Hus, Luleå, Sweden  

Description: Teknikens Hus in Luleå is a popular science and technology fair that 
have a number of permanent exhibitions and some that are replaced from time to time. 
As an inspirational demonstration of modern manufacturing technology they wanted 
to make an exhibit regarding 3D printing. 

The SMaE project helped with development and support to increase knowledge and 
competence within the field of rapid prototyping and 3D printing.  

Results: A temporary exhibition of Rapid Prototyping technology and 3D printing 
was created and were open during a few weeks at Teknikens Hus during the winter 
2013/2014. The exhibition was very successful and hopefully inspired many persons 
to understand the benefit of using the technology. 

 

Automation with Industrial Robots 
Modern products are not so often produced as one-off products but are usually 
produced in higher volumes. An increased number of parts that need to flow through 
the production facility create harder strain on employees that often need to do tedious 
and monotonous movement and operations. Operations that are monotonous and 
repetitive as well as heavy or hazardous are ideal for automation in some sense. The 
project has given support and demonstration of different methods and software 
solutions that can be used to create these kinds of automated processes. It has been 
used to design and evaluate both robot and factory floor solutions for, part handling, 
Assembly solutions and well as production solutions. 
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Robotized press-brake solution 
Company: Furstål AS, Norway 

Description: Today the production of steel type fence holders is carried out entirely 
by human labour. The company would like to achieve lower production cost and less 
human intervention through automation. 

Developments: An analysis of the existing manufacturing line and a review of “on-
the- market” solutions. Further a new robotized solution is proposed. 

 

Automated solution for handling parts with industrial robot 
Company: Nordland Betong AS, Norway 

Description: Nordland Betong AS is one of the largest producer of ASAK pre-casted 
concrete blocks. There is one step in the production, where humans are carrying out 
hazardous lifting operation. Nordland Betong is looking for an automated solution to 
eliminate risks from production. 

Tasks: Study current work process, find optimal industrial robot for production and 
Carry out ROI calculations 

Goal: Assemble production line for the machine  

  

Automated solution for assembly with industrial robot 
Company: Nordic Comfort Products AS (NCP), Norway 

Description: Nordic Comfort Products AS (NCP) is producing large quantities of 
chairs, where the assembly operation is executed mainly by hand or out-dated semi-
automated machines. NCP is looking forward to replace their production with robot-
based solution. 

Tasks: Mapping of existing production step, simulation of robot based production and 
implementation of robot based solution 
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Goal: Automated chair assembly 

 

Student projects and Thesis work 
A number of Bachelor and Master Thesis students have conducted their final term 
project at some of the companies. Also different student projects within courses as 
well as seminars have been conducted. The benefit of utilizing students in projects are 
that they can do work during a longer time frame thus can cover more theory as well 
as practical work that benefits the companies. The combination of utilizing master 
thesis work at the same time as smaller and larger technical demonstrations are 
conducted is that companies can get a detailed explanation of the methods and 
methodologies behind the practical work conducted by the students. Companies not 
so experienced working with academic partners get to see the benefit of cooperating 
with universities and university colleges. Companies also get a better understanding 
of what to expect from this cooperation, that is, universities are not consultants that 
only “deliver” solutions but are a more long term partner that can demonstrate and 
give companies access to technology and methodologies out of their reach. Also 
academic partners can ask questions of why a certain technology is wanted and also 
give suggestions to other solutions that would fit the company needs in a better way. 
Students also gain access to exciting projects at local companies that can become their 
future employer.  

Student projects, thesis work and seminars 
Companies: LTU, Sweden, NUC, Norway, CENTRIA Ylivieska and Kokkola, 
Finland, NIJJ AB, Luleå and Elpex Roller Skis, Öjebyn, Clean Cargo AS, Narvik 
Norway.   

Description: The availability to professional and competent students at all project 
partners campuses is a great asset to the region and to companies active within and 
outside it. Within the SMaE project a number of different types of activities have been 
conducted for students and companies to meet up and interact with each other. These 
activities include: 

• Seminars/Lectures with innovators and companies 
• Workshops and practical work together with students 
• Several Master/Bachelor thesis – a long term perspective 
• Course projects 

Results: Both student and companies as well as the region benefit from these types of 
interactions. Companies gain access to competent students that can help them analyse 
and solve issues, problems or needs as well as to get different views on the same 
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issues. Conducting smaller project within courses is valuable to get results fast and 
can be an entry point for companies on how to learn to interact with 
universities/colleges and students.   

In the long run companies can run Master/Bachelor thesis projects that students can 
work with and hopefully get employed afterwards. 

Design of drive chain for automated cleaning arm for cargo containers 
Company: Clean Cargo AS (CC), Norway 

Description: Cargo container cleaning is today performed by human workers with 
manual cleaning equipment.  However, such a system still has a disadvantage: 
worker’s interaction with the container inside. This is prohibited by both World 
Health Organization and European Union.  

Goal: Design a robotic arm for automatic cargo containers cleaning, using warm 
water and no physical contact with the container. 
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New equipment - investments  
Investments in new equipment have been done. Sweden has invested in a 3D printer, 
MakerBot 2X, Figure 2. The 3D printer has been used within the project in different 
ways, for example in company education, in master thesis work, in cases to prototype 
so called proof-of-concepts. Further, the machine has also showed useful in a 
knowledge-sharing project with Umeå University, the division of Ecology and 
environmental Science. The machine has during the report period supported student 
projects related to the SMaE project. Two student projects have been executed within 
the course “Sustainable energy engineering”, one addressing the challenge to adapt 
methods to use snow as a printing material and one addressing an open-ended 
innovation challenge of how to reuse and recycle household waste. Finally, the 
machine has been used to support the SMaE case of innovative concepts for industrial 
electrical installation in collaboration with Lindbäcks Bygg and Blatraden. 

 
Figure 2. MakerBot 2X, Rapid Prototyping machine 

The Centria organization has invested in a new professional 3D printer, Project 5000 
from 3DSystems, see Figure 3, (http://www.3dsystems.com/3d-
printers/professional/projet-5000 ). The printer has contributed to the work in SMaE 
but the investment is not booked on the project. A minor part of the implementation 
work of the printer and the new system was carried out in the project due to expertise 
in showing companies the possibilities of making use of new technologies. Centria 
has introduced 3D printing technology to companies also with its other 3D printers, 
Dimension SST768 from Stratasys and minFactory (www.minifactory.fi). 3D printer 
technology in general has been utilized in three Centria’s company case related theses 
and in several student project works during the SMaE project.   

 
Figure 3, Project 5000 Rapid Prototyping machine from 3DSystems 
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NUC has invested an intelligent warehousing system/application that has been 
integrated into existing production system in the laboratory, Figure 4. Storage bins 
use cube utilization technology to maximize storage density. An efficient and modern 
solution for storage problems is to use vertical lift modules. These machines extend 
vertically, and convert the unused overhead space into productive storage place. With 
this investment, NUC are now able to demonstrate a fully automated flexible 
manufacturing system that integrates material storage, selection and handling with 
production and finished product handling.  

 
Figure 4, Intelligent Warehousing system at NUC's laboratory 

Mobile robots have replaced humans in performing repetitive, dangerous, and dirty 
tasks. NUC have within the SMaE project built a cheap mobile robot, Figure 5, to be 
used in shop-floor environment. The proposed mobile robot gives operators 
possibility to automate specific tasks related to raw material manipulation and ready 
product transportation. NUC have also invested in a 3D printer, Lulbot TAZ 3 type, 
Figure 5. The 3D printer was used for producing prototypes for demonstration cases, 
but also in master and bachelor thesis work related to SMaE companies.  

 
Figure 5, Mobile robot and Lulbot TAZ 3 at NUC's laboratory 
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Concluding remarks  
Overall, the project’s goals and intentions have been reached. In particular, the high 
number of cases has exceeded the expectations. The main advantage of the project is 
also the possibilities to execute close collaboration with SMEs, this way of working 
would not have been possible in traditional research programs. Traditional research 
programs have an emphasis on interaction with industry to collect empirical data, 
make analysis and publish research articles and reports. By this, the impact on 
practice is a core dilemma. This project provides the opportunity to act on industry 
requests in a direct way, and to suggest and discuss solutions directly. In a traditional 
research project this would be to “abuse the empirical data” and to “bias the results”, 
but in combination the two types of projects create unique possibilities to both 
describe (traditional research) and prescribe (applied research) practical solutions. 
The cross-border collaboration is also a unique aspect of this type of projects. In 
traditional research projects, partners are acting more in “knowledge silos” in the 
consortia, in this type of project the goal itself is to collaborate and share knowledge. 
Of course, the way the partners are working depends on the individuals attitude and in 
an ideal world such open collaboration could occur in a traditional project, but, in 
opposite to this type of project, the performance indicators and the measures of such a 
project does not as such support cross-border collaboration. 

Technology/methodology in it self is not the solution. In order to fully utilize 
technology or methodology and try out its possibilities and pit falls it needs to be 
tested and evaluated. Guidance and support from universities and project partners in 
the evaluation process is as important, if not more, for the eventual implementation 
process as it is for the testing itself. Companies get the opportunity to come up with 
viable solution options that might fit their needs in a cost effective way. 

Access to students and neutral academic partners are key advantages for companies 
that want to examine or evaluate technologies, methodologies or develop product or 
process ideas. For companies to gain an understanding of how the different 
technologies and methodologies work and how they can be adapted or implemented 
in their own company processes is one of key benefits of these types of demonstrators. 
This to an affordable cost for companies that would not be available anywhere else.  

The different demonstrators have reached from a quite in depth investigations to 
quicker “off-the shelf” demonstrations. One of the main conclusions from these 
demonstrators and cases together with companies is that long-term relations are very 
important. Smaller technology demonstrators have been used in the beginning of the 
relationship while in the long run companies are encouraged to involve more students 
with their company. A number of Master and Bachelor students have conducted their 
Theses work at companies cooperating with the same project. This can off course 
always be done, however the difference is that the project has worked in parallel with 
the company in the same cases to explain and teach companies how to best utilize 
students and academia as resources. One CEO of a company stated “…without the 
cooperation with the University, I wouldn’t have reached this far in the same amount 
of time”. Another company representative stated that “The cooperation with students 
and academic partners have helped me formalize and visualize the ideas that only 
existed in side of my head. It makes it so much more easier to communicate and 
explain my ideas when I have concepts, pictures or CAD models to show” 
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Future Work 
The SMaE project’s Swedish partners are collaborating with CiiR, a Vinnova funded 
excellence centre for innovation research, and this makes it doable to continue 
working with the innovation aspects from SMaE in some degree. Yet, this work 
creates more synergies in knowledge build up rather than actual impact on SMEs 
strategic practices.  

A spin-off effect from the project is that the Finnish partners introduced the SMaE 
partners to contribute in a preparatory Northern Peripheral Program project. South 
West College, Enniskillen, Northern Ireland is lead partner and the preparatory 
project called “Making regional Manufacturing Globally Competitive and Innovative” 
was approved. The project idea builds upon information- and communication 
technologies as a media for dissemination of practical tools for SME product 
development processes; as such it is a wider implementation of results from SMaE 
project. A full project is under development and will be submitted during the first 
quarter of 2015. The full project includes partners from North Ireland, Ireland, 
Finland, Sweden, Norway and Iceland. Further, within the new extended network, 
Horizon 2020 project ideas are also initialized. 

A new Interreg project is also under development. The project partners have had an 
externally facilitated workshop to ensure that all partners could have equal 
possibilities to participate and contribute. The workshop concluded on results, 
compiled identified needs and set the basic idea for a new project. Due to delays in 
calls, there will be a “gap” in budget between the SMaE project and any new project 
for the SMaE partners, yet the benefit from continuing the collaboration is assessed as 
fruitful and payback in some form is expected.  
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