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Abstract Sammanfattning
This is a master thesis report for MSc in Industrial Design Engineering at Luleå University 
of Technology. It is a development project where a wax-bench for cross-country skiing has 
been developed. The wax-bench have been developed to facilitate the clean-up for the user 
and to gather all wax-accessories at one place. 

In this report the entire project can be followed from start to finish, how the requirements 
were found, who is the user, what should the product handle and how was the ideas ge-
nerated. The final result is a wax- box that is vacuum formed and folded in the middle. 
In the box there are adjustable profiles to place the ski on and an adjustable attachment 
part in the center that attaches to the skis binding. The box acts as a collector of the waste 
that is produced when waxing skis, and as storage of waxing accessories when not in use. 
How to install the accessory in the box is not yet determined, but the idea is to develop a 
specific bag that fits perfectly in the wax-box and includes all the usual accessories. This 
bag should then be taken out when you wax and put back in the box after complete the 
waxing.

I den här rapporten kan man följa ett examensarbete för civilingenjörsprogrammet Tek-
nisk Design på Luleå Tekniska Universitet. Projektet består av ett utvecklingsarbete där en 
vallabänk för längdskidåkning har utvecklas. Vallabänken har utvecklats för att underlätta 
städningen för användaren och för att samla alla vallatillbehör på en och samma plats. 

I den här rapporten kan man följa hela projektet från start till mål, hur kraven hittades, 
vem är användaren, vad ska produkten klara av och hur genererades ideer. Det slutgiltiga 
resultatet är en valla-låda som är vakuumformad och viks ihop på mitten. I lådan finns 
det justerbara profiler att placera skidan på samt ett justerbart fäste i mitten som fäster i 
skidans bindning.  Lådan fungerar som uppsamlare av skräpet som bildas när man vallar 
skidor och som förvaring av vallatillbehör när den inte används. Hur valla-tillbehöret ska 
placeras är ännu inte fastställt men tanken är att det ska utvecklas en specifik väska som 
passar in perfekt i valla-boxen och som har plats för alla de vanliga tillbehören. Denna 
väska ska sedan gå att plocka ur när man vallar och placera tillbaka i boxen efter utförd 
vallning. 

Keywords: Product development, Cross-country skiing, Ski waxing, Wax-bench, Industri-
al design engineer, Wax-bench

Nyckelord: Produktutveckling, Längdskidåkning, Skidvalla, Vallabänk, Teknisk design, 
Vallabänk
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1. Introduction

Figure 1. Snow by the lake, Säter
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1. Introduction
Waxing skis is something everyone that is skiing have some sort of relationship to, either 
people wax their skis themselves or they send them to someone to wax. Another alterna-
tive is to choose skis that don’t need to be waxed. Either way they have to think about the 
advantages and disadvantages of waxing when choosing skis. This master thesis mainly 
focus on those people that wax their skis by themselves at home.

In Sweden about 16% of the people cross-country skiing every winter (SCB, 2018), and 
in general most of the skiers wax their own skis. Some problems that occur when waxing 
skis at home is that the ski is not lying still, waste fly everywhere and heating the wax may 
produce toxic gases. In this project a ski waxing-box created by Patrik Tynell that collect 
the waste when waxing will be developed further. 

1.1. Background 
This thesis is a development project developing a ski waxing-box for cross-country skiers. 
The starting point for this project is a wax-box Patrik Tynell created, he produced a num-
ber of them in his basement a few years ago and he is now ready for the next step: To make 
his idea greater and more “productified”.

His idea is a wax-bench in a box that collects the waste that is produced when waxing skis. 
Today it’s a box made out of wood and is foldable, see figure 2. This project is executed in 
collaboration with Dalelven product development AB.

The main functions this model have and that the final product should perform is:   

• The main functions this model have and that the final product should perform is:   
• Adjustable profiles lengthwise - for different ski length
• Attachment point is adjustable in height - for different ski length and flex  
• Collect waste when waxing - easier to clean up after 
• Could be used inside - put it on your kitchen table
• Store accessories - everything you need could be placed inside when folded 

There are a few main parts I’m going to look extra at that Patrik mentioned as problems 
with the existing design, for example the part where the ski attaches to the box, it’s suppo-
sed to be adjustable but the wood have been worn down and made it very hard to adjust. 

1.2. Stakeholders
This project is performed in collaboration with Dalelven Product development AB, but 
the project originates from Patrik Tynell. He made this first prototypes a few years ago 
because he saw a request for this type of product in the skiing community. In this project 
Patrik is the inventor of the idea and he will be involved in big decisions in the project.

Dalelven AB is a consult company that have provided me with this project. The company, 
through a supervisor Ulf Frank, will support me with knowledge in the product develop-
ment process and will work like a “sounding board” if needed.  

The target users of this product are individuals who waxes their own skis. These users wax 
their skis maybe a few times a week and the skis length can differ from short children skis 
to long adult skis. They usually does not have a specific place in the house or garage to wax 
and don’t like standing out in the cold while waxing.

Other stakeholders in this project will be Luleå University of Technology that are invol-
ved in this master thesis project as it will show them my level of knowledge and skills, to 
examine me as  an industrial design engineer. A supervisor, Peter Törlind, at LTU will be 
guiding  me during the project and to give valuable tips. 

1.3. Objective and aims
The aim with this project is to improve the experience of waxing skis for cross-country 
skiers. This will mainly be done by reduce the cleanup time and by make it easier to store 
wax accessories.

At the end of the project my objective is to have found out what accessories the skiers 
need when waxing skis, which the basic demands are for a wax-bench to work properly 
and finally develop a design for the wax-box that are both functional and aesthetically 
appealing.  This will be done by researching cross-country skiing, the waxing process, and 
by interviewing skiers. The research will then be used to develop and design the wax-box.

• To accomplish this I set up these research questions:
• How should the wax-box be designed?
• Which are the basic demands for the ski wax-box to work properly?
• What accessories do the skiers needs when waxing skis?

1.4. Project scope
This thesis project will go on for 20 weeks of full time studies, which translates into 30 
swedish university credits. The time limit will constrain the final result, I will probably not 
have time to make strength calculation in this project. After the project have ended the 
product will not be ready for production right away. 

Figure 2. The wax-box to develop futher.
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1.5. Thesis outline
This thesis is divided in  ten chaptes, hera an overview of the content in the chapters is 
presented.  

Chapter 1 Introduction

This chapter consists of an introduction to the thesis with its background and aims. The 
stakeholders are presented and an overview of the entire report can be find.  

Chapter 2 Context

The second chapter gives the context of the product, what the project started whith and 
some basic information about cross-country skiing and ski-waxing. 

Chapter 3 Theoretical framework

In the third chapter theories relavant for the project is presented. The theories circuts 
around industrial design engineering, humans and materials. 

Chapter 4 Methods and implementation

This chapter describes the methods used throughout the project and how they have been 
implemented. 

Chapter 5 Result

In this chapret the result from every phase of the project will be presented exept the con-
tect part of the first phase in the project, that is presented in chapter 2. 

Chapter 6 Final result

The sixt chapter present the final result from the project. It will include renderings and 
descriptions of the final consept. 

Chapter 7 Discussion

Here the project is discussed in formes of; did the project go as planed? what could have 
been done diffrently? Is the result  doable? what need to be done next?

Chapter 8 Conclussion

This chapter concludes the result. 

Chapter 9 Reference

This chapter consists of the references used throughout the project listed with APA refe-
rence style. 

Chapter 10 Appendices

The final chapter will consists of appendices referred to in the report. 

2. Context

Figure 3. Tracks in the snow, Säter
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This chapter will give context to the project with information about the current stage and 
relevant information about cross-country skiing. Relevant information is basic knowledge 
and history of cross-country skiing, how the bindings work, ski waxing and what happens 
when ski wax is heated and information of what a wax-bench is. 

2.1. Current state
Today the product is a box made mostly of plywood with two profiles that slides in slots 
that only uses friction to be held in place, see figures 5-10. The profiles are milled from 
wood pieces. The product is made simple with methods easy to perform at home and it is 
put together with nails and glue and is hand painted. The box fastens on a table with two 
clamps that is going through two holes in the box, see figure 6.  When folded the box is 
held closed with a simple eccentric lock, see figure 7.

The idea inventor Patrik says that the main problem with the current design is where the 
ski attaches to the box, it is supposed to be adjustable, but the wood has been worn down 
and made it very hard to adjust. He also thinks the production method and material is not 
optimal for production in a larger number. Those products that exists today are made by 
Patrik in his garage and they are very time consuming to make. The wood material makes 
the product heavy because it is a living material and therefore needs a certain thickness.

Patriks vision with this product is that it is a box that you can take with you and put up on 
any table and that contains all you need to wax your skis. He also has a vision to develop 
a stand for it, so it could be used out by the track. The biggest advantage from regular 
wax-benches is that this one collects the waste that is created when waxing. He says that 
this makes it possible to wax the skis inside for example a cabin without leaving wax-resi-
due all over the place. 

To get a greater understanding of the waste and where it goes when waxing skis, I tried 
wax a pair of skis. In Figure 4 I am going through the basic steps when glide-waxing, first 
applying the wax by melting it on the wax-iron and let the wax drip on to the skis glide 

Figure 5. How the wax-box look today , with some mesurements 

Figure 6. How the wax-box is fasten on a table Figure 7. The eccentric lock

Figure 8. The profiles Figure 9. Closed 

Figure 4.  Me waxing skis

2. Context

Figure 10. Topp view
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Figure 11. Vax residue

zones. Then the wax is evenly spread across the ski by gliding the wax-iron on the wax. 
When the wax has cooled down the wax is scraped off with a sickle. Only the wax in the 
pores of the ski will be left, which gives the ski better glide. In figure 11 some of the waste 
that fell down on the floor can be seen, the waste is behaving like stearin which make it 
hard to get everything of the floor. 

2.2. Cross-country skiing
Cross-country skiing is a sport that has been around for a long time, according to Watters 
(2015) cross-country skiing has its roots from at least 6000 BC. Today about 16% of the 
swedes go skiing every winter (scb, 2018). Watters (2015) say that before the 20th century 
skiing was a way of transportation and that the same skis was used for cross-country and 
downhill skiing. Today there are different skis depending on which type of cross-country 
skiing, skate or classic.  

2.2.1. Ski binding
The two most common ski bindings are Rottefellas NNN and solomons SNS. Skihausre-
desig (2013) thinks that they are both equivalent and means that you should choose those 
boots that fits the best and choose bindings after that. Pearson (2017) present a few more 
bindings and that you need the right binding for right skiing type. But overall, they’re all 
based on a pin at the toe of the boots that will connect to the binding on the ski, see figure 
12 for some different shoes. This is important to know because the ski wax benches exis-

ting today usually use this pin connection to fix the ski to the bench. The ski-bindings can 
be very different from each other but still fit to the same pin. 

2.3. Ski waxing
On SwixSport AS YouTube channel (2011) Gunde Svan, notorious ski champion, presents 
a waxing guide in 5 parts where he explains how to wax skis for different conditions. He 
explains the basic tools needed and how to wax. There are three basic wax types, glide wax, 
kick-wax and klister wax.

Glide wax are always used, when skating glide wax are applied on the whole ski but when 
skiing classical style, it’s only used at the top and bottom of the ski. In the middle part 
of the ski when skiing classical style kick-wax or sticky wax is applied depending on the 
weather conditions. Both these waxes are to get attachment in the snow. In figure 13 an 
illustration of where to apply the wax is seen. The different wax types have different areas 
mainly because they build various thickness. Kick-wax are used in temperatures around 
and below 0 degrees Celsius and sticky wax are typically used in temperatures above 0 
degrees. When applying the glide wax and kick-wax the wax is heated up with a wax-iron. 
There is some more wax type for the grip zone like tape and skin, those types are applied 
like a bandage, and can be used throughout a whole season and are usually only used 
when practicing. 

2.3.1. Heated Wax:
According to Manske (2013) ski wax can be harmful because of airborne chemicals that 
are released when heating the wax. The harmful gases come mainly from the waxes con-
taining flour. Even after it went clear that the vapor was bad, most skiers, coaches and 
teams still use facilities with no or very poor ventilation, without using respirators. But the 
Swedish elite has a specially designed ventilated wax truck, which has significantly decrea-
sed the harmful substances in the technician’s blood (Manske, 2013). If we look back a few 
years too 1998, ski wax was considered non-harmful (Bracco & Favre, 1998) even though 
very little was known about what happened when heated. During that time the wax was 
heated with an iron that where at least 200-220 degrees Celsius (Bracco & Favre, 1998). 
Today Freberg et al. (2014) says that skier use a wax iron up to 180 degrees. This lower 
temperature creates less gas and is less harmful for the skiers. 

2.4. Wax-Benches
When waxing skis there are some special devices that holds the skis in place. Those de-
vices are called “vallaställ” in Swedish, but it’s hard to find a precise translation, but the 
name that seemed to be most commonly used is wax-bench. Therefore will those devices 
be called wax-benches in this thesis report. A wax-bench does not necessarily consist of a 

Figure 12. Diffrent cross-country boots bottomside (Pearson, 2017)

Figure 13. Were to apply the diffrent wax types 
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3. Teoretical framework

Figure 15. Skiing through the woods, Säter

bench as the name might imply.

A wax-bench basically consists of two profiles to rest the ski on, one for the front part 
and one for the end part of the ski, some sort at fastening device that holds the ski still 
while waxing and some kind of legs to give it an appropriate work height. In figure 14 
the different part of a wax-bench is marked out. There are many different version of the 
wax-bench, some have room for two skis at the same time, and some are more of a table 
with storage surface. Different wax-benches will be analyzed in the market research and 
benchmarking chapters. 

Figure 14. Wax-bench with the basic part marked
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3. Teoretical framework
The theoretical base for this project can be divided in four groups, see figure 16, the base 
of the education for this master thesis with theories about industrial design engineering 
and product development. The human factors of the user of the product, including theory 
about ergonomic and usability. More specific theory for this project with waxing-pro-
ducts, like cross-country skiing, ski waxing and wax-benches, that is was presented in the 
context chapter. And finally theories about the materials and its production methods.

Figure 16. Theory mapping. 

3.1. Industrial design engineering
Industrial design engineering lies on the border between engineering design and indu-
strial design (Johannesson, Persson, Pettersson, 2013). While engineering design target 
the construction side of development an industrial designer focus on designing the shape 
and look of the product. Johannesson et al. (2013) says that product development involves 
both construction and industrial design and are therefore perfect for an Industrial design 
engineer. Horenstein (2005) states that “An industrial design engineer is concerned with 
the total life cycle of a product, from the moment of its inception to its eventual disposal 
and recycling of its raw materials” (p. 7).

Tovey (1997) presents the definition of engineering design as “the use of scientific princip-
les, technical information and imagination in the definition of the mechanical structure, 
machine or system to perform prespecified functions with maximum economy and ef-
ficiency” (p. 8). In contrary to the definition for industrial design “the practice of analy-
zing, creating and developing products for mass manufacture. Its goal is to achieve forms 
which are assured of acceptance before extensive capital investment has been made, and 
which can be manufactured at a price permitting wide distribution and reasonable profits” 
(Tovey, 1997, p. 8). An industrial design engineer combine both engineering design and 
industrial design to develop products with support of both best practices and theories..

De Vere, Melles and Kapoor (2010) state that “Product design is the convergence point for 
engineering and design thinking and practices.” (p. 33). They also say that product design 
has not been taught as a program, instead it has been taught as a component of mechanical 
engineering or as a subject within design school. De Vere at al. (2010) also states that there 
is a need for greater synergies between industrial design and engineering training and 
talks about a new interdisciplinary programme called Product design engineering (PDE) 
that combines the strengths from industrial design and engineering. When combining 
De Veres (2010) definition of product design engineering and Johannesson et al. (2013) 
definition of industrial design engineering it’s clear that product design engineering and 
industrial design engineering is two names for the same thing.

Thinking about the design part of industrial design engineering Friedman (2000) pre-
sent six general domains of design and one of them are technology and engineering. In 
figure 17 all six domains is presented in Friedmans (2000) circular model. For an Indu-
strial design engineer technology and engineering is the focus domain. Friedman (2000) 
says, “Design may involve any or all of these domains, in differing aspect and proportion 
depending on the nature of the project at hand or the problem to be solved.” (p. 11). In 
another article Friedman (2003) states “The goal of design is solving problems, meeting 
needs, improving situations, or creating something new or useful.” (p. 508).

For this project industrial design engineering is important because it will go through a 
development process including both the engineering side including construction and the 
industrial design part including shape and material.

3.2. Product development 
Mital, Desai, Subramanian & Mital (2008) states that product development is a generali-
zed and comprehensive process of conceptualizing, designing, producing, and selling  a 
product. Ulrich & Eppinger (2012) states that the activity of product development need 
contributions from almost every function of the company. They says that the most central 
functions is marketing, designing and manufacturing. Where marketing includes the inte-
ractions between the firm and its customers, designing defining the physical form to meet 
customers needs, and manufacturing is to coordinate to be able to produce the product. 

Ulrich & Eppinger (2012) also says that few product are developed by one single person, 
there is usually a team of individuals. The team should have one team leader, who cold be 
from any function of the firm (Ulrich & Eppinger, 2012). According to Mital et. al. (2008) 
the information that indicates what people want is the key to product development. The 
knowledge of what functions the user want, what the user is willing to pay, the market and 
competitors is essential. Mital et. al. (2008) states that “Any product development strategy 
that is not based on market needs will lead to failure” (p. 17).

Mital et. al. (2008) study the key factors for a successful process and define it by cost, 
quality, product development time and development of know-how. Ulrich & Eppinger 
(2012) also present the same characteristics for a successful process but divides them into 
the five subjects; product quality, product cost, development time, development cost and 
development capability.   

Figure 17. Friedmans six domains of design 
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This project will consist of  a one woman team, which according to Ulrich & Eppinger 
(2012) may not be optimal for a product  development project, but input to the project will 
come from supervisors and the idea inventor and other people that might get involved in 
the project. 

3.3. Usability
Bevan, Kirakowski, and Maissel (1991) say that the word usability arose about 1980 to 
replace the term user friendly. They also explain three views of usability, these are a pro-
duct-oriented view, a user-oriented view and a user performance view. They conclude 
that the usability lies in interaction between the user and the product and can only be 
measured accurate if all tree of this is assessed: user performance, user satisfaction and 
user acceptability.

ISO 9241-11 defines usability as “Extent 
to which a product can be used by speci-
fied users to achieve specified goals with 
effectiveness, efficiency and satisfaction in 
a specified context of use.” Morville (2004) 
illustrates user experience with a honey-
comb consisting of seven parts, see figure 
18 where one part is usability. He says usa-
bility is vital but not sufficient for a great 
user experience. Moville (2004) also states 
that user experience is a big hive, were there 
still is room to build new boxes for at least 
ten years. That bring out the question which 
new dimension have been included in the 
user experience since then. 

For this project the focus lies on the usability part of user experience, but the goal is to give 
the user a great user experience. The product-oriented view of usability includes ergono-
mic attributes of the product. The user-oriented view includes the mental effort required 
by the user. The user performance view is how the users interacts with the product, but 
this view will not be evaluated since the project ends before having a full scaled prototype 
of the product to test. 

3.4. Ergonomic
Brinkerhoff (2009) define ergonomics as “Ergonomics is the science of designing the job, 
equipment, and workplace to fit the worker. “ (p. vii). Salvendy (2012) says that Human 
factors can be used as synonymous to ergonomics and that it contributes to the design to 
make the product compatible with the people that’s going to use it. Salvendy (2012) thinks 
that in the future the ergonomics should drive the technology and not the opposite as it 
is now. 

In his book Salvendy (2012) presents a checklist to use when designing ergonomically. All 
questions may not be relevant for al designing processes. The checklist is divided in six 
subgroups: 

Figure 18. Morvilles (2004) honeycomb illustraton of user experience 

• Including anthropometric, biomechanical and physical factors 
• Factors related to posture 
• Factors related to manual materials handling
• Factors related to design of tasks and jobs 
• Factors related to information and control tasks 
• Environmental factors 

From the questions it appears that if a task include lifting 23 kg frequently is not god. The 
work should be performed as close to the body as possible and the body joints close to 
their neutral positions. And the handgrips should be fitted to the loads and positions. 

In this project ergonomics is important to have in mind for the product will be used by hu-
mans. When the product is in use things to take in mind is the working height, the reach 
of the user and where, in relation to the body, the work will be performed. 

When the product is carried things like the weight and handle can affect the ergonomic, 
therefore some theory about hand ergonomic is presented below. 

3.4.1. Hand ergonomic 
The hand is a complex part of the human body and its functionality is depended on a 
deeply developed anatomy and a high sensory capacity (Bogard et al. 2011). When using 
a hand tool there is important to look at the characteristics of the mechanical output, tool 
mass and center of gravity, tool dimension and grip characteristics, possibility to use dif-
ferent grips and the grip surface characteristics (Kadefors, Areskoug, Dahlman, Kiibom, 
Sperlingt, Wikstriim and Oster, 1993). The mechanical output of the tool can be force, 
torque or acceleration.

Besides the tool it´s important to look at the task characteristics, force, precision and 
duration (Kadefors et al. 1993). In their classification of hand grips, they defined that an 
average young woman can handle a force of 400 Newton when taking a transversal grip. 
Bogart et al. (2011) on the other hand states that a force of 300 Newton for women and 500 
Newton for men is the maximal force for transversal grips. Other grip types are two-hand 
grip with maximal forces of 540N for women and 900N for men, diagonal handgrip 150N 
respective 250N. The lesser the force the greater precision (Bogart et. al., 2011).

The product developed in this project should be able to carry, therefore is it important to 
adapt the product for the human hand to carry. The product will be carried in a handle 
using a transversal grip. The goal is that the products weight would not exceed a force of 
300 Newton in the grip, when carrying the product

3.5. Materials
A product can be made of a bunch of different materials, In this chapter some of those 
materials that have been investigated throughout this project is presented. More materials 
have been checked during the project but these three are the ones that have been recurrent. 

3.5.1. ABS-Plastic 
The development of Plastic materials bloomed after the  second world war and the early 
plastic materials was only used for simple details without any restriction in strength (Jo-
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hannesson et. al. 2013). Then engineering plastics made an appearance with good charac-
teristics in strength, environmental and life length, that started to replace metalls (Johan-
nesson et. al. 2013). Today plastic is divided in three types, thermoplastics, thermosets and 
elastomers. 

Thermoplastics is meltable plastics that makes it possible to recycle the plastic by melting 
it down and create new products (Johannesson et. al. 2013). Thermoplastics can be used in 
a wide range of products and exists in range of different variants with different properties, 
and are usually formed by injection moulding but other methods are also usable (Johan-
nesson et. al. 2013). 

ABS- plastic ( Acrylonitrile butadiene styrene)

ABS-plastic is a thermoplastic that is suitable for many different manufacturing methods, 
like  injection molding, thermoforming, blow molding and extrusion (Klason, and Kubàt, 
1978). ABS can be find in a lot of different product such as dashboards, kitchen applian-
ces, toys, furniture and suitcases. The plastic have good thermal properties and have high 
impact strength, surface hardness and surface finish (Klason, and Kubàt, 1978).

3.5.2. Aluminium
Aluminium is a metal element that can be used in a wide range of products from alumi-
nium foil and cans to cars, boats and airplanes (svenskt aluminium, n.d.). Aluminium is 
the second most used construction material after steel (Johannesson et. al. 2013). Some of 
aluminiums properties is that it have a low weight, good moldability, easy to recycle and 
are corrosion resistance(svenskt aluminium, n.d.). Aluminium can be extruded to profiles 
with different cross sections, which is used later in this report (Johannesson et. al. 2013).

3.5.3. Sail-cloth
Sailcloth are a fabric material most commonly used for boat sails, but the material is also 
used for sun blinds, tents and shoes because of its outdoor condition resistance. According 
to Doyle Sailmakers (n.d) there are two types of sailcloth, one woven and one laminated. 
The woven sailcloth was in the beginning made of woven flax then cotton but now is usu-
ally constructed from dacron, but other fibers such as kevlar, spectra and pentex can be 
used.  The factors that primary effects the quality and cost of the woven sailcloth is yarn 
quality, yarn content, tightness of the weave and type of finish. Doyle Sailmakers (n.d) says 
that the price range can differ from 0,35 $ to 1,10 $ per square foot. Which roughly is 33 
to 105 SEK per square meter. 

When the laminated sailcloth appeared in the 1970s it change the world of sailmaking 
(Doyle Sailmakers, n.d). There are mainly three reasons for the continued growth for la-
minated sailcloth. “

• Lamination is the most effective method of combining materials with different  
 characteristics to maximize the advantages of each. 
• Films such as Mylar® and PEN are extremely efficient in reducing stretch in all  
 directions which is particularly useful in the “off threadline” directions. 
• Laminates allow fibers to be placed in a straight, uninterrupted path, which  
 results in the most efficient utilization.  “

4. Method

Figure 19. Children skiing, Säter
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4. Method
In this chapter the methods used will be presented and how I used them. The methods will 
be based on theoretical foundations also presented in this chapter. The implementation of 
the methods will be shown here and the result can be found in the next chapter.

4.1. Process
To choose the approach for this project an investigation of a few approaches was perfor-
med. One of them was Ulrich and Eppinger (2012) development process consisting of 6 
phases, 

• Planning (phase 0)
• Concept development (phase 1)
• System-level design (phase 2)
• Detailed design (phase 3)
• Testing and refinement (phase 4)
• Production ramp-up (phase 5)

Figure 20 shows some methods that could be included in the different stages, as can be 
seen many methods can go on for more than one phase or be used in more than one phase. 

Another process is Bohgard et al. (2011) development process also consisting of 6 phases. 
Those phases are: 

• Requirements identification  (phase 1)
• Plan  (phase 2)
• Requirement specification  (phase 3)
• Conceptual design  (phase 4)
• Detailed design  (phase 5)
• Construction (phase 6)

For this project I choose a modified version based on Boghard et. al. (2011) process, most-
ly because this project won’t come to the last phase of Ulrich and Eppinger (2012) process 
and that it’s a process I gone through before. 

In this modified approach I have merged the first and the third stage to one requirements 
identification stage where I have delivered a product requirement specification. In this 
project the last stage is partly beyond the project scope and I will therefore merge those 
parts in to the detailed design phase and rename it to detailed design and construction. 
For this master thesis a literature review is required, that was performed parallel to the 
phases requirements identification and conceptual design. Alongside the development 
process the project report has been written. To finalize the project a last phase of final de-
sign och documentation is added where I present the final design and finalize the report. 
In figure 21 a visualization of the process can be seen. 

4.2. Project planning
The plan is a living document that is corrected and modified during the project depending 
on how the work progresses (Bohgard 2011). The plan should include an overview over 
the process and the resources. The plan included introduction, project approach, project 
management and project organization. In the project management part a time plan for the 
project was set up as a gantt-chart. A gantt-chart is according to Johannesson et. al. (2013) 
a method to plan the time in a project  created by Henry Gantt. The time is visualized in a 
coordinate where the activities is placed on the y-axis and the x-axis represent time. Then 
the duration of the different activities is shown as lines in the coordinate. Johannesson et. 
al. (2013)  claims that the method is unsurpassed when it comes to fast show a projects 
time consumption and activities start and end point. 

Figure 21. Project approach 

Figure 20. Ullrich and Eppinger (2012) development approach 
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4.3. Literature review
The theoretical framework was accomplished by a literature review. According to Milton 
and Rodgers (2013) a literature review has four main stages, those stages are issues, litera-
ture search, literature evaluation and analysis and interpretation. They also claim that ”the 
purpose of a literature review is to gain an overview of the significant literature published 
a particular topic that will allow the design team to develop an informed opinion and per-
spective on the subject.” (p.50).

The first stage, issue, aims to define the main issues to explore. The second stage, literatu-
re search, is to locate relevant literature dealing with the issue. The third stage, literature 
evaluation, is to evaluate which literature will give significant contributions to the review. 
In the last stage, analysis and interpretation, the relevant findings and conclusions from 
the literature is analysed and interpreted.

In this case I have used different search engines online to find relevant theory. I have 
mainly used LTUs search engine, EBSCO host, for academic papers, but Google scholar 
and regular Google have also been used. The databases that have been used is mainly those 
my LTU credentials gave me access to, due to it might get expensive to have to buy artic-
les. I also used YouTube to get a greater understanding of the different phases the user is 
going through when waxing a pair of skis. It’s easier to understand when seeing someone 
actually wax a pair of skis then to just read about it.  

In the literature search I for instance used the search words industrial design, industrial 
design engineering, design engineer, design, product development, usability, ergonomics 
+ handtool, ergonomics + grip, hand anatomy, hand strength and cross country skiing. I 
got a lot of hits and did not have the time to go through them all. I started from the top of 
the search and looked at the titles and keywords first, if they seemed to have the informa-
tion I was looking for, then I read the abstracts and if they still seemed to have the right 
information I started to evaluate the articles. Then I finally analysed and interpreted the 
information and wrote a text that had the most relevant findings. 

4.4. Requirement identification
To identify the requirements for this product, I first had to analyze the existing product, 
the market and listen to what skiers thinks. This was done by first analyze the product to 
develop. Then a survey was sent out to get an overview about skiers wax-habits and equip-
ment. I then looked at the market, what are they selling in stores or internet stores. Then I 
benchmarked the different brands and versions, with focus on the ones that most people 
have according to the survey.  In the end I interviewed a few skiers.

4.4.1. Current state
The project started by investigate the current state of the existing product. This was done 
by examine the product, and by hearing what thoughts Patrik had about the product and 
where he sees it in the future. He knows this product best and knows its advantages and 
disadvantages. The product was investigated by measuring, analyse functions like the 
adjustable profiles and the adjustable attachment point. This result is already presented in 
the context chapter. 

4.4.2. Survey
A survey as a subjective method that can collect a lot of quantitative data in a short period 
of time (Bohgard et. al., 2010). Patnaik and Becker (1999) states that surveys and other 
market research methods are traditionally used to get information about people. They say, 
“These methods work well in quantifying customers’ preferences among existing solution 
options, but they do little to identify the needs people can’t readily articulate.” (p. 38 Pat-
naik & Becker, 1999). This survey aims to give an understanding for skiers wax-habits and 
thoughts about their wax-benches. To distribute this survey among skiers it was published 
on the forum skidforum.se where it was open for about one week. At this forum I was sure 
to find skiers, but something to have in mind is that skier that use ski-forums are the more 
active skiers than most of the recreational skiers. 

The survey was performed in Swedish and the question asked is presented here translated 
to english, most of the questions had prepared answers and a “other“ alternative, but ques-
tion 9, 10 and 13 had open answers. For the survey in hole see appendix 1. 

1. Sex?
2. Age?
3. How often do you go cross-country skiing during the winter season? 
4. How often do you wax your skis with kick-wax?
5. How often do you wax your skis with glide-wax?
6. Where do you place the skis while waxing?
7. If you have a wax-bench (or multiple) which brand/-s?
8. How satisfied are you with your wax-bench? (1-6)
9. What is the best with your wax-bench?
10. Is there anything you wish were different with your wax-bench?
11. Is it desirable to be able to fold the wax-bench and take it with you, for instance  
 to competition, ski vacation or the ski track? 
12. Do you experience it difficult to clean up after waxing?
13.  Something you think I should think about when developing a wax-bench? 

4.4.3. Market research
Johannesson, Persson and Pettersson (2013) says that the market research is an impor-
tant first step in the product development process. They says a systematic analysis of the 
market need to be done, especially in a for the company  unknown market, investigating 
customer categories, market potential, market penetration and market share. Besides that 
Johannesson et. al. (2013) say that  product information from competing products and 
other known technical solution is needed.  To gain knowledge all possible informations 
sources is useful (Johannesson et. al. 2013). 

Canada business (n.d.) says that the goal of a market research is to be able to make an 
informed business decision. To make a good market research it’s important to set up goals 
for what you will accomplish. Entrepreneur (n.d.) defines it as “ The process of gathering, 
analysing and interpreting information about a market, about a product or service...” (first 
paragraph). In this case my research focus aimed at the product, what products exist in 
this genre and what people want.
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To see what the market offers I have looked around in stores that sell cross-country skiing 
equipment both in sporting goods stores and on internet stores. I have also find out what 
equipment that is needed when waxing skis. The product is supposed to hold all necessary 
equipment but to make sure it does, I had to find out what a complete wax-bag should 
include. To gain that knowledge wax-tutorials on youtube was analysed, what tew said was 
the most essential equipment.  

4.4.4. Benchmarking
Westling (2012) says that to benchmark is to compare, with the focus being learning from 
other companies or products. It’s a way of learning from the best, that not necessary comes 
from the same branch. Sort of taking the good and leave the bad to make a greater pro-
duct. She says that the first step of benchmarking is to look at the own product or company 
first and define what to compare.

I have compared different brands and their different assortment of wax-benches. The fo-
cus was in the brands most popular according to the survey. I compared how they attach 
the ski, the cost and the weight. I also analysed if the wax-bench was limited to a certain 
ski length. The analysis was mostly done on the internet because of a lack of product range 
in stores.

4.4.5. Interview 
Interviews is performed to get intel from the users about their experiences, opinions, atti-
tudes, motivations and behaviors about a product or service or to gain information from 
experts (Wikberg-Nilsson et. al. 2015). Wikberg-Nilsson et. al. (2015) says that interviews 
can be used at multiple occasions during the process, in the beginning to get input on ex-
isting products or later in the process to get feedback on concepts.  

I performed some semi-structured interviews based on Bohgard et. al (2010) interviewing 
technique. They say that interviewing is a method to gain information about what people 
think, and to get some qualitative input. In these semi-structured interviews, I had deci-
ded some questions, but where ready to make follow-up questions and welcome the in-
terviewed people to develop their answers. The interviews were performed at Bergebo ski 
marathon (3/2-18) and I mainly interviewed people that had their wax-tables with them.

The core questions were how often they are skiing and waxing their skis. Then I asked 
about their equipment, what brand they had on their wax-bench, if they had modified it in 
any way, how stable they experience it and if they have different benches at home and out 
in the field. I also asked about the attachment point, which they have and what they prefer 
and why. Al questions and answers can be seen in appendix 2. 

4.4.6. Task and function analysis 
To map the tasks that need to be carried out to wax a pair of skis I made an HTA (Hierar-
chical task analysis) also called WBS (Work breakdown structure) where I broke down the 
task of waxing skis. Bohgard et al. (2010) says that the HTA is used to describe which steps 
the users have to go through to complete a task. The analysis starts with the main task that 
is then divided in to the subtask that then is divided into smaller tasks until the requested 
detail have been reached. Workbreakdownstructure.com (2018) says that “The work bre-
akdown structure visually defines the scope into manageable chunks that a project team 
can understand, as each level of the work breakdown structure provides further definition 
and detail.” (first paragraph).  I took the action of waxing skis and broke it down as far as 
I saw necessary. 

4.4.5. Product requirement specification
The product requirement specification (PRS) determine what the product or system will 
execute (Bohgard et al. 2010). These requirements may be ergonomic, economic, functio-
nal, quality, aesthetic or production requirements. The requirement specification should 
not include how the problem will be solved.

Salustri (2017) claims that it´s three main reason why it’s important to document the re-
quirements, those are:

• “They constitute a formal, consistent, and reliable definition of the expectations  
 for a suitable design intervention for a specific imbalance.
• They help the team members develop uniform and consistent mental models  
 of what they’re supposed to do, which helps ensure the team works well together.
• They often constitute part of a (legal) contract between clients, designers,   
 users, and sub-contractors regarding each group’s obligations to the overall   
 project.” (Salustri, 2017, chapter Why do we develop a PRS?) 

To create the PRS for this project the result from earlier stages in this phase was analysed 
and the relevant and critical requirement was identified. Both demanded functions and 
desirable functions. 

4.5. Conceptual design
In this phase ideas have been generated, mostly by myself but also with the help of some 
colleagues at Dalelven. The ideas have then been clustered together and six idea groups 
have been developed further to six more detailed Ideas. Those six developed ideas have 
been analysed with an evaluation matrix and the three ideas that score the highest will be 
developed further in the next phase.  

4.5.1. Brainstormning
Brainstorming is a method to generate a great amount of ideas and was created by Alex 
F. Osborn. The method now exists in a number of versions and build upon stimulating 
creativity by hearing and seeing other ideas (Wikberg-Nilsson, Ericson, Törlind, 2015). 
Österlin (2010) say that the method is well known and works good in groups of 3 to 6 
people and that the atmosphere in the group should be relaxed and positive. Everyone in 
the group have to speak their minds and share their ideas, otherwise there is no point of 
working in a group (Österlin, 2010). 

Both Wikberg-Nilsson et al. (2015) and Österlin (2010) agrees that there are four rules to 
follow when generating ideas with brainstorming, those are: 

• Don’t criticize, not your own nor others ideas 
• Aim for wild and crazy ideas, stepping outside the box is encourage 
• 1+1=3 combine and improve ideas 
• Aim for quantity over quality   
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In this case a group of four people from Dalelven and myself sat down for a brainstorm 
session.  I wrote down the ideas that came up on a whiteboard. The group was very result 
oriented and focused on different manufacturing methods to accomplice a box in those 
proportions of the original model, which might have limited the range of ideas and outsi-
de the box ideas.

4.5.2. Braindrawing 
Brainwriting and braindrawing is a method for generating ideas, and is done in four steps 
(Van Boeijen, Daalhuizen and Zijlstra, 2014). First define the problem, secondly diverge 
from the problem, third make an inventory, evaluate and group the ideas, and finally con-
verge. This method is usually performed in groups of 4 to 8 people, where everyone draw 
and write the idea on a note and then send the idea to the next participant. The person 
getting the idea can then create a new idea based on the last one, develop it or create a 
completely new idea. 

Wikberg-Nilsson et al. (2015) claims that the rules from brainstorming also should be 
applied here. To keep the creativity alive and to get many ides is it important to draw every 
idea, even the craziest ones.  

Since I perform this project alone, a modified version of the method was used. As Van 
Boeijen et.al. (2014) describe, a problem should be defined initially. The problems used 
here are defined in the product requirement specification and since it’s just me, the only 
ideas to work with are my own. 

I started by generating ideas of the bigger picture, how the product could look in greater 
perspective. The focus was on the collection function, how could the waste be collected 
while waxing skis. Then a separate braindrawing session on the attachment part and the 
profiles was performed. I had braindrawing sessions both before and after the brainstor-
ming session. 

4.5.4. Cluster and develop
To get a more foreseeable view over all ideas I clustered them together into six idea groups 
plus some wildcards that I sorted away. Then I developed those six ideas further, sketched 
them in Alias to gain the right proportions and made new sketches using the method 
overlay.  

Table 1. Evaluation matrix

4.5.4. Evaluation matrix
Michanek & Breiler (2007) describes a decision-matrix method from 1951 called Kass-
lering, in this method the selection criteria are placed on one axis and the different ideas 
or concept on the other.  The ideas are then graded for every criteria, usually a numerical 
scale is used but sometime a scale consisting of plus (+), neutral (0) and minus (-) is used 
or other relevant scale. If a different criteria is more important than the others the matrix 
could be weighted. In that case every criterion gets a percent of the whole, the sum should 
be one hundred percent. Michanek & Breiler (2007) states that this method has a number 
of successors, like Pugs matrix from 1990 or Ulrich and Eppingers model for concept se-
lection from 2000. 

This method was used to evaluate and decide which ideas to develop further. The criteria 
were taken from the product requirement specification and a subjective criterion of the 
products appearance. The scale was set to 0-3 where 3 means that the idea fulfils the cri-
teria the best and 0 not at all. That did not necessary ment that 0 to 3 was used in every 
criteria. Score was mainly set depending on how the idea fulfilled the criteria in compa-
rison to the other ideas. In table 1 the matrix with the criteria on the y-axis and ideas on 
the x-axis can be seen. In this case the 6 ideas developed was evaluated. In this evaluation 
an approximation was made that all concept used the same profiles and attachment point. 
Those parts will be developed further later on in the project. 

4.6. Detailed design and construction
In this phase the three ideas that scored the highest in the evaluation matrix was develo-
ped further into concepts. The attachment part and the profiles were developed further. 
Then the concepts were evaluated in a meeting with Patrik and Ulf. We discussed the three 
concepts and came up with a decision. The chosen concept was then developed further. 

4.6.1. Concept development 
All three concept was created in SolidWorks where I easily could make changes and try 
different things. The profiles and attachment point also got a CAD-drawing. All three 
concepts was assembled and gave a wholeness for the concepts. 

4.6.2. Concept choice 
Ulrich and Eppinger (2012) says that when choosing concept the different concept is ana-
lysed and sequentially eliminated to identify the most promising concept. In this project 
the final concept was chosen during a meeting with Partik and Ulf where I presented the 
different concepts. We discussed the concepts to find pros and cons and finally decided 
which concept to take further. To get the selected concept to work a few changes was de-
cided. 

4.6.3. Detailed design
In this phase the selected concept is being developed. The feedback from concept choice 
will be implemented in the design and the details of the concept is decided. All changes 
will be updated in the CAD-model. 
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4.6.4. Product cost estimate
A calculation of what this product might cost to produce is performed. The calculation is 
not complete and exact but gives a estimated price range. Material cost changes och priced 
differs from different suppliers, but I focused on at least get an offer to base the calcula-
tions of. To get offers from different companies was contacted, the companies selected 
was mainly the first companies found that manufactured in the materials and methods 
desired. 

For the vacuum formed piece AB Formplast was contacted, and for the aluminium rails 
ITEM was contacted. Many more companies that can provide these parts exists and have 
to be contacted for offers to get a more precise price estimate. 

4.6.5. Prototype 
Lidwell, Elam, Butler & Holden (2010) defines prototype as “The use of simplified and 
incomplete models of a design to explore ideas, elaborate requirements, refine specifica-
tions, and test functionality.“ (p. 194) and Ullrich and Epinger (2012) defines a prototype 
as “an approximation of the product along one or more dimensions of interest.”(p. 291). 
Ullrich and Epinger (2012) say that there are two dimension for prototypes, the first phy-
sical as opposed to analytical and the second comprehensive as opposed to focused. The 
first dimension is for testing and experiment och the other completely functional prototy-
pes made to check if there is any final design flaws before production. Ullrich and Epinger 
(2012) states that a prototype within a development project are used for four purposes, 
learning, communication, integration and milestones.

In this project a prototype from the first dimension is made in the purpose of learning if 
the function will work as planned. The prototype is of the attachment part of the product 
and is made by 3D printing. Steps I had to go through was:

• Model in CAD and export to STL
• Open in the printer program and prepare the pieces
• Print all pieces 
• Choose a spring
• Thred the holes for m4 screws
• Assembly the part
• Analysing 

For this prototype I got help from a college,  that helped me with the 3D-printer, choosing 
a spring and threading the holes. The function to test was how it worked to press down for 
lower and if the teeth gave enough resistance.  

5. Result

Figure 22. Skiing side by side, Säter
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In this chapter the result from all the phases will be presented, starting with the project 
planning phase before going on to requirement identification, conceptual design and fi-
nally detailed design and construction. In project planning the ruff plan that was set up 
in the beginning of the project can be seen. In the requirement identification phase the 
requirements for the product will be presented and how they wore discovered. From tho-
se requirements ideas is generated and developed and evaluate in the conceptual design 
phase. And in the final phase, detailed design and construction the final concept is chosen 
and developed. 

5.1. Result from project planning 
In the project planning phase, a project plan consisting of introduction, project approach, 
project management and project organization was composed. The introduction contai-
ning the project background, research questions, describing of stakeholders, objectives 
and aims for the project and project scope and was then used as a base for the introduction 
chapter in this final report. 

Project approach described the approach and its stages and what i planned to deliver after 
every phase. The stage deliveries that was set up for the different phases was:

• Project planning: Project plan
• Requirement identification: Product requirement specification 
• Theoretical framework: Theory part of the report
• Conceptual design: 2-4 concepts 
• Detailed design and construction: Cad-model, blueprint, product cost estimate,  
 descriptive visualizations and a prototype 

In project management I set up a time plan for the 20 weeks this project will proceed, the 
time plan is visualized in a gantt-chart in figure 23. A project budget for this project was 
also set with the resources I had in hand. Dalelven gave me a budget of 10 000 SEK to use 
if needed and some resources such as computer programs. 

In project organization I described how and how often to communicate with my super-
visors and how. It was decided that a skype meeting with my supervisor at LTU would 
happen every other week. Because I had a workplace att Dalelven I decided that no regu-
lar meeting had to be set with my supervisor at Dalelven, I would just go see him when 
needed and let him know how I was doing. Finally the project team was described and the 
contact information to the people involving was presented. 

5.2. Result from Requirement identification
In this stage I have found out more about the product I´m going to develop, what the 
competitors have and what skier thinks and want for their wax-bench. I have then used 
the collected data to defined product requirements requested by the user, these are pre-
sented in the end of this chapter.  The result from analysing the current state can be seen 
i n chapter 2. Contex.  

5. Result V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 V19 V20 V21 V22 V23 V24

Final design and 
Documentation

Project Planing
Reqirement 

Identification
Conceptual 

design
Detailed design 

and construction
Theoretical 
Framework

Report

Figure 23. Time plan for the project

5.2.1. Survey 
My survey got 102 answers, the answers was 99% from male skiers and they were mainly 
between 20 and 60 years old. About 90% went skiing two or more times a week during the 
winter season, see figure 25, this may imply that i missed a piece of my target group, the 
exerciser that skis occasionally. 73% used a wax-bench they bought, and 18% had made 
their own wax-bench, the rest used what they had at hand, like their knees or some chairs. 
This suggested that most skiers have a waxing bench and showed that there is a big market 
for waxing benches. The most used manufacturer of wax-benches is by far Swix, in figure  
24 you can see how popular the different manufacturers are.

When asked how often they kick-wax their skis almost 50% said that it depended on how 
the weather condition had changes from last time and 18% wax every time before heading 
out in the tracks. When it comes to glide-wax is most common (35%) to wax the skis about 
once a month, 17% once a week and 17% depending on the weather condition changes.

When asked about what was the best and worst with their wax table almost everyone men-
tioned stability, either the best was that it was stable, or they wished their wax-table was 
more stable. Which gave me the insight that stability is one of the most important factors 
for a great wax-bench. Other qualities that are important is that it’s easy to bring, fold, 
pack and is lightweight. In appendix 3 more result from the survey can be seen. 

The survey showed that is desirable to develop a function to make it easier to clean up after 
waxing skiis. 71% that answered the survey said that it’s hard to clean up after waxing skis, 
see figure 26. The survey ended with an open question asking if that was something special 
I should think about while developing this product, where I got some positive reaction to 
solving the problem of  littering. 

”Can you solve the littering in a smooth way, 
then you have a customer in me.” 

- participant in the survey
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Figure 24. How poppular the diffrent brands are, according to the survery

Figure 25. How poppular the diffrent brands are, according to the survery

Figure 26. How poppular the diffrent brands are, according to the survery

5.2.2. Market research
When going through stores, the supply was small, if the store had wax-benches they only 
had one or max two variants. Online on the other hand I could find a bunch of different 
brands and variants. There are mainly three different kinds of wax benches, the first is a 
table where you can place two profiles so you can have both of the skis up at the same time, 
see figure 27 for a Tecnopro with two profiles. The second variant is a single profile on legs, 
see figure 28, this one is a SkiGo. The third version is a very compact travel version in three 
parts that you place on your table at home, it consists of one mount for the ski that you 
attach to the table and two supports that hold up the ski in both ends of the ski, see figure 
29. This creates a 3-point support when waxing and can be great for traveling, because of 
its small size but for frequent use it doesn’t give enough support, the ski will bend when 
applying force.

By watching youtube tutorial videos from people waxing  skis, especially Gunde Svan 
(SwixSport AS, 2011), I made a list of the relevant equipment needed when waxing. This 
list is presented in figure 32. 

The most used brands on wax-benches is according to my survey Swix, Kroksta, SkiGo, 
Rossignol and Björnstället. It seems like Björnstället, figure 131, is the most sought after 
on the market but it’s also the most expensive one, where only the table costs 5400 SEK 
and every profile about 3000 SEK. With Swix you can get a table with a profile for about 
2500 SEK. A kroksta wax-bench, figure 30, with profiles cost about 2000 SEK. To buy a 
wax-bench today the cost would at least be 1500 SEK depending on what is desired, and 

Figure 27. Tecnopro with two profiles Figure 28. SkiGo with singel profile Figure 29. SkiGo travel

Figure 30.  Kroksta Figure 31. Björnstället with one profile attached
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A complete wax bag:
When going away on a ski trip you need some basic stuff to wax for the most weather conditions. 
The final product in this project is planned to hold all equipment needed, here comes a list on what 
you need based on Gunde Svans (SwixSport AS, 2011) videos.

Wax-iron: 

Melt the wax

Glide wax blocks: 

About three different 
(blue, purple and red)

Kick wax: 

About three different 
(blue, purple and red)

Kick-wax base

Klister wax base 
(spray)

Klister wax: 

About three types, uni-
versal, red (extra wet), 
and blue

Plexi scraper 

Groove scraper 

Synthetic cork with 
sandpaper (about 100 
grain size)

Nylon brush

Steel or bronze brush

Fiberlen  

Figure 32.  Exampels on the diffrent products neded when waxing  

as long as the real fancy ones is not needed the price will probably not be much higher 
than 3000 SEK. 

5.2.3. Benchmarking 
The different brand also has different types, Swix have three different kinds, one table with 
one or two profiles, one profile with legs and one travel variant.  Kroksta have only one 
where you can wax two skis at the same time, where profiles are optional, without them it 
only gives the ski 3-point support. But Kroksta has a special function, when ordering you 
can decide if you want to fasten the ski in the bindings or by squeeze the ski in place. If the 
squeeze version is chosen the bench can also be used to wax alpine skis.

Rossignol have two variants, a table with one or two profiles and one with profiles and legs. 
The first one have a special function I have not seen anywhere else, it has a holder for a gar-
bage bag in one end of the table. SkiGo have four variants, a table with one or two profiles, 
one with double profiles and one with single profile on legs, and one travel version. The 
last variant of the most popular ones is Björnstället, which is a table where you can add 
one or two profiles, but also extra options like a shelf to place more skis on when waxing 
multiply pairs, or extra holders for wax sticks and wax iron. To the right/left there is com-
pilation of these wax-benches. A summary of these wax-benches can be seen in table 2 
on the next side. In table 2 we can clearly see that Björnstället is by far the most expensive 
one. Another insight is that most benches use the binding to fasten the ski to the bench.

When attaching the ski there is two versions that are used, the squeeze version that hold 
the ski by putting the ski in a clamp and squeeze the ski in place, see figure 34. The other 
version is fastening the ski with the existing binding, in those cases the wax-bench only 
need a pin to attach the ski, se figure 33. It is desirable that the pin is adjustable in height 
to give a good fit for different skis.

4.2.4. Interview 
At my visit to Bergebo ski-marathon I interviewed six persons, these six persons had split 
opinions about how to attach the ski best. Some liked the squeeze version better while 
other liked the binding version. It is basically a matter of personal opinion and what kind 
the user is used to. To get the broadest target group it might be a good idea to have the 
possibility to change between the two. If it’s a possibility in this case will be investigated 
later in the project on selected concepts.  

Figure 33. A mount that attach to the binding Figure 34. A mount that attached by squeezing 
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Table 2. Benchmarking diffrent brands
Manufacture: Swix
Variant: Table with 1-2 pro-
files
Cost: ca 2000 SEK
Weight: 13,5 kg
Mount: Binding
Ski length: n/a

Manufacture: Kroksta
Variant: legs with support 
for 2 skis, (+ optional pro-
files)
Cost: ca 1800-2100 SEK
Weight: 7 kg 
Mount: Binding or squeeze
Ski length: n/a

Manufacture: Swix
Variant: legs with 1 profile
Cost: ca 1700 SEK
Weight: n/a
Mount: Binding
Ski length: 1,50-2,10m

Manufacture: Swix
Variant:  3 point support
Cost: ca 700 SEK
Weight: 1 kg
Mount: Binding
Ski length: depends on the 
table used

Manufacture: Rossignol
Variant: Table with 1-2 pro-
files
Cost: ca 2500 SEK
Weight: n/a 
Mount: Binding
Ski length: n/a 

Manufacture: Rossignol
Variant: Legs with 1 profile
Cost: ca 1500 SEK
Weight: 8 kg
Mount: Binding
Ski length: n/a

Manufacture: SkiGo
Variant: 3 point support
Cost: ca 600 SEK
Weight:  n/a
Mount: Binding
Ski length: depends on the 
table used

Manufacture: SkiGo
Variant: Legs with 1 profiles
Cost: ca 800 SEK
Weight: n/a
Mount: Binding
Ski length: n/a

 Manufacture: SkiGo
Variant: Table with 1-2 pro-
files
Cost: ca 2500 SEK
Weight: n/a
Mount: Binding
Ski length: n/a

Manufacture: SkiGo
Variant: Legs with 2 profiles
Cost: ca 1300 SEK
Weight: n/a
Mount: Binding
Ski length: n/a

Manufacture: Björnstället
Variant: Table with 1-2 pro-
files
Cost: ca 8400 SEK
Weight:  8,5 kg
Mount: squeeze
Ski length: n/a

Figure 35. Illustrations of the diffrent wax-benches

Their motivation to the squeeze is that they think it hold the ski better in place and that it’s 
flexible and simple. But a downside is that some of the newer bindings today reach outsi-
de the skis edges, which make this kind of attachment more difficult. It can also interfere 
when scraping the skis if the clamp grips too high on the ski, which are due to that these 
squeeze versions are usually not height adjustable.

The binding version has the advantages that it is faster, more effective and that you don’t 
have to screw on a clamp to fasten the ski, especially if you wax more than one pair of skis 
with different thickness.  They also work better with these bindings that goes outside the 
edges of ski. Another advantage is that they often are height adjustable.

5.2.5. Task and function analysis
To make this HTA I broke down the mission of waxing skis. I identified the four main ac-
tivities as obtaining accessories, place the ski, wax the ski and clean up, see figure 36. These 
main activities then got broken down further. I found some more critical activities that 
should be looked extra at. Those activities are attaching the ski, how to adjust the profile 
for different ski lengths, how to collect the trash, how to store the accessories, how to store 
and ship the wax-bench and how to fasten it. 

The important thing when fasten the ski is that it hold the ski in place and make the ski lie 
on the profiles, to obtain that for different ski lengths it’s important that you can adjust the 
attachment point I height due to the different span and flex of different skis. The impor-
tance of adjusting the profiles is so that you can wax different ski lengths and get support 
on the right places. 

The main point of this idea is that it will collect the waste that is produced when waxing 
the skis, so it’s very important that the end solution actually collect the trash. Another 
selling point for this product is that you can store the equipment you need inside the wax-
bench. That equipment has to be stored in a good way, so it does not slide around in the 
box and are easy assessable. For the whole product it’s important to be able to store and 
ship the product easy, for example it should fit in a regular trunk of a car. It should also be 
easy to place and fasten it on a table or bench. 

Figure 36. HTA on the mission wax skis
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5.2.6. Product requirement specification
During this phase a few demands has come to light most of them from the idea inventor 
Patrik, but some from users through the survey and interviews.  In table 3 the require-
ments are listed, some requirements are demands while some are desired. Table 3 also tells 
which kind of requirements, most of them are functional requirements, that’s because the 
main focus in this product is its functionality, how it looks it’s not as important. But the 
goal is to make a high quality product that have a good design. All the requirements are 
explained on the next side.

To make it easier to decide production methods Dalelven decided to suppose that the 
product will be produced in batches of 100 and about 10 batches a year. That will make it 
easier to calculate and estimate the production cost for the product. 

The attachment part of the product had some special requirements. It should be easy to 
use, preferably with one hand, the user should not need to screw or do several steps to 
adjust the height of the ski. A wish from the idea inventor was that the user could be able 
to lower the attachment point just by pushing it down.

Table 3. Requirement specification

Requirement 

Foldable 

Lie flat on table

Fasten on the table

Adjustble profiles

Adjustable attachment point 

Collector

Stability

Give support

Holder for accessories

Handle

Material and Production cost

Fit in a regular trunk

Low weight

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Desireble

Desireble

Desireble

Desireble

Desireble

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Functional

Ergonomic

Economic

Functional

Functional

Type of requirement
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Requirements 

Foldable: 
To be able to bring it and to easily 
store it, the demand foldable is set. 
Foldable can mean just fold it in 
half, but it can be in other ways to. 
But to collect al waste it has to be 
longer than a ski in its unfolded po-
sition, which make it hard to store 
and bring if not foldable.  

Lie flat on a table: 
The basic in this product is that you 
can place it on any table, and for it 
to stand stable and not fall of it have 
to lie flat on a table when unfolded. 
The edges can still be rounded. 

Fasten on the table: 
For the product not to move while 
waxing the ski it must be possible to 
fasten the wax-box on the table in 
some way. 

Adjustable profiles: 
To fit many different lengths on skis 
the profiles have to be adjustable in 
length direction. The goal is to be 
able to wax skis in lengths from 1,2 
meters till 2,2 meters, but if possible 
it’s not a downside to have even gre-
ater adjustment range. 

 

Adjustable  attachment point:
Different skis have different flex 
specially for different lengths the-
refore it’s important that the attach-
ment point is adjustable in height. 
Otherwise it will be difficult to get 
the ski to lie still and stable while 
waxing. 
 
 
Collector:
The bas in this product that make it 
stand out from all the rest is its abi-
lity to collect the waste that I produ-
ce when waxing. Therefore it’s very 
important that it have a collector 
that works and are easy to use.

Stability: 
The biggest consistently in the an-
swers in the inquiry is that stability 
is very important. Stability throug-
hout the whole product, from the 
base frame to the profiles and eve-
rything that might affect the func-
tion. 

Give support: 
It is important that the construction 
give support to the ski, so it won’t 
break when putting pressure on it. 
When waxing, especially with glide 
wax, the pressure on small parts of 
the ski is pretty high in short peri-
ods of time. 
 
 

Holder for accessories: 
To give this product a little extra 
and to make it worth bringing a 
pretty big box, this product should 
be able to hold all the necessary wax 
equipment inside it when folded. 

Handle: 
To be able to take this product with, 
without putting extra stress on the 
body a handle to carry it in is im-
portant. The handle should be pla-
ced so the weight is evenly distribu-
ted and ergonomic for the hand. 

Material and production cost:
To be able to sell the product with a 
profit to a price people are willing to 
pay are the goal to get the product 
to cost under 300 SEK to produce. 
In this case the calculations are ba-
sed on a production of 1 000 pro-
ducts a year divided in 10 batches.  

Fit in a regular trunk: 
In order to bring the product, it have 
to be able to transport it easily, its 
therefore desirable that the product 
fits inside a car trunk. But a regular 
car-trunk is pretty vague, but accor-
ding to automobiledimension (n.d) 
a car usually has a width on at least 
1500mm and the trunk space in a 
small car is from about 250 dm^3 
and in a kombi the trunk space is 
from about 500 dm^3. The goal is 
to make it fit in a slimmer car. 

Low weight: 
As for any product you should be 
able to carry, a low weight is desi-
rable. When choosing construction 
and material it’s important to keep 
this in mind. Because if it’s to heavy 
it won’t sell. 
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5.3. Result from conceptual design 
In this phase I have generated ideas for the product, basically two methods have been 
used, one where I braindrawing by myself and one brainstorming session with colleagues 
at Dalelven.  Then the ideas where clustered, developed and evaluated.

5.3.1. Brainstormning
The brainstorming session took place after my first braindrawing session, therefore I tried 
not to lead them in to those ideas. The group of people was four colleagues from Dalelven 
and they had a focus on how to manufacture a box that could collect waste in the same 
dimension as the existing prototype. At the session I wrote down their ideas on a white-
board, see figure 37, there was basicly six distingue ideas they come back to, those wore:  

• Extruded plastic (with endings) 
• Extruded aluminum (with endings) 
• Vacuum formed
• Metal frame with fabric 
• Metal frame with plastic 
• Accordion frame with fabric 

Many of these ideas went in the same line as ideas I had generated on my own. At this 
session we brainstormed on how to create the profiles. The alternatives we came up with 
was that the profiles cold be: 

• Vacuum formed
• Bent sheet metal 
• Cast with rubber (like a steering wheel)   
• Milled in wood
• Cut from plastic  

We also brainstormed a bit on the attachment part but everyone got stuck on the idea of 
having a spring loaded mechanism that made it possible to press it down for lowering the 
attachment point and pusch two pins together to be able to raise the point. 

Figure 37. Whiteboard after brainstormnings session 

5.3.2. Braindrawing 
When generating ideas by myself I used braindrawing, I set up a question or fact and 
sketched down ideas on pieces of paper. Some of the different starting points for the 
braindrawing sessions was the box form, different ways to collect the waste, different 
forms for the profile and different solutions for the attachment part.

In figure 38 some of the ideas for the box is shown. In the top middle I explored how the 
box ending could look like when folded if the box where rounded or bevelled. In the left 
bottom corner I explored the possibility to have suction for the gases that is created when 
heating wax. 

In figure 39 some sketches on different fastening devices can be seen, like the squeeze va-
riant and the same type than SkiGo have, or some more focused on the ease to lower the 
attachment point.  

Figure 38. Ideas from braindrawing

Figure 39.  Ideas on the attachment point
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Figure 40.  ideas for the profile

I also braindrawn on the profiles, figure 40, how they might look and if they need more 
functions, like if they should be rotatable or adjustable in height. The thought of have it 
rotatable is that the profile will adjust to the slope of the ski.  

5.3.3. Cluster and develop
To gain an overview of every idea they got cluster together in groups that had the same 
basic thought. It resulted in 6 idea categories, vacuum-formed, extruded profile, frame 
with fabric as collector, telescopic, frame with plastic sheets and wax-bench with fabric 
collector. 

These 6 ideas were developed further to 6 detailed ideas presented here. 
Idea 1: Vacuum formed, figure 41

The first idea has a simple but rounded shape and is supposed to be vacuum formed into 
its shape from sheets of ABS-plastic. The vacuum formed shape should have a flat bottom 
that lies flat and stable on the table. 

Idea 2: U-profile, figure 42

The second idea is based on an extruded U-profile with plastic sheets at the ends. The 
shape is very simple and does not need a bunch of different productions methods. The 
extruded profiles are cut to the right length and the end pieces and the beam for the profile 
are fasten. 

Idea 3: Frame with fabric, figure 43

The third idea have a base frame made from aluminium square tubes with a fabric bag 
spanned on to the frame. The fabric bag would be made from sailcloth fabric or another 
hardwearing and water repellent fabric. With only an aluminium frame and fabric was 
the thought that it would be light weighted. But depending on which dimension on the 
aluminium tubes that is necessary to gain good stability this idea might get heavier than 
the other. For example if a square tube with the dimension of 20 x 20 mm and a thickness 
of 2 mm  is used the frame for this idea will weight about 4,5 kg.  

Figure 41. Idea 1 

Figure 42. Idea 2 

Figure 43. Idea 3 
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Figure 44. Profile 

Idea 4: Accordion, figure 47

The fourth idea tries to reduce the space the product takes when not in use or during tra-
veling. To be able to reduce the space but without make the collector smaller the product 
is telescopic. The middle part is created with extrusion like idea 2 but the telescopic part is 
made with aluminium tubes and sailcloth fabric. 

Idea 5: Frame with plastic sheets, figure 48 

The fifth idea is bases on a triangular plastic frame with plastic sheets that are bent and 
locked in place. The flat surface that lies on the table is the aluminium profile that holds 
the profiles. 

Idea 6: Fabric bag, figure 49 

The last idea looks more like the wax-benches that already exist but have a fabric bag that 
collects the waste. To get enough width in the collector the legs are quite long apart, and 
to get the bag to get outside the profile an extra telescopic tube extracts from the sliding 
profile to hold the bag, see figure 49. 

Mutal parts

The attachment point and the profiles for the skis to rest on was being developed as a sub-
process and should with minor adjustments fit all detailed ideas. The profiles are the same 
both in the front and the back and are flat with a rounded edge, so it will not damage the 
skis with the edge, figure 44. The profile is fastened in the middle at only one point which 
make the profile able to rotate a few degrees around the centre. This is so the profile could 
adjust to the ski. To adjust the profiled for different ski length, they are placed in a beam 
with the cross-section shoved in figure 45. The profile slides in the groove and is hold in 
place only with friction.  

I had also selected which attachment point to take further. The one that fulfil the request 
from Patrik the most, the one where the attachment point sink by applying force, se figure 
46. 

Figure 45. Cross-section of beam

Figure 46. Attachment part

Figure 47. Idea 4 

Figure 48. Idea 5 

Figure 49. Idea 6 
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Foldable 

Lie flat on table

Fasten on the table

Collector

Holder for accessories

Handle

Material cost 

Production cost

Low weight

Appearance

Total score

Ranking

Continued work

Score 

1

3

2

3

3

3

2

2

3

3

25

1

Yes

Score 

1

3

3

3

3

3

3

0

1

1

21

4

Yes

Table 4. Evaluation matrix

Score 

1

3

3

3

2

3

0

2

1

1

19

2

No

Score 

3

2

2

3

2

3

2

0

2

3

22

3

Yes

Score

1

2

1

3

3

3

1

3

0

2

19

4

No

Score 

2

0

0

3

0

2

2

3

3

1

16

6

No

Idea 1   Idea 2    Idea 3   Idea 4    Idea 5    Idea 6 

Vaccum     U-profile   Frame with fabric Accordion   Frame whit sheets Fabric bag
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5.3.4. Evaluation matrix 
How the values in table 4 on the previous set of pages is set is described in this chapter 
divided by the requirement. The three ideas that got the highest score, idea 1, 2 and 4 was 
choosen to be developed further in the next stage.  

Foldable

The grade for foldability is based on how much space the product will take when folded, 
because everyone is foldable. Idea 1, 2, 3 and 5 are all approximately taking up the same 
space. Idea 6 will take app less height due to its non-hard case. Idea 4 will take up about ⅔ 
of the space of ideas 1, 2, 3 and 5 dues to its accordion function. Therefor will idea 4 get 3 
points, idea 6 2 points and the rest 1 point each. 

Lie flat on the table

The next criteria are if it lies flat on the table, here idea 1,2 and 3 got the highest score (3) 
because they all have a flat bottom that can rest on a table surface throughout the products 
entire length. Idea 4 and 5 got 2 points because they have less supporting area that will lie 
on the table.  Since idea 6 has its own legs it will not lay flat on the table and therefore got 
0 points. 

Fasten on the table

Ideas 2 and 3 have hard edges where it will be easy to make a hole for a clamp to fasten the 
product on the table. Ideas 1 and 5 on the other hand are more rounded and can therefore 
be a little harder to fasten on the table. Idea 4 cold be as easy as ideas 2 and 3 but can only 
be fasten on the middle part that does not expand, which might make it fasten less stable. 
Finally idea 6 has the same problem here as in the last criteria, it’s not made to be fasten 
on the table.   

Collector

The focus when created these ideas was the collector, and in all these ideas the collectors 
have the same proportions, which mean they all collect the waste equally much. Therefore 
they all got the score 3. 

Holder for accessories 

The score for the criteria holder for accessories is based on how much space there will be 
for the accessories inside when folded and if there is easy to fasten holders on the walls 
inside the box. Based on that, idea 1, 2 and 5 got 3 points, idea 3 and 4 got 2 points and 
idea 6 got 0 points.

Handle

For idea 1 to 5 it’s easy to find a place to put a handle close to the centre of gravity when 
folded that is easy to grab. Idea 6 on the other hand is harder to find a spot to place the 
handle and therefore got 2 points. 

Material cost

The material cost is based on which material the idea is supposed to be made of. this cal-
culation is made with the asumption that 1000 products will be made in one year. Idea 1 

is going to be made of ABS plastic, according to O. Listerud (Personal communication, 27 
mars 2018) on AB Formplast every half of the product will cost about 230 SEK to make 
including tool cost. I made an assumption that about half the price was for the material. 
Which gives idea 1 a material cost of about 230 SEK.  

For idea 2 A. Wendefors (Personal communication, 10 April 2018) on TH Extrusion AB 
gave an approximate cost of about 60 SEK per meter of extruded ABS plastic U-beam with 
a thickness of about 3 mm. In idea 2 about 2,6 meters is required which is about 160 SEK. 

The cost for idea 3 is calculated by the approximate amount of meter aluminium tube and 
sailcloth fabric. According to BE group (2018) a square tube with the dimensions 20x20x2 
mm cost about 30 SEK per meter. Sailcloth fabric cost according to Rosahuset (2018) 129 
SEK per meter and have a width of 1,5 meter. For idea 3 about 11,1 meters of tubes and 1 
meters of sailcloth is needed with result in a total material cost of 463 SEK. 

Idea 4 is made from tree different materials, extruded ABS plastic, sailcloth and bended 
aluminium tubes. The same prices that have been used for the other ideas are also used 
here. 1,4 meters of extruded ABS-plastic cost about 85 SEK, 2,7 meters of aluminium tu-
bes cost 80 SEK and 0,5 meters sailcloth cost 65 SEK. This gives a total matrial cost of 230 
SEK. 

The fifth idea is made from a frame of aluminium tubes and ABS-plastic sheets. For the 
frame about 6,5 meters of tubes would be needed costing about 195 SEK and about 0,83 
m^2 of ABS- plastic at a cost of about 150 SEK(Vink, 2018). That gives a cost of about 345 
SEK for idea 5. 

The last idea is made from about 5 meters aluminium tube, 150 SEK, and 2,8m of sailcloth 
with a width of 0,5 meters. The sailcloth has a width of 1,5 meters therefore 3 products 
can be made from 3 meters of fabric which makes the cost for one product about 130 SEK. 
Giving idea 6 an estimated material cost of 280 SEK. 

Material costs under 200 SEK was given 3 points, under 300 SEK got 2 points, under 400 
SEK 1 point and costs over 400 SEK got zero points. 

Production cost

The production cost has been a little harder to estimate due to lack of experience in how 
long time it would take to assemble the parts. The cost is calculated as if the production 
speed would be 1000 product per year. Idea 1, 2 and 4 were the easier ones due to a spe-
cific method and not so much to assemble. Idea 2 and 4 was also the most expensive ones 
due to the expense of the extrusion tool. The estimate cost is about 400 SEK per product 
(A. Wendefors, Personal communication, 10 April 2018, TH Extrusion AB). Idea 1 is va-
cuum-formed and the tool cost is less expensive about 30 000 SEK (O. Listerud, Personal 
communication, 27 mars 2018, AB Formplast), and as mentioned in material cost I ass-
umed that the price I got from Formplast AB (O. Listerud, Personal communication, 27 
mars 2018) was half material and half production. Which gives an estimate cost of about 
250 SEK per product. Production cost for idea 3, 5 and 6 is based on the assemble time 
needed where I think idea 3 might take one hour, idea 6 a bit less and concept 5 even lesser. 

Here the same limits for the grades as for material cost was used. Meaning a cost under 
200 SEK got 3 points, under 300 SEK 2 points, 400 SEK or more 0 points. 
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Low weight 

The different ideas weight was calculated by multiply the material consumption with the 
weight per consumption unit. Abs-plastic weighs about 1,05 kg/dm^3 (Klason & Kubàt, 
1995), the aluminium profiles used 0,40 kg/m (BE group, 2018), and the sailcloth 0,16 kg/
m^2. (Rosahuset, 2018). The calculated weights can be seen in table 5. 

Appearance

The appearance is based on my opinions and is very subjective. Idea 2, 3 and 6 got 1 point 
because I thought they were to angular and nothing special about them. Idea 5 got two 
points because it has a more exciting form. Idea 1 and 4 got 3 points, idea 1 is very simple 
but has an interesting and smooth form. Idea 4 on the other hand has different parts that 
creates an interest for the product and makes it exciting. 

5.4. Detailed design and construction
Three ideas become 1 detailed concept in this last phase of the development process. 

5.4.1. Concept development 
The three remaining concepts was modelled in SolidWorks. All three concepts had a few 
mutual parts, like the profiles and the fastening mechanism in the middle, that also was 
modelled in SolidWorks.  

Mutual parts:

The biggest change made for the profile is that I made the piece that hold up the profile 
adjustable in height, it has two positions, one used when waxing and one used when the 
wax-bench is folded, se figure 50. To lower the profile to folding mode a pin has to be pu-
shed in and the profile pressed down, to get it back to waxing mode the profile is pulled 
out until the pins pop back out. 

 

In this phase I worked on how the attachment mechanism would work and not just how 
the principle of it will work. In figure 51, the part that attach to the ski, part 3, will move 
up and down in the gap in part 1 and the two parts 4 and 5 will hold part 3 down by been 
pressed out with a spring on to the teeth in part 1. Part 2 will hold everything in place and 
have two holes for the pins to glide in. The pins on parts 4 and 5 are pushed together to 
raise part 3. 

Figure 50. the profile in its two modes

Figure 51. The parts for the attachment mechanism 

Table 5. Weight table for idea 1 to 6

Weight

Idea 1

Idea 2

Idea 3

Idea 4

Idea 5

Idea 6

160 g/m^2 

-

- 

ca 0,250 kg

ca 0,1 kg

-  

ca 0,2 kg

0,40 kg/m

- 

- 

ca 4,5 kg 

ca 1,1 kg

ca 2,6 kg

ca 2 kg 

Total 

weight1,05 kg/dm^3 

ca 2,5 kg

ca 4 kg

- 

ca 2,2 kg

ca 2,6 kg

-  

ca 2,5 kg

 ca 4 kg

ca 4,75 kg

ca 3,4 kg

ca 5,2 kg

ca 2,2 kg

ABS- Plastic Aluminium Fabric
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Concept 1 Vacuum formed: 

Figure 52 shows the CAD model of concept 1, it still has a simple box shape with rounded 
corners. The walls are leaning slightly outwards to make it easier to remove from the vacu-
um form and to stack. The profile rail is placed in the centre of the box and the attachment 
piece is placed on one of the two plastic halves. To get the attachment piece to fit I had to 
adjust the shape to follow the form of the vacuum formed plastic. 

Concept 2 Extruded: 

In figure 53 the CAD model for concept 2 can be seen, the shape got rounded corner to 
give it a lighter expression and to minimize the risk of scratching the table. The same pro-
files and attachment part is used as in concept 1. 

 

Figure 52. Concept 1 Vacuum formed

Figure 53. Concept 2 Extruded

Concept 3 Accordion: 

How the telescopic function could work and how to adjust the profile for different ski 
length have been in focus when developing concept 3 in this phase. As can be seen in fi-
gure 54 the telescopic part is made from 3 parts. One that is fixed to the extruded plastic, 
next come a version of the standard beam used in the other two concepts and last a small 
beam only to hold the fabric outside of the longest skis. From the first piece a part is cut off 
to make it possible to have the profiles near to the centre and out of the way when folding. 
Folded this concept is about 650 mm in length in contrary to the other two concepts that 
is around 1120 mm.

5.4.2. Concept choice 
In the meeting with Patrik and Ulf I presented the three concepts. We then had a discus-
sion about the different concept. In table 6 some factors we looked at can be compared. 

Comments about concept 1 was that it looked unstable when it was rounded that much. A 
question if the edge would be sharp after vaccumforming arose, that no one raly knew tha 
answer to. A big plus with this concept was that the price was the best. 

Concept 2 they thought looked more stable in comparison to concept one but was very 
expensive. That high of a price for a very simple form did not speak in advantage for con-
cept two. 

They really liked the idea of having concept 3 telescopic, but they were worried if all mova-
ble components would work well in the long run. If the smaller size was worth the extra 
complexities. This concept was also the most expensive one and the price does not include 
the most critical part of the telescopic function. 

They also had a few overall comments of things to change or look at. Like that the profiles 
should not be centred because the user would want to have the ski as close to the body as 
possible to be able to put the force from straight above the ski. They were also critical to 
just have the profile hold up by one pretty narrow piece. To gain a stable profile it should 
have a greater support and to have a fixed angel that fits the ski. 

They thought I should look into the form of the profiles, and if I wanted different profile 
for the front and rear. If I would have different profiles it is important that it is possible to 

Figure 54. Concept 3 accordion 
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change place on the profiles, because some people like to wax from right to left and some 
the opposite and you should always wax from front to rear on the ski.  

I was wondering if they thought that the profiles needed to be fastened with bolt or if fric-
tion was enough to hold them in place. They thought friction will be enough due to the 
force when waxing will not make the profiles move in that direction. 

We decided to move forward with concept 1 mainly because of the prize. The chance of 
selling 1000 products during the first year is pretty unlikely, which makes concept two and 
three too expensive to implement with the selling price we had in mind. 

Some things I had to change was the radius for the box, the placement and the profiles 
in the box and the profiles. I also had to figure out how to store the profiles while folded, 
because with more stable profiles the raise and lower function will not work. I also have to 
choose how to fasten the box to the table. 

5.4.3.Detailed design
The detailed design phase started by fixing the problems discovered in the concept choice 
phase. I started by looking at the radius, I tested some different values below the originated 
80 mm and decided a radius of 30 mm, se figure 55.  

Table 6. 

Figure 55. Old and new shape of the shell

Then I changed the profiles to make them more stable and locked the rotation. By investi-
gate pictures of skis from the side I choose a tilt of 3 degrees. Then I moved the rails for the 
profiles closer to one side, I choose to move them away from the handel to get the center 
of gravity closer to the ground when carrying and to get the handel away from the user 
when using the product.  As a followup change the attachment point had to be moved an 
equivalent amount to match the profiles, se figure 56. 

To fasten the wax-box on the table I chose to use the same way as the original prototype 
but with a few changes. The box will still be fasten with clamps that go through holes in the 
shell, but the clamps will continued in and halfway through to the rails. This is to ensure 
stability and to not break the plastic shell that is made of pretty thin plastic. 

The attachment part got changed in a few ways, first the step size decreased, from 9 mm 
per step to 2 mm. The main reason for them being so big in the first place was to visualize 
the function. Then I got some tips from a coworker at Dalelven to alter the pegs that will 
hold the attachment point in place. To change the “rotations”point to get another move-
ment and a better placement for the spring. Figure 57 sows the old part besides the new 
and figure 58 the attachment part when it is put together with the new part. 

To bee able to fold the box tje profiles ara at a lengt that if you put one profile as close 
towars the middle and the other as close to the endge as possible the box can be folded 
witoute the profiles coliding, se figure 59. 

Figure 56. The profiles and attachment point moved to one side

Figure 57. The old and the new part 

Figure 59. How te profiles are stored inside the box when folded

Figure 58. The attachment part

Cost per product 
(1000 st/year) 

Cost per product  
(3 years ) 

Length folded 

Weight 

Toolcost 

Material cost 

370 SEK

350 SEK

1120 mm

2,5 kg

25-30 000 SEK

340 SEK

575 SEK 

310 SEK

1120 mm 

4 kg

300 - 400 000 SEK 

175 SEK

600 SEK 

320 SEK

650 mm 

3,4 kg

300 - 400 000 SEK

230 SEK

Concept 1

Vacuum formed

Concept 2

Extruded Plastic

Concept 3

Accordion 
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5.4.4. Product cost estimate
The size of the vacuum formed piece have not been changed so the price used before will 
still be used. That price was according to O. Listerud at AB Formplast (Personal commu-
nication, 27 mars 2018) about 230 SEK per vacuum-formed detail or 170 SEK if recycled 
ABS-Plastic was used and came with a tool cost of 25 to 30 000 SEK. I think recycled 
plastic would work fine and make my calculation on that we will produce 1000 products 
in one year.

To get a price for the rails I looked up existing rails and choose a rail form ITEM that 
might work and contacted them for a price estimate, se figure 60 for the cross section. A. 
Schubert at ITEM (personal contact 18 may 2018) gave me the estimated price on 15,77€ 
per meter plus a cost of 2,67€ per cut. That calculates to about 163 SEK per meter and 27 
SEK per cut. 

For the attachment part it´s can be made off a bunch of plastic sheets in different thickness 
that have been milled or maybe by injection moulding. Exactly which method that is fits 
the best need to be investigated more firmly to make a decision. But if made by milled 
plastic sheets the plastic is pretty cheap and will cost about 15 SEK. 

In table 7 a summary of those cost I have so far is presented. The total cost is up over 700 
SEK wich is way higher than the original plan. But before a complete calculation is made 
with offers from more companies it’s hard to say if this product is gonong to be produce 
at a lower cost. 

5.4.5. Prototype
When the attachment prototype was printed and assembled, se figure 61-63, I could cle-
arly see that some things where just to tiny to make this work. The loop was to small and 
have to be changed. The pegs to press together to adjust it upwards was also very small. 
And the pegs that will hold the “adjustment pieces” in plays was way to week and broke of 
during assembling. 

It was also hard to lower the attachment point by just pressing down. If that was just be-
cause of the manufacturing method or if it will be the same when its manufactured for 
real and not just 3D printed is hard to know. But to be on the safe side I change the slope 
of the teeth.   

To make this attachment part work some adjustment have to be made to reduce all the 
flaws. For the pegs that broke of a completely new design was made that made them less 
vulnerable. Se the result of the redesign in the final design chapter. 

Table 7. 

Figure 61. The prototype

Figure 60. The cross-section for the rail from ITEM
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6. Final Design

Figure 64. Cabbins by the track, Säter

Figure 62. The prototype in comparasion to my fingers Figure 63. The backside of the prototype
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The prototype made me do a couple of changes to the attachment part. The loop got big-
ger, the slope of the teeth got steeper and the way the moving part is attached got chang-
ed, in figure 65 these changes can be seen. Insted ot two snal nins in holes to hold the 
moving parts in place a bigger cirkular part gos in a circular cutout that allow the parts 
to move sufficiently. 

6. Final Design

The final design for the product can be seen in a few renderings in figure 66 until 72. The 
first two figure shows the product when its in use, and figure 68 and 69 when it is folded. 
Figure 70 and 71 shows the attachment part from both sides and figure 72 shows the rails 
and profiles. As can be seen there is much space left in the box to place a bag of accessori-
es, that bag needs to be developed. That bag should fit all the things that is needed when 
waxing skis and should fit perfectly in the space. When using the product the bag is lifted 
out and when done the bag is placed back in and secured before closing the box. 

Figure 65. The new attachment part

Figure 67. Rendering of the product

Figure 68. Rendering of the product, folded

Figure 69. Rendering of the product, redy to be carried awayFigure 66. Rendering of the product
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Figure 70. The attachment part in place

Figure 71. The attachment part in place

Figure 72. The rail and profile
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7. Discussion

Figure 73. Skiing under blue sky, Säter



66 67

7.1. Process and method 
The process used in this project have worked for the project, but if it was the best app-
roach for the project is hard to say. I think a bunch of approaches could have worked but a 
more detailed one might have been preferable in this case. Since I performed this project 
on my own a more detailed approach with more deadlines cold have motivated me more 
and make me not fall behind as much as I did. Sometime in the project I felt like I just 
stood still on one place and did not knew how to make progress. Maybe another or a more 
well-planned process could have reduce that time. 

The survey that was performed was a good way to get quantitative knowledge of skiers 
habits but could have give a directed result due to a limited group of people that answered 
the survey. First of all almost only men answered the survey, I know that a lot of women is 
skiing to. Was the problem that no woman hangs out at that skiforum or that the women 
did not take the time to answer the questionnaire. When I chose to distribute the survey 
online at that community I did not think about who usually hangs out at forums, my target 
user group is pretty big and include al skiers that wax their own skis, but at communities 
often the more active and with a strong ski interest hang out. 

When planning interviews it’s hard to know what questions to ask and witch information 
that could be useful for the project. The interviews II performed at Bergebo ski marathon 
was mainly to ask about the equipment they had now and noting about if the product I 
was about to design was desired. The interview gave me a tot of input but afterward I rea-
lized that I should have asked other questions to. I also felt a bit nervous and shy, I am not 
used to talk to people like that which may have affected how I interpreted their answers 
and what follow up questions I asked. 

In this project I basically only used two methods for generating ideas, I probably should 
have used more methods and more people involved to get a greater number of ideas and 
input from other people. For example I could have done an idea generating session with 
other people studying the same program as me, to get input from other that have learned 
the same approaches that I had or found some skiers and used them as a focus-group to 
help both in the idea generation part but also later in the project with for instance concept 
evaluation.

To use a prototype of the attachment part was a great way to see if it worked and how the 
dimensions was set. Especially in this case when I had thought wrong dimension wise. If I 
had not made the prototype, then I probably would not have realized that the dimension 
was wrong. I had plan to make a scaled prototype of the whole product, but I did not have 
the right tools in Dalarna and I did not have enough time in Luleå. If I had been comple-
tely done with the report and presentation before going to Luleå I would probably have 
had enough time, but I that was not the case.  Prototyping is a great tool when developing 
products. 

7. Discussion 7.2. Final result
In the theory chapter I define the term Industrial design engineering as a mix of construc-
tion and shape and look of a product. In this project I have worked on both the construc-
tion of the product and the shape of it to accomplish a product that fulfills its require-
ments. With a mindset that the function will shape the product, and that the main goal it 
to solve the problem of littering when waxing skis. As Friedman (2013) says that the goal 
of design is to solve problems to improve and create new useful things.  

Al parts of this project have mainly been conducted by me alone which talk against Ulrich 
& Eppinger (2012) that says that few products are designed by one single individual. If this 
project had been conducted by a project group, the result might had been different. The 
conceptual design phase could have been conducted with other methods and more minds 
might give other ideas that did not reach the surface in this project. Many things in the 
project could have been performed more detailed because the man hours dedicated to the 
project would have been double.  

To make sure there was a need for this product I made a survey early in the project, becau-
se as Mital et. al. (2008) states, a development strategy should be based on market needs. 
To confirm the need for this product I maybe should have involve the users more in the 
entire process. Why I did not involve users later in this project is a question to be asked. 
I guess it’s mostly because of the timeframe and that I did not create a network of skiers 
early in the project while the ski-season was active.  

When it comes to usability that is one of the factors for a successful product, have I not 
been able to measure the user performance, satisfaction and acceptability since I don’t 
have a complete product or a full-scale model to do tests with. But to accomplish a usable 
product I have tried to not complicate things, like an ordinary hinge to fold the box in two. 
A regular eccentric lock to hold the bag closed that most people have used at some point. 
The most advanced part is the adjustable attachment part where the skis binding is used 
to hold the ski in place. I hope the function will be easy to understand and feel intuitive 
to the user.  

For this product some of the ergonomic aspects can be hard for me to affect, like the wor-
king height. That will be in direct connection to the table chosen to put the product on. 
The best would be to place it on an adjustable table. The reach is also hard to affect, when 
it is depended on how long the skis are. Usually long people have longer reach and longer 
skis and shorter people have shorter skis. Things I can affect is how close to the body the 
work is performed, therefore are the profiles not centered in the box. The ski is supposed 
to be placed as close to the body, therefore are both profiles the same, so it doesn’t matter 
in which direction the user wants to wax. 

When it comes to the ergonomic of the hand I have placed the handle at the center of gra-
vity to give it a good balance when carrying it. The product would only weight about 3-4 
kg, which with the basic calculation for force F=m*a where a is gravitation that is about 
10m/s^2. That leads to a force of about 30 to 40 Newton which is way below the limits 
presented in the theory. 

If I look at this product from a sustainable view, it have profits both from an environme-
ntal and economical perspective. This product collect the waste which means that less 
waste will fall on the floor or on the ground, this means less wax-residue in the nature. As 
described in chapter 2.3.1. wax often include flour which is bad for the nature. Less wax 
on the floor also means that less cleaning products is needed, which is good both for the 
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environment and the wallet. Another economical win is that it’s possible to reuse wax if 
that is desire.  

7.3. Further work 
Continued work is needed on the product before it´s first batch can be produced, first the 
new attachment part needs to be evaluated. Then a real full scale prototype needs to be 
made to test all functions and if the manufacturing methods is right for the product. In 
that prototype things like if the friction is enough to hold the profile place, and if it works 
for different ski length and if the highest and lowest positions for the attachment part 
works. As it is now I don’t know exactly where the lowest and highest position should be. 

A more detailed calculation needs to be done where offers from different manufacturers is 
collected. Based on the offers the final suppliers for the product needs to be chosen. 

7.4. Conclusion
After completed this project there is still things to be done before this product can see the 
market. But the project have shown that there is a desire for this kind of product in the 
ski-community. In the subheadings below I have discussed how this project have reach the 
objectives and answered the research questions set up in the introduction.  

7.4.1. Project objectives and aims
At the start of the project I aimed to improve the experience of waxing skis, since I have 
not been able to test the product I cannot be sure if skiers will find the experience impro-
ved by using this product, but from the survey I saw a desire after this kind of product. 
Especially the comments like ”Can you solve the littering in a smooth way, then you have 
a customer in me.” and that most of the skiers in the survey found it hard to clean up after 
waxing their skis. 

7.4.2.  Research question 1
I also set up three research questions that aimed to give answers that helped me develop 
this product. The first question “How should the wax-box be designed?” was a more over-
all question that since the project was to design a box I had to know how. There are many 
possible ways to design a wax-box and this question was answered in the conceptual de-
sign phase where I examined different ways to design the wax-box. This question doesn’t 
have a right or wrong, but some solutions are easier to implement and use. To find the 
solution for the wax-box best designed for my criterias I compared the solutions found 
with each other and the requirements that was set. And to get other points of views on the 
solutions I discussed them with Patrik that had come up with the idea in the first place 
and that have a lot of experience in waxing skis and with Ulf that was my supervisor and 
a exerciser skier and skis and wax his skis frequently during the winter season. They gave 
me input both from a skiers perspective but also from a company perspective where the 

7.4.3. Research question 2
To be able to answer the second question “Which are the basic demands for the ski wax-
box to work properly?“  I had to learn about ski waxing. This answer is mainly embedded 
in the context chapter, where I researched ski-waxing, cross-country skiing and wax-ben-
ches, and in the market research and benchmarking. 

7.4.3. Research question 3
The third question “What accessories do the skiers needs when waxing skis?” was to get a 
greater understanding of the waxing process and to see in to supply could be stored inside 
the wax bench. The basic supply is compiled on page 34 and shows what is needed when 
waxing skis. What supply a skier wants is up to the skier, but compilation shows what is 
recommended when skiing classical style, when skiing skating style the kick-wax and klis-
ter-wax is not needed, and the amount of supply reduces.
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Apendix 1. Survey questionare
The questions exactly as I asked them, The survy was preformed is Swedish therefore are the 
questions in Swedish. 
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Apendix 2. Interview questions
The interview questions I had prepare for the interviews is presented here, both on Swedich 
and englich. The interviews was preformed in Swedich.  

Ålder?/Age?

Kön?/Sex?

Åkt skidor länge/mycket?/ Skiing much/long?

Vallar du skidor ofta?/ Do you wax skiis often?

Vallar du endast åt dig själv?/ Do you only wax your own skis? 

Vilket vallaställ? Märke? Antal profiler? / Wich wax-bench do you use? Branch? number 
of profiles?  

Har du modifierat stället på något vis? /Have you modified your wax-bench in any way?

Varför? / Why? 

Tycker du det är stadigt? / Do you think its stable?

Vad gör det stadigt/ostadigt?/ What makes it stable/instable? 

Hur ofta används det? Används annat hemma? / How often do you use it? Do you have 
another wax.bench at home?

Vilken infästning används? I bindningen eller Klämma. Vad föredrar du? / How does you 
fasten the ski? In the binding or with squeeze. What do you prefer?

Vad tycker de om den infästningen? / How do you lige that fastening way? 
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Apendix 3. Survey result
Result from the survey, the questions and answers are presented in Swedich because the 
survey was preformed in Swedich. 
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Något ni tycker jag bör tänka på vid utvecklande av ett vallaställ?

• Stabilt
• Överkommligt pris
• Lätt att ta med
• Gå att fästa på bord eller dragkrok
• Lätt
• Kunna förvara flera skidor på?
• Samla upp skräp
• Ekelt att falla ihop
• Det ska inte vicka när man lägger tyngd längt fram/bak
• När man spänner fast i bindingan kan skidirna glida lite i sidled
• Flexibelt
• Lätt att montera
• Plats för vallahjärnet
• Hållbart
• Skidorna sitter fast
• Klämfästning bättre än i bindningen
• Robust
• Possitionera skidan
• Inte ta så stor platts hopfällt
• Två profiler, men bra med utrymme mellan

• Klara minst 2-30 kg tryck uppifrån
• Hela profiler och inte stödpunkter
• Gissar på att folk är villiga att betala max 1500kr 
• Passa för olika längder på skidorna
• Fånga upp spill ex vallaväck
• Få platts i/på bilen
• Svårt att få ut nu produkt på marknaden
• Ha förvaring för vallor mm lättåtkomligt, inte behöva sträcka sig över kladdig ski-
da
• Förvaring för skidan man inte håller på med
• Lätt att hantera med handskar på
• Fast på bord men möjlighet för ben när man ska iväg…
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