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ABSTRACT 
This is a master thesis project in Industrial Design 
Engineering at Luleå University of Technology 
performed during the spring semester 2019 and with 
the goal to design a helmet for POC specialized for ski 
mountaineering.

To cope with new rules in ski mountaineering 
competitions, to widen the product catalogue of 
POC and to make ski mountaineering safer and 
more enjoyable, a double certified helmet was to be 
designed, meaning certified for both mountaineering 
and downhill skiing. The end goal with the project was 
a product concept fully ready to be prototyped and 
tested for both EN 12492 – mountaineering helmets 
and EN 1077 – ski helmets standards.

Theories relevant to the project has been researched, 
they include head injuries, manufacturing methods, 
anthropometry, and safety certifications. Some 
takeaways from these were that head injuries in ski 
mountaineering can be severe or deadly, but can 
be mitigated by using a helmet, helmets are usually 
produced by expanding plastic beads into a shock 
absorbing material, by expanding the beads more, 
the shock absorbing material gets a lower density, 
and by expanding them less the material gets a higher 
density, an easy way to design a helmet that fits well 
on most people’s heads is to use headforms, and that 
an easy way to design a helmet that can be EN1077 
and EN12492 certified is to use similar dimensions as 
existing helmets with the same certifications.

Methods used in the project has been: a survey 
asking users for insight and opinions; analysis of the 
brand POC; competition research; observations; idea 
generation - including 6-3-5 and body storming; and 
creation and evaluation of prototypes.

The project has resulted in information about user’s 
experiences of SKIMO helmets, users wants and 
needs, an analysis of POC products, ideas, prototypes 
for testing functionality, clay models for exploring 
shape, a concept decision and last but not least, a CAD 
model and a prototype of the final concept.
The survey results together with some observations 
could be summarized as three problems to solve and 
six features the helmet should have.
1. Temperature Change.
2. Ventilation holes makes goggle foggy when worn on 
the on the forehead.
3. The third problem is created as a combination of the 
EN 1077 standard penetration test for ski helmets and 
the users need for “extremely good ventilation”.

Requested features were:
1. The users want to be able to where sun glasses in a 
passive position on top of the helmet. 
2. They want head lamp attachment. 
3. It should look good. 
4. Side straps for goggles are requested. 
5. It should be colourful so that it’s easy to detect in the 
mountain terrain. 
6. And of course, it needs to be lightweight.

The result is a SKIMO helmet I chose to call POC 
Ibex. It’s a helmet with a double layer EPS liner with 
multiple functions. It allows for ventilation to the 
forehead without fogging up the goggles and helps 
withstanding penetration tests while still having big 
ventilation holes. It has Magnetic removable ear pads, 
that can be attached without removing the helmet.
It’s made from EPS and PC and on the top, it has an 
extra thick layer of PC for extra protection against rock 
fall.
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01 INTRODUCTION
This is a master thesis project in Industrial Design Engineering at Luleå University of 
Technology performed during the spring semester 2019 and with the goal to design 
a helmet specialized for ski mountaineering. In this first chapter you will get some 
background information of the project, get to know the stakeholders, learn the research 
questions, the objective and aim,  and see how the project is planned and managed.
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1.1 BACKGROUND
Climbing is a diverse sport on the uprising, it includes 
disciplines like rock climbing, ice climbing, and ski 
mountaineering. Today most climbing disciplines uses 
the same helmets even though exercised in widely 
different environments. This project aims to design a 
helmet specialized for one of these disciplines – ski 
mountaineering.

In the sport of ski mountaineering, the contestants 
race up and down mountains on skis, see figure 1. There 
are some different disciplines in ski mountaineering, 
but they all involve some of the following activities: 
walk up hill with skis and skins on, walk uphill with 
skis on the back, climb with rope and crampons, and 
ski downhill (bergsport.se, 2019).

Today many ski mountaineers use climbing helmets, 
others use ski helmets, and a few even uses bike 
helmets. The problem with using a climbing helmet is 
that they are not certified for alpine skiing, climbing 
helmets are mostly tested to protect against falling 
objects. The problem with using a ski helmet is that 
they are seldom light weight and are not designed for 

protecting against falling objects. The problem with 
bike helmets is that they are neither certified for skiing, 
nor mountaineering, they are light and well ventilated 
though.

2017 ISMF, International Ski Mountaineering 
Federation, changed their rules regarding helmets, and 
now contestants are required to wear double certified 
helmets during competitions, they need to be certified 
for both mountaineering and skiing. Meaning they 
need the two certifications EN 12492 and EN 1077 
classB standards, (International Ski Mountaineering 
Federation, 2017). So, while a mountaineering 
helmet is certified for only mountaineering and a ski 
helmet is certified for only skiing, a dual certified ski 
mountaineering helmet is certified for both climbing 
and skiing.

This project aims to design a double certified helmet 
for ski mountaineers. Protecting against both falling 
objects and ski crashes while being as lightweight 
as possible and at the same time solve for usability 
problems that ski mountaineers find today.

Figure 1: Example of a SKIMO competition
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1.2 RESEARCH QUESTIONS
For the project to succeed, some research had to be 
done. It mainly revolved around the following research 
questions.

What materials and technologies are most suitable 
for achieving maximum safety and a light weight for a 
double certified ski mountaineering helmet?

How can a good visual appearance be achieved when 
designing a helmet?

How can a ski mountaineering helmet be designed 
to be coherent with the design of other products from 
POC?

Do ski mountaineers find any problems with helmets 
they use today and if so, how can these problems be 
solved?

What features are most important for a ski 
mountaineering helmet?

1.3 STAKEHOLDERS
There are four main stakeholders in the project: POC, 
LTU, the users and let us also take the planet in to 
account, see figure 2. And as it is with stakeholders, 
they all want different things.

THE COMPANY POC: The company wants an unique 
and innovative concept of a well-designed product 
with high quality. It’s also in their interests that the 
manufacturing isn’t too expensive. They want to sell 

many helmets, but they can also build their brand 
with products that are only used by a handful athletes, 
at least if they are professionals. The perfect product 
would be sold to many people and at the same time 
used be world class athletes.
THE UNIVERSITY: The university wants a Master 
Thesis with scientific relevance and a good result to 
maintain the reputation of the education quality.

THE USERS: The users need a product they can 
trust, use for a long time, enjoy using and that let them 
perform at maximum level in their sport. They also 
need the helmet to follow certifications required by the 
ISMF, otherwise they won’t be allowed to compete.

THE PLANET: For the wellbeing of our planet, the 
product should be sustainable, have a long life and 
leave a small footprint.

1.4 OBJECTIVES AND AIMS
To cope with the new rules in ski mountaineering 
competitions, to widen the product catalogue of 
POC and to make ski mountaineering safer and more 
enjoyable, a double certified helmet was to be designed. 
The end goal with the project was a product concept 
fully ready to be prototyped and tested for both EN 
12492 – mountaineering helmets and EN 1077 – ski 
helmets standards.

1.5 PROJECT PLANNING
According to S. Dow et. al. (2010), parallel prototyping 
in a design process leads to better and faster results 
than a serial approach. In their study, they let two 
groups go through a design process. One group used 
a serial approach where they made one prototype at a 
time and received critique on it, while the other group 
used a parallel approach where they did multiple 
prototypes before receiving critique. The parallel 
group significantly outperformed the serial group. 
Therefore, this project was performed using a parallel 
prototyping approach. Several prototypes were made 
before consulting users and other designers for critique.

But the project was not only parallel in sense of the 
prototyping and testing. It was also parallel in sense 
of ideation, context analysis and literature reviews. 

Figure 2: Stake holders
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Reading, interviewing and analyzing makes the 
creativity flow. It’s a waste to prevent that creativity 
from coming out by waiting until all the context 
is researched before starting any ideation. During 
literature reviews and context analysis a sketchbook 
was always at hand to allow for generation of ideas. 
Though, keeping in mind that the ideation had to 
continue until after the end of all context analysis, and 
remembering to be careful with any “first idea bias”.

1.5.1 THE DESIGN PROCESS
The design process of this project can be illustrated in 
multiple ways. One way is the Gant Scheme on page 
5. Another way of describing it is to illustrate it by a 
tangled string divided into four phases, see figure 3, 

Conceive (purple), Ideate (yellow), Develop (green) 
and Finalize (red). When tangled, the phases follow 
upon each other one by one. Like a linear process. But 
it’s just a simplified version of reality. An untangled 
string shows a truer version of the design process. The 
whole Conceive phase wasn’t done before the Ideation 
started, it wasn’t even done before the Develop phase 
started. The phases were performed together, not one 
by one.

Though, a report following the real order of the 
process would be a little chaotic and hard to follow. So 
sometimes this report will make it seem like the four 
design phases was performed in a linear way, just for 
the sake of making sense. But keep in mind that the 
process wasn’t as linear as it might seem sometimes.

Figure 3: The design process divided into four phases, Conceive (purple), Ideate (yellow), Develop (green) and Finalize (red)
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1.6 PROJECT MANAGEMENT
The project was mainly managed by me, the student, 
who was planning the time and was responsible for 
finishing the project. Some main checkpoints were set 
by the university. Those checkpoints have worked as a 
base for the project planning.

1.6.1 TIME MANAGEMENT
For time management, a Gant Scheme was created, see 
figure 4. Based on the set checkpoints, the activities 
were planned, while keeping in mind that I wouldn’t 
work with one phase at a time. So in the Gant Scheme 
the phases were planed parallel.

1.6.2 PROJECT BUDGET
Time rescores are around 20 weeks of full time work by 
one person. That means 40 hours a week, a total of 800 
working hours. To make prototypes, some materials 
must be bought these will mostly be paid by the 
university. Other things needed is computer software 
like Siemens NX, Autodesk Alias and Microsoft word, 
also these are payed for by the university.

1.6.3 COMMUNICATION
Communication with the contact at POC was through 
emails and meetings at their office and Skype. 
Communication with the supervisor was through 
email, meetings at the university and Skype meetings.

1.6.4 TEAM
Master Thesis Student: Mikaela Zernell,
mikzer-4@student.ltu.se
Supervisor: André Liem, Andre.Liem@ntnu.no
Contact at POC: Oscar Huss,
Oscar.Huss@pocsports.com

Figure 4: Gant Scheme

5



02 DESIGN RESEARCH
Theories relevant to the project has been researched, they include head injuries, 
manufacturing methods, anthropometry, and safety certifications.
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2.1 INDUSTRIAL DESIGN 
ENGINEERING
When mass production of artefacts started during the 
industrial revolution, the design of mass-produced 
artefacts had to start. So, during the twentieth century, 
the industrial designer became a profession. With the 
new methods of production came new requirements 
for the design of products (Heskett & Giorgetta 
1980). In an industrialised ever changing society, 
new technologies and new ways of production are 
developed. And so are the requirements and knowledge 
needed for designing. When products are getting more 
complex and specialized, the knowledge needed for 
designing the products must be more specialized. A 
designer doesn’t only need to know how to design, 
she also needs specialized knowledge in the fields 
concerning the specific product she’s designing.

2.2 HEAD INJURIES IN 
SKIING, CLIMBING AND SKI 
MOUNTAINEERING
In a study about injuries in ski mountaineering and 
ice climbing, Schindera et. al. (2005) stated that their 
findings showed that “head injury is the most frequent 
injury in glacial accidents related to glacial-crevasse 
or ice-field falls”, and their review reports a much 
larger percentage of head and facial injuries in ski 
mountaineering than studies made on normal alpine 
skiing and snowboarding. They suggest this is due to 
the higher speed in glacier falls and the hardness of ice 
compared to snow.

A study made by Russell at. al. (2010) indicates 
that skiers and snowboarders wearing helmets are 
significantly less likely to have a head injury than 
skiers and snowboarders without helmets, and that 
helmets did not increase risks of neck trauma. 

A study about climbing injuries showed that 
rock falls made up about 10% of climbing and 
mountaineering accidents and that in five out of the 
eleven cases of rock fall injuries, helmets clearly 
decreased severity of the injury, in two of those cases 
even saved the climbers from death (Schussman et. al. 
1990). Weather the other six people wore a helmet or 
not is not stated.

This data indicates the importance of helmet use in 
ski mountaineering. Helmet use can save lives, and 
significantly lower the risk of injury. The studies also 
show how important it is for ski mountaineers to wear 
a helmet certified for not only mountaineering but 
also skiing. Since the risk of head and facial injuries 
is higher in glacial activities compared to normal 
alpine skiing, ski mountaineers should wear helmets 
that protect their heads if they fall, not only from 
falling objects like the mountaineering helmets many 
wear today. Could it even be that one reason glacial 
accidents have a larger percentage of head injuries is 
that ski mountaineers don’t wear as protective helmets 
as alpine skiers?

2.3 HELMET MANUFACTURING
Helmets are usually constructed using a shock absorbing 
liner and a protective shell. The shock absorbing 
material is almost always expanded polystyrene 
(EPS), but in some cases it is expanded polypropylene 
(EPP) instead. The main difference between EPS and 
EPP is that EPP deforms elastic during a shock while 
EPS deforms plastic. This means that a EPP helmet 
can survive multiple hits while a EPS helmet only can 
survive one (Oscar Huss, personal communication, 
2019-01-26).

The protective shell is sometimes ABS and 
sometimes poly carbonate (PC) depending in the type 
of helmet (Oscar Huss, personal communication, 
2019-01-26). ABS is more shock resistant than PC, but 
PC usually allows for a lighter helmet. Typically, ski 
and skateboard helmets are made with an ABS shell 
while bike helmets are usually made with a PC shell, 
though many exceptions occur. Climbing helmets can 
be made with either PC or ABS depending on the type.

The production of a PC and EPS helmet is described 
in a video by How It’s Made (2015), see figure 5. The 
process starts with vacuum forming of the PC shell. 
The shell is then cut, either by hand or by a robot, 
depending on the quality of the helmet. After that 
the shell is placed in one of the two halves of the 
EPS mould. Beads of polystyrene are heated up and 
expanded by hot air. The beads lie in a container and 
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hot air flows through from the bottom, this makes the 
beads move around and gives them space to expand. 
The expanded beads are poured into the mould and hot 
steam make the beads melt together with each other 
and with the PC shell.

This works well because the PC shell and the EPS 
liner shrinks as much as each other when cooling. 
EPP is produced in the same way as EPS but can’t 
be moulded together with a PC shell since the two 
materials shrinks differently during the cooling. 
Therefore, EPP helmets are either made with an ABS 
shell or with no shell at all (Oscar Huss, personal 
communication, 2019-01-26).

A helmet with an ABS shell is made using a similar 
method, but the shell and the liner is mounted together 
after its moulded.

It’s also possible to construct helmets with 
composite shells, for example carbon fibre. These are 
also mounted after the moulding like with ABS.

Even though this production method works with 
plastic beads and not melted plastic, it has it similarities 
with injection moulding. And as with any other 
production of plastic articles involving moulds, the 
production is cheaper with less complex tools. When 
analysing existing helmets, studying the parting lines, 
mould lines and other features, I have noticed that 
the mould usually works from three angles, top/front, 
back, and bottom/inside. Meaning they are designed 
with three sections all having different mould and draft 
angles.

The chin straps are usually attached to the helmet 
using pieces of plastic. Most often in three points, one 
on the left, one on the right and one in the back. On 

climbing helmets these pieces of plastic usually have 
the function of attaching headlamps as well by being 
like clips around the headlamp band.

2.4 HEAD ANTHROPOMETRY
In a study of head and face dimensions by Young 
(1993) the length and breadth of heads was measured 
on a random composition of US females and males 
over 25 years of time. The result is presented in a 
graph where the data range is plotted as a function of 
percentile distribution, see figure 6.

This measures the overall dimensions and shows 
that heads vary a lot in size and it could be used as a 
reference when deciding what sizes the helmet should 
be produced in. But it doesn’t show the shape of the 
heads. That is too complex to be described in a simple 
graph. But there is a tool made to show the median 
shape of heads, it’s called headform.

2.4.1 HEADFORMS
The fit of headgear is very important for both safety 
and comfort, so anthropometry is critical for a good 

Figure 6: Length and breadth of heads

Figure 5: Manufacturing of a PC and EPS bike helmet
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design (Karwowski, 2011). But the data can be time 
consuming to collect. Though, there is a tool called a 
headform developed to make things easier. It’s a shape 
representing a median human head, and there’s various 
versions available (Karwowski, 2011).

The most widely accepted headform is the European 
standard EN960, it’s often used in safety testing of 
helmets (Karwowski, 2011). There is a total of 23 
various headforms in the standard, 13 European heads 
in various sizes and 10 Chinese heads in various sizes 
see figure 7.

Since the headform standard EN960 is used 
for safety testing and certification of helmets, it is 
important to at least in some aspects, use as a reference 
when designing a helmet. For example, the required 
coverage of helmets is defined on the EN960 headform.

Though used for testing, this standard is not the most 
suited for fitting head and face gear since it doesn’t 
have a face and has little details to the shape. But there 
are a number other headforms that have faces and are 
better suited for fitting, though no European standard.

2.5 SAFETY CERTIFICATIONS
The main goal with this project is to design a helmet 
certified for climbing and skiing. As mentioned before 
the International Ski Mountaineering Federation 
require helmets in ski mountaineering competitions to 
follow the two certifications EN 12492 and EN 1077 
classB.

2.5.1 EN 12492
EN 12492 is a EU standard for mountaineering helmets. 
It requires helmets to be designed in certain ways and 
perform in tests of shock absorption, penetration, and 
resilience of the retention system. As an example, the 
helmet shouldn’t have sharp edges that can get stuck 
or be made from skin irritating materials. The tests 
are supposed to simulate scenarios in mountaineering 
which means the shock absorption tests is performed 
with strikers falling on to the helmet just like rocks can 
fall from mountains. Before the tests are preformed, 
the helmet goes through UV and thermal ageing 
(Standardiseringen I Sverige, 2000).

SHOCK ABSORPTION
Mountaineering helmets are tested with an impact from 
a falling mass onto a fixed headform (Satra Technology, 
n.d), it’s hit from the top with a hemispherical object of 
5 kg from 2 meters’ height. In another shock absorption 
test, the helmet is tilted 60 degrees to the front, the 
back and side and hit with a flat striker from half a 
meter. The transmitted force through the headform in 
these tests should not be more than 10kN. See figure 8.

Figure 8: Illustrations of some test procedures for EN 12492

Figure 7: Series of headforms

9



PENETRATION
For the penetration test a pointed cone of 3kg is dropped 
from a height of 0.37 meters. The helmet needs to be 
safe from penetration in the area marked in figure 10. 

 

2.5.3 DESIGNING FOR CERTIFICATIONS
Since the results in these tests mainly depend on 
how the materials behave it’s hard to calculate with 
simple math – it’s such complex systems. CAD and 
FEM analyses are possible but very dependent on 
their material libraries. A more common method when 
designing helmets is to start with a previous helmet as 
a base, then let the new helmet have similar dimensions 
as the already tested helmet (Oscar Huss, personal 
communication, 2019-01-26).

EPS and EPP can have different density depending 
on how much the material is expanded during the 
production. By changing the density, you change the 
shock absorbing properties and the weight. A denser 
liner usually means better shock absorbing properties 
but also more weight. But there is a third factor, the 
volume, or thickness, of the helmet. A higher volume 
means better shock absorbing properties, which means 
you can have a lower density, and so also a lower 
weight. To conclude and simplify, a thick helmet/a 
high volume helmet equals a light helmet (Oscar Huss, 

personal communication, 2019-01-26).
The way penetration tests are performed in the 

ski helmet standard makes it difficult to have good 
ventilation. The cone shaped striker can be dropped 
onto any point of the head within the required coverage 
area. This means that a big ventilation hole will create 
free access for the cone to hit the head form.

Figure 10: Coverage for penetration

PENETRATION
The helmets are also tested for penetration; a conical 
striker of 3 kg is dropped onto the helmet from a height 
of 1 meter. Any contact between the helmet and the 
headform wearing the helmet is noted and means the 
helmet failed the test (Satra Technology, n.d).

2.5.2 EN 1077 CLASS B
Just like mountaineering helmets, ski helmets are tested 
for shock absorption, penetration, design, and resilience 
of the retention system after being conditioned with 
UV and thermal ageing (Standardiseringen I Sverige, 
2000). The main difference is the way of testing shock 
absorption and the field of coverage, helmets must 
cover the area above the BCA’-line, see figure 9.

SHOCK ABSORPTION
Satra Technology (n.d), writes that in the case of 
ski helmets, the headform is dropped from a height 
of approximately 1.5m onto a flat anvil. Here the 
maximum allowable acceleration is 250g (2453m/s2).

Figure 9: Class B helmets must cover the area above the BCA’-line
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2.6 RESEARCH TAKEAWAYS 
Head injuries in ski mountaineering can be severe or 
deadly, but can be mitigated by using a helmet.

Helmets are usually produced by expanding plastic 
beads into a shock absorbing material. By expanding 
the beads more, the shock absorbing material gets a 
lower density, and by expanding them less the material 
gets a higher density.

A low density high volume helmet is lighter than 
a high density low volume helmet with similar shock 
absorbing properties.

An easy way to design a helmet that fits well on 
most peoples heads is to use headforms.

To design a helmet that can be EN1077 and 
EN12492 certified one can use similar dimensions as 
existing helmets with the same certifications.
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03 METHOD
The methods used in the project has been: a survey asking users for insight and 
opinions; analysis of the brand POC; competition research; observations; idea generation 
- including 6-3-5 and body storming; and creation and evaluation of prototypes.
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3.1 LITERATURE REVIEW
A literature review was made concerning some areas 
involved in the project. For example, head traumas in 
the sport of ski mountaineering, as well as materials 
and production methods to use in helmets, certification 
tests, and head anthropometry was investigated. The 
articles were found using Google Scholar.

Search words were: ski mountaineering head injuries, 
skiing helmet head trauma, head anthropometry, high 
density expanded polystyrene, EN 12492, EN 1077, 
helmet design.

3.2 SURVEY
A survey was constructed to get an overview of what 
experiences ski mountaineers had with their helmets. 
The survey was made using Google Forms and 
consisted of eleven questions varying between multiple 
choice and short text answers. A first draft of the survey 
was made and then evaluated by two recreational ski 
mountaineers. They were asked to read the questions 
and give feedback on how the survey was constructed 
and the correctness of statements concerning the sport. 
They commented on how some questions could be 
formulated better. The survey was then edited and sent 
out to ski mountaineers in Facebook groups and in 
a Reddit forum. The survey was answered by 29 ski 
mountaineers.

The results from the survey was noted and analysed. 
Some analysis was made to see how different user 
groups differed in their experiences. For example, 
the answers from competitive ski mountaineers and 
recreational ski mountaineers was compared with each 
other. This way it was possible to see what the groups 
had in common and where they differed.

3.2.1 FURTHER CONTACT WITH 
USERS
When posting the survey on Facebook, users discussed 
the topic of ski mountaineering helmets in the comment 
sections, this led to some more insight. To clarify 
some things, I reached out to these people with more 
questions through direct messages on social media.

In the survey, the participants were also asked to fill 

out their email addresses if they were willing to answer 
more questions later. Of the people who did this, four 
answered, not only the follow up questions but also 
some follow up follow up questions.

3.3 BRAND DNA
Stompff (2003) states that “product design should 
be rooted in the culture of a company to ensure a 
consequent message”. Therefor, it’s important that 
the design of this helmet follows the design of other 
POC products to ensure the brand communicates a 
consequent message and that the design is rooted in 
POC’s culture.

To analyse the brand of POC and their design 
language, their line play and recurrent design elements 
was analysed. To study the line play, some signature 
lines was drawn on transparent images of their 
products. Furthermore, the brand of POC was briefly 
analysed on a market level.

3.4 COMPETITION RESEARCH
There are multiple helmets on the market that offers 
a dual certification. These helmets were studied for 
multiple reasons. Number one is for dimensions and 
materials. The cheapest way to find out the material 
thickness needed for safety and certifications while 
maintaining a low weight is to measure another 
helmet. This way one can find an approximation of the 
thickness needed without even testing it at all.

Number two is for functions. Many helmets have 
interesting solutions for sub functions like mount of 
head lights or goggles; or chin buckles, brims and 
visors. Seeing how others has solved these things might 
give inspiration, but also insight in existing problems. 

3.5 OBSERVATION
Observations of the user scenario was made using 
mainly two different methods: YouTube Videos and 
some light participating observations.

3.5.1 VIDEO OBSERVATIONS
To understand the sport better, various videos of ski 
mountaineers practicing their sport was watched and 
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studied. Some of the videos included first person views 
from sprint competitions, others were documentaries, 
one about a man with the vision to climb some of 
Norway’s most classic mountains, all in one day.

3.5.2 PARTICIPATORY OBSERVATIONS AND 
EXPERIENCES
A participating observation is to observe and ask 
questions to a user while she is preforming a task 
(Wikberg et. al, 2017). The nature of this project 
made that the observations automatically also resulted 
in experiences. The easiest way to observe someone 
climbing a mountain is to also climb the same mountain 
with them. This leads to experiences. The activity 

observed and experienced in this project was ski 
touring – a light version of ski mountaineering easier 
for beginners like me to participate in. During two 
days in Norway we walked up small mountains on skis 
with skins, every tour took us about four exhausting 
hours to reach the top and 15 fun minutes to ski down 
again. In total, we did four tours. See figure 11.

3.6 IDEA GENERATION
As mentioned before, the project follows a parallel or 
non-linear process and the idea generation has taken 
place throughout the whole first half of the project. The 
main method of ideation has been to sketch down ideas 
as they come, see figure 12. But even more forced idea 

Figure 11: A ski tour in Norway
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3.6.3 THUMBNAIL SKETCHES
When minimum thickness for the helmet was decided, 
a basic sketch of a head with the EN960 standard 
headform and minimum-thickness-helmet was made 
using vector graphics. This was then printed with low 
opacity and used as a base for thumbnail sketches of 
helmet designs, see figure 13.

The thumbnail sketches were scanned and the ones 
that I thought had the best silhouettes and profiles was 
traced with vector graphic tools. It ended up being 20 
silhouettes. These were again evaluated by me and 
divided into the three groups: good, okay, and bad, see 
figure 14. All the good ones and half of the okay ones 
were passed on to the next step of the evaluation.

3.7 WISDOM OF CROWDS 
EVALUATION
Wisdom of crowds is a phenomenon in statistics and 
psychology. If a crowd of people are asked to take a 
guess at something, say the amount of jelly beans in a 
glass jar, or the weight of an ox, most the people won’t 
guess very close to the right answer. But if you ask a 
large group of people and calculate the average value 
of all the answers, you will get something very close 
to the right answer, depending on the size of the crowd 
(Galton, 1907).

generation has occurred as well. Every sketch has been 
given a number, both as a way of keeping track of the 
number of ideas, but also to be able to refer to ideas 
later.

I used a sketchbook dedicated for this project in 
which I didn’t allow myself to draw anything too 
sloppy. Workshops like 6-3-5 was performed on 
separate papers, and after the workshop the ideas was 
drawn down in the sketchbook. This way all ideas was 
stored in the same place and were easy to look through.

3.6.1 BODY STORMING
Ideas has been explored, generated and evaluated 
using body storming. According to Schleicher (2010) 
body storming can refer to many different methods. 
One of them – the method used in this project – is a 
way of exploring ideas by acting out a user scenario. 
For this project that meant re-enacting the helmet use 
during ski mountaineering.

3.6.2 6-3-5
The method 6-3-5 is a method where six people 
generate three ideas each in five minutes, they then 
pass their ideas around and build on each other’s 
ideas for five minutes, repeating this process until 
everyone has built on everyone’s idea (Wikberg et. al. 
2017). In this project the method was used with three 
people developing two ideas each in five minutes. So 
maybe we can call it the 3-2-5 method. It was used in 
a workshop together with two other master students at 
Industrial Design and Engineering.

Figure 12: Sketch book

Figure 13: Base for thumbnails and example of use of said base

Figure 14: Silhouettes divided into three groups, good, okay, and bad.
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In the same way, my design evaluation skills might not 
be enough to determine which of the designs are best, 
but I can take a guess, and so can other design students. 
In this way Wisdom of Crowds were used as a design 
method.

3.7.1 SILHOUETTE EVALUATION
The helmet silhouettes were now presented in a 
Google Form with the goal to use the wisdom crowds 
to determine which of the twelve similar shapes was 
the best looking. And what crowd is better suited to 
evaluate designs than designers and design students? 
So, the form was posted in a Facebook group for 
design students at Luleå University of Technology.

In the form, the participants were asked to grade 
the helmets on a scale, one to five, see figure 15. The 
twelve chosen silhouettes were presented in random 
order, different every time. Hidden in the mix was 
also three silhouettes of existing helmets, of course 

presented in the same style. These were: La Sportiva 
Combo, Dynafit DNA and POC Obex. It must be noted 
here that POC Obex was presented without its ear pad 
to match the appearance of the other helmets. Since it’s 
designed to have ear pads, this made it look a bit weird, 
and the result for this one might not be trustworthy.

3.7.1 PROFILE EVALUATION
The same procedure was then executed again but with 
whole profiles of the helmets including ventilation 
holes, parting lines and other elements. My 23 favourite 
thumbnail sketches were traced with vector graphics 
and presented in random order in a form. This time 
four existing helmets were hidden among the other 
designs. The form was posted in the same Facebook 
group as before and answered by a crowd of design 
students, see figure 16. The existing helmets hidden in 
the mix made it possible to evaluate the quality of the 
designs by comparing the score of the real helmets and 

Figure 15: Silhouettes presented in a form Figure 16: Profiles presented in a form
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the design concepts. The real helmets presented were 
three SKIMO helmets: La Sportiva Combo, Dynafit 
DNA and Salomon MNT Lab, and one ski helmet from 
POC – POC Obex.

3.7.3 INSTAGRAM POLLS
As a fast evaluation tool for both profiles and 
silhouettes, Instagram Polls has been used. When 
nudging the design of the profiles, it was helpful to ask 
people which out of two versions of a design they liked 
the most. Instagram stories were made with images 
of the two versions and a poll asking my Instagram 
followers which one they liked the most, see figure 
17. It was a great compliment to the Google forms. 
It generated more answers in a shorter time than the 
forms. Though, it got less information per submission. 
But it really was a time saver. It took me less than 30 
seconds to post a poll and it gave fast feedback from 
which I could make a design decision and move on 
through the process.

3.8 PROTOTYPES
Isa et. al. (2015) studied how prototyping effected the 
idea generation and found that early prototyping had a 
positive effect on the number of ideas generated. So, 
for the ideas regarding functionality, early prototypes 
were made. This increased the possibility for iterations 
and created even more ideas. It also allowed for 
evaluation and user testing early.

An old bike/skate helmet was used for the prototypes. 
The helmet had a ABS shell and a EPS liner. The looks 
of it was close to a generic helmet so it was suited 
for prototypes in that sense. But the fact that it had a 
thick ABS shell was a bit troublesome since most light 
weight helmets are made with a lighter and thinner 
PC shell. And it is important for ski mountaineering 
helmets to be light weight.

3.9 PROTOTYPE EVALUATION
The prototypes were evaluated and tested. By me and 
by two other people. When the prototypes were tested 
on other people they were asked to interact with them 
in various ways. How they interacted, the time it took, 
and how they felt about it was noted and used as a 
ground for further development and for ideation of 
new ideas.

3.10 CLAY MODELS
The main tool for creating three-dimensional shapes 
out of the two-dimensional sketches was industrial 
clay.

An inside shape of the clay helmet was created 
using CAD and rapid prototyping, also known as 
3D-printing, see figure 18. To create this inside shell, a 
headform with the size medium was used as a base. The 
shell was then created so that it covered the area of the 
head specified in EN 1077 – the ski helmet standard. It 
was printed twice as bases for two clay helmets.

Figure 17: Examples of Instagram polls Figure 18: Inside shell for clay models getting ready for 3D printing
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With this inside shell, I could make sure dimension 
requirements were fulfilled –  mainly thickness and 
coverage. But it would also let me try on the helmets 
to see how the design would work on a head. To make 
it easier to work with, the shell was placed on a piece 
of plastic foam, see figure 19.

The shells were covered with a desired layer of clay, 
see figure 20, and shaped to a desired shape. The side 
profile of the helmets had been chosen with Wisdom 
of the Crowds. To transfer this profile on to the clay 

model, tools in the desired shape were 3D-printed 
and used to shape the clay. The three-dimensional 
shape was worked through by carving the clay. First 
to achieve a basic shape, see figure 21, and then by 
refining it more and more to create a good curvature 
and a pleasing shape from all angles, see figure 22.

The bottom edge of the helmets was made by 
printing the decided shape on normal paper and cutting 
it out with scissors. It was then transferred to the clay 
by tracing the paper and then carved out, see figure 23.

Figure 19: 3D printed shell on plastic foam

Figure 21: Carving a basic shape

Figure 20: Adding a desired layer of clay
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The two clay helmets were made in to four different 
designs, meaning one model had different designs on 
the right and left side. Three of the designs had been 
chosen using wisdom of crowds and one because it 

was my personal favorite.
The different designs were put on to the helmets 

using a projector and tape, see figure 24 and 25. Then 
the ventilation holes and parting lines were carved in 
to the clay.

Figure 22: Refining shape

Figure 23: Carving bottom edge

Figure 24: Taping ventilation holes Figure 25: Using a projector to apply designs
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3.11 3D SCANNING
All concepts were scanned and one would later be used 
as a base for surface modeling of the final design. See 
figure 26.

3.12 CONCEPT CHOICE
The clay models were photographed from multiple 
angles and photoshopped to be presented to the 
company, users and other designers for evaluation. 
The photoshopping was made mainly for two reasons: 
to make the ventilation holes darker, and to mirror 
photos from the front and back so that the half design 
would appear as whole designs.

Users and other designers was consulted through a 
form on the Internet, see figure 27. The form asked the 
participants to arrange the concepts from “most likely 
to buy/want” to “least likely to buy/want”

At this point a fault with all the designs was spotted. 
I had until this point over looked the function of 
parting lines and draft angles. And so, the designs 
weren’t optimized for manufacturing. An iteration was 
made back to the sketch board. The four designs were 
updated with new parting lines to allow for better and 
cheaper manufacturing. On the helmets I had studied 
earlier, parting lines and mold lines was found in places 
suggesting that tools worked from three angles during 
manufacturing. Because of that, I wanted my design 
to allow for the mold tool to work from maximum 
three angles also, front/top, bottom/inside and back. 
This resulted in new appearances for all four designs. 
But only one of the designs worked well with the new 
parting lines. So, that made the concept choice easier.

3.13 CAD
The first step of CAD was to create the main shape 
through surface modeling based on scan data. Here it 
was important to make the curvature perfect throughout 
the whole surface. Countless numbers of methods 
were tried to achieve a good surface. But the method 
I ended up using was to revolve the front profile and 
then manually moving the CV points of the surface to 
get as close to the scan data as possible, see figure 28. 
This method created better curvature than any other of 
the tried methods, though it might not follow the scan 
data as strictly as other methods could’ve achieved. 
But the quality of the curvature was valued higher, and 
so this was the most suited method to use, see figure 
29.

To create ventilation holes and parting lines, the 
scan data couldn’t be used since the appearance had 
changed to allow for new parting lines. Instead a vector 
image of the iterated design was used as a reference. 
In details around the ventilation holes the surfaces was 
created to achieve curvature with each other and they 
were analyzed to evaluate the quality of the surfaces. 
See figure 30.

Figure 26: Scan data

Figure 27: Design evaluation form
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A 3D model of ski goggles was placed on the headform 
to adjust the design so that the helmet would be 
possible to wear with goggles. Mainly by making sure 
no surfaces on the helmet interfered with the goggles. 
The goggles were also placed on the forehead of the 
helmet to make sure no ventilation holes were under 

3.13.1 DRAFT ANGLES
Through the CAD modeling, the surfaces were 
analyzed and modified to allow for draft angles, see 
figure 31 and 32. The exact angles from where the tools 
would come in a manufacturing process was decided 
based on the shapes.

3.13.2 FITTING
A headform made for designing face and head ware was 
used as a reference for fitting. Mainly as a reference 
for the inside of the helmet but also for things like 
modelling ear pads to comfortably cover the ears, see 
figure 33.

Figure 28: Main shape Figure 29: Main shape curvature analysis

Figure 30: Curvature in details Figure 31: Analyzing draft angles

Figure 32: Fixing problems with draft angles
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them, something many users had experienced as a 
problem, read more about this in the result section.

A 3D model of sunglasses was used to adjust the 
helmet design so that it allowed for sunglasses to be 
worn on the forehead of the helmet, also something 
requested by users, read more about this in the result 
section.

3.14 PROTOTYPE
The CAD-model was not only the base for renderings 
but also for a prototype. Using 3D-printing, CNC-
milling and vacuum forming, a prototype of the helmet 
was created, and with the help from a sewing machine 
ear pads was made, see figure 34. Some parts were 
painted to give the prototype a decried appearance. 
Everything was then glued together. This prototype 
could be used to evaluate the shape of the helmet when 
wearing it on the head.

 

Figure 33: Fitting to head, goggles and glasses

Figure 34: Sewing ear pads
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04 RESULTS
The project has resulted in information about users experiences of SKIMO helmets, 
users wants and needs, an analysis of POC products, around 90 ideas, prototypes for 
testing functionality, clay models for exploring shape, a concept decision and last but 
not least, a CAD model and a prototype of the final concept.
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4.1 BRAND DNA
POC produces high quality helmets, body protection 
and clothing. Their products are in the more expensive 
market range. Their products are often used by sport 
professionals. Their helmets are used in alpine skiing 
world cup competitions, in Tour de France and other 
big sport events. Therefore, it is of importance that the 
helmet designed in this project follows the guidelines 

parting lines rectangle in the back logo

angular ventilation chamfers ventilation integrated
in parting lines

Figure 34: Line play and reoccurring design elements in POC products

for helmet use in competitions. POC does also have 
high standards for safety, performance and appearance.
Some reoccurring elements in their design is rectangles 
on the back of the head, design elements like chamfers, 
and an overall angular appearance. In the line play, 
many lines meet in an angle of around 140 degrees, 
see figure 34.
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When working on the visual appearance of the helmet 
designed in this project, the reoccurring design 
elements and line play has been included. This is 
one way to make sure the design is coherent with the 
brand. However, the design has also strived to follow 
POC’s brand DNA on a bigger level. For example, the 
helmet has been designed to perform well enough for 
professionals to wear it on competitions, something 
that sometimes means the product will be more 
expensive to manufacture.

4.2 OBSERVATIONS
When trying out ski touring myself, I mainly noticed 
how fast the temperature could change. When walking 
uphill in the sun I was sweating like had I been in a 
sauna, even though I had taken of my jacket and was 
walking in a t-shirt. As we approached the cloud 
covered, windy top, see figure 35, it suddenly got 
extremely cold. The combination of pausing and not 
walking anymore, even just a quick stop to put on a 
jacket, and the wind blowing right through the soaked 
clothes made the experienced temperature go from 
pizza oven to liquid nitrogen in only a few seconds.

Another thing I noticed was how the wind could 
come from any direction. Thus, ventilations on ski 
mountaineering helmets can’t work the same way as on 
bike helmets where there’s always a headwind moving 
the air through the ventilation holes in the front to the 
ventilation holes in the back. I had a hypothesis that the 
wind would mainly be from behind or from ahead on 
the uphill since the air is pushed over the mountain and 
the wind should blow up or down. Though, it wasn’t 
that simple. The wind was turbulent and could come 
from any direction. Sometimes it was quiet steady 
from behind, but far from always. 

During video observations of real ski mountaineers 
it was clear that speed was important, not only in 
the walking and skiing, but also in the transitions 
between the activities. Taking of the skins for example, 
something that took me several minutes, took only a 
few seconds for the professionals. This made it clear 
that any interaction with the helmet must be possible to 
do fast to not waste any time during a race. Figure 35: Skiers in the distance approaching the cloudy peak
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COMPETITIVE SKI MOUNTAINEERS:

“Sweaty goggles due to ventilation holes. You very 
rarely have goggles on the face of the way, but can 
be nice to have down if it snows or blows a lot.”

“The back mount on the helmet for the ski goggles 
band has broken when I had the helmet in the 
backpack.”

“Uncomfortable especially when attaching a heavy 
headlight and to much insulation”

RECREATIONAL SKI MOUNTAINEERS:

“Sometimes venting works too well on the 
downhill.”

“Lighter would be nice but currently not available 
for dual cert (12492&1077).”

“Doesn’t hold headlamp well”

“Had none.”

DESCRIBE ANY PROBLEMS YOU’VE HAD WITH YOUR 
HELMET WHILE SKI MOUNTAINEERING

4.3 SURVEY
The 29 ski mountaineers who answered the survey 
contributed with some valuable information. The most 
surprising thing was how much ski mountaineers use 
duct tape to fix problems they have with their helmets. 
Multiple people have said they use duct tape to solve a 
variety of problems. Mostly it’s used to tape ventilation 
holes in the forehead shut so that they won’t fog up 
goggles put up on the helmet, but it’s also used for 
other reasons, for example to tape goggle straps on to 
the helmet.

Recreational and competitive users differed a little bit in 
what functions they required and wanted. Competitive 
users valued light weight and compatibility with sun 
glasses higher while recreational users valued goggle 
straps higher. Here follow the results from the survey. 
See Table 1.

The results from the Facebook comment section 
discussions, and e-mail interviews are presented in 
table 2.

TABLE 1: SURVEY RESULTS
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“No ski certified helmets of comparable weight to 
ultralight climbing helmets, not durable”

“It’s heavy.”

“Heavy. Anything heavier than 300 gram is not 
interesting. Bad fit. Double certified helmets are 
often climbing helmets initially with a good fit 
but then with extra padding destroying the fit. 
Expensive. Would not spend more than 100 EUR.”

“Moving around because of weight, boa too tight 
on Dynafit DNA, too large volume.” 

“Old (climbing certified only) fit very badly and 
did not really protect you while skiing, only there 
for the rules! New style helmets (Dynafit DNA) fit 
way better and feels solid while skiing although fit 
can still be improved. One nice feature would be 
goggle “straps” on the sides (a lot of racers duct 
tape or use thin cords) so you can quickly get your 
goggles on/off without the strap snagging on the 
sides of the helmet!”

“Design, all double certified helmets look like a 
ball.”

“There are few helmets for small heads, which is a 
constant problem for me with a small head.”

“Having both cameras, headlamp & googles can 
create a mess, even putting goggles in backpack, 
you still need to attach headlamp and camera in 
an easy way.”

“The headlight clips are bad/hard to attach and has 
broken. Difficult to attach lamps that have a strap 
over the head.”

“Weight, bulky.”

“Ski helmet doesn’t work with headlamp, climbing 
helmet doesn’t work well with goggles.”

“Too hot on climbs, have to take it off and attach to 
my pack often.”

“It would be useless if I crashed at high speed.”
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WHAT FUNCTIONS (EXCEPT PROTECTING YOUR HEAD) 
WOULD WANT A SKIMO HELMET TO HAVE?
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COMPETITIVE SKI MOUNTAINEERS:

Recreational Ski Mountaineers:
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ARE THERE OTHER FUNCTIONS YOU WANT A SKI 
MOUNTAINEERING HELMET TO HAVE?

Durability, protection 
from rock and ice fall, 
durability in crashes

Removable ear warmer

Forward ventilation 
holes are useless as 
they fog up the googles, 
most racers tape them 
shut anyway!

Attachments for GoPro

Extremely good ventilation 

Should not empede vision. 

Low mass and also as low 
volume as possible is important. 
This is were all double cert 
helmets have failed so far. 

Look good

Good if easy to attach 
microphone to it

A helmet that can be used 
for climbing & skimo or a 
helmet that can be used for 
downhill skiing and skimo.

Some sort of attachment for 
a buff or/and facemask

users on competetive lever

users on recreational level

Possibility to wear 
glasses like this on the 
helmet

Goggle straps on the 
side like on the Camp 
helmet

TABLE 2: WISHES AND SUGGESTIONS FROM USERS IN DIRECT COMMUNICATION THROUGH DMS 
AND DISCUSSIONS IN THE COMMENTS ON FACEBOOK
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4.3.1 SURVEY TAKEAWAYS
The survey results together with some observations 
could be summarized as three problems to solve and 
six features the helmet should have.

1. Temperature Change. The first problem to solve 
is the drastic temperature change. How can a helmet be 
designed to not be to hot uphill while warming enough 
once on the windy top and on the downhill?

2. Foggy goggles. The second problem to solve is 
the goggle ventilation. Traditional forehead ventilation 
makes goggles worn passively on the helmet fog up, see 
figure36. Taping them shut solves the problem when the 
goggles are worn passively, but in the active position 
on the face, you won’t have as good ventilation to the 
goggles. So how can goggle ventilation be designed 
so that it doesn’t fog up goggles worn passively while 
still ventilating them when worn actively?

3. Ventilation and EN1077. The third problem 
is created as a combination of tests in the EN 1077 
standard for ski helmets and the users need for 
“extremely good ventilation”. The standard requires 
the helmet to withstand a penetration test in which a 
cone is dropped onto the helmet. Big ventilation holes 

make it easy for the cone to penetrate the helmet, if the 
hole is just as big as the cone the helmet wouldn’t even 
stand a chance of pass this test. So how can the helmet 
have good enough ventilation while still passing the 
penetration test?

On to the requested features.
1. The users want to be able to where sun glasses in 

a passive position on top of the helmet. 
2. They want head lamp attachment. 
3. It should look good. 
4. Side straps for goggles are requested. 
5. It should be colourful so that it’s easy to detect in 

the mountain terrain. 
6. And of course, it needs to be lightweight.

4.4 COMPETITION ANALYSIS
In the competitor analysis, it was found that La Sportiva 
Combo is the lightest dual certified ski mountaineering 
helmet on the market today while Petzl Sirocco is the 
lightest climbing helmet. Most lightweight helmets are 
made from EPS and PC while Petzl Sirocco also uses 
EPP. See Table 3.

Figure 36: How goggles fog up

30



magnetic buckle, small 
closeble vent, headlamp 
mount, size adjustment, 
audio ready, goggle strap

DYNAFIT DNA
SWEET PROTECTION
IGNITER ALPINISTE

sub functions:

materials

weight

certifications

ABS

EPS

EN12492

EN1077B

580g 300g 360 size adjustment, high 
ventilation, headlamp 
clips

sub functions:

LA SPORTIVA COMBO CAMP SPEED COMP

composite

price

1500kr
price

1600kr
price

1100kr
price

1090kr

materialsc ertifications

PC

EPS

EN12492

EN1077B

carbon

weight

290g size adjustment, 
headlamp compatibility

sub functions:

materialsc ertifications

EN12492

EN1077B

EN12492PC

EPS

weight

360g size adjustment,
padding lined with 
microfiber for sweat 
absorption, headlamp 
clips, goggle straps

sub functions:

materialsc ertifications

EN1077B

PC

EPS

weight

POC OBEX SPIN

290g size adjustment,
SPIN, adjustable 
ventilation, vents to 
evacuate goggle steam, 
compatible with POC AID

sub functions:

materialsc ertifications

EN1077B

ASTMF2040PC

EPS

ABS

weight

magnetic buckle, 
headlamp clips, size 
adjustment

DYNAFIT DAY MAKERPEZTL SIROCCO

sub functions:

materials

weight

certifications

EPS

EPP EN12492

170g 390g built in headlamp, size 
adjustment

sub functions:

LA SPORTIVA COMBO

PC

price

1050kr
price

1900kr
price

1500kr
price

580g

materialsc ertifications

PC

EPS EN12492

weight

310g size adjustment, closeble 
ventilation on top, well 
ventilated back

sub functions:

materialsc ertifications

bike

PC

EPS

weight

DUAL CERTIFIED SKIMO HELMETS

OTHER INTERESTING HELMETS

TABLE 3: COMPETITION ANALYSIS
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A. 26
B. 26
C. 33
D. 26
E. 28
F. 23
G. 32

• A

• B
• C

• D • E

• F

• G

• H

• I • J

• K
• L
• M

H. 29
I. 20
J. 19
K.16
L. 28
M. 24

(mm)

TABLE 4: MESSUREMENTS OF LA SPORTIVA COMBO

4.4.1 DIMENSIONS OF LA SPORTIVA COMBO
The lightest SKIMO helmet was showed to have a 
thickness varying between 16 mm and 32 mm. It was 
the thickest in the middle of the crown. See table 4.
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Two of the more promising ideas were: magnetic 
attachable ear pads to solve problem one – Temperature 
Change, and ventilation canals to the forehead as a 
way of solving problem two – Foggy Goggles. The 
ventilation canals could also work as a way of solving 
problem three – Ventilation and EN1077. Canals can 
make it possible to have a bit bigger ventilation holes 
while still passing penetration tests because the holes 
wouldn’t give the cone used in such tests a free path 
right through. 

4.5 IDEATION
The Ideation resulted in a series of ideas concerning 
aesthetics and functionality. It ended up being around 
90 ideas, everyone with a number for track keeping, 
see figure 37 and 38. The ideas included things like a 
foldable helmet, headlamps attached to the helmet with 
a “click”, multiple layers of EPS with varying density 
to maybe get better shock absorbing properties, and 
a way of attaching the helmet to the backpack so that 
it could be worn almost like a hoodie, among many 
others.

Figure 37: Ideation sketches
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Figure 38: Selection of thumbnail sketches

4.5.1 THUMBNAIL SKETCHES
The sketching resulted in several thumbnail sketches, 
see figure 38, some of which were refined to vector 
images, both as profiles and silhouettes, see figure 39 
and 40.
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Figure 39: Silhouettes and their given number. 

Figure 40: Profiles 

72 71 70 60

54555759

52 46 42 37
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4.6 SILHOUETTE EVALUATION
42 people responded to the form. Their general favorite 
was 37. It was also graded higher than the three 
existing helmets added for comparison, see figure 41. 
Why they preferred this one we can only speculate. 
But it did have a bit more flowing lines than the rest, 
bigger radiuses on the bottom line and had a upwards 
direction.

4.6 PROFILE EVALUATION
When evaluating the profiles none of the designs got a 
better score than POC Obex and Salomon MTN Lab. 
Though many designs were more liked than Dynafit 
DNA and La Sportiva Combo. The four designs 
chosen for further development had the numbers: 47, 
52, 77 and 83, see figure 42. Three of them were the 
designs with the highest scores and one of them, 77, 

Figure 41: Results from the silhouette evaluation

Figure 42: Results from the profile evaluation
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was chosen because it was different from the other 
designs. It also had an appearance not seen in other 
helmets on the market today, but it still got a quite high 
score in the survey.

Again, we can only speculate in why people in the 
survey preferred the profiles they did. But some of the 
top voted designs shared a clear frontwards direction. 
The results also indicate that people seem to prefer 
designs with a clear visual hierarchy. But no matter 
the reasons why people voted like they did, the four 
chosen designs do have frontward directions. They 
have continuity in the line plays, meaning many of the 
lines are parallel to each other or at consequent angles. 
And they have quite strong visual hierarchs. Though, 
iterations were made to further strengthen the visual 
hierarchs and the continuity of the designs.

4.7 PROTOTYPES
Two ideas regarding functionality was made into mock 
up prototypes, idea number 1 and number 11. Idea 
number 11 went under the working title “removable 
ear pads” and is what it sounds like, removable ear 
pads. They were attached to the helmet using magnets 
with the hope that it makes them easy to attach see 
figure 43 and 44.

Idea number 1 goes under the working title “hood”. 
It’s the idea that the helmet is attached to the backpack 
in a way that makes it possible to remove like a hood.

4.7.1 EVALUATION OF REMOVABLE EAR PAD 
PROTOTYPE
Two people were asked to remove and put on one 
removable ear pad prototype, preferable by keeping 
the helmet on, but not a requirement.

PERSON 1: On his first try it took him 10 seconds 
to remove the ear pad with no errors. Completely 
acceptable. Though to put it on again took him 30 
seconds and he had to take the helmet of completely. 
Not as acceptable. This was because he had trouble 
getting the buckle through the strap on the ear pad.

He said that he liked the magnetic part of putting the 
ear pad on, felt easy and nice but he questioned if the 
strap was needed at all. After discussion, it was figured 
out that the pads might fall off if its windy and they 
are only attached with only magnets. This also led to 
the insight that the pads might blow away during the 
action of putting them on or taking them off which led 
to other ideas for mechanisms of taking of the ear pads.

The test subject also mentioned that the pads should 
be identical on right and left so that you don’t have 
to find the right one, for example by making them 
symmetrical.

PERSON 2: The second person had to remove the 
helmet to remove the ear pad on his first time. It took 
him 13 seconds, it took 17 seconds to put it on again, 
also this time he removed the helmet before. He was 
then asked to try without removing the helmet, it then 
took him 20 seconds to remove the ear pad. This was 
because the buckle got stuck in the strap on the ear 
pad. Again, it took him 17 seconds to put the ear pad 
on.

When asked about feedback he said that he wanted 
an audial confirmation when the pad was on. It was 
hard to know if the magnets had been attached. It 
needed to be easier to know if you had succeeded in 
putting the ear pad on.

He suggested that the strap on the ear pad should be 
replaced with a magnet as well. It was easy to do this 

Figure 43: Ear pad prototype
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Figure 45: Hood prototype in use

Figure 44: Ear pad prototype in use

modification to the prototype, so this idea was tested. 
It worked good. The ear pad could be removed or put 
on much faster.

Other suggestions he made was to attach the left and 
right ear pad together. Either by having them constant 
sewn together with a strap or by making it easy to 
attach them together when they’re off, for example by 
using the magnets.

4.7.2 EVALUATION OF HOODIE PROTOTYPE
The same people were asked to test the “hood” 
prototype, see figure 45. Person 1 was skeptical to the 
idea and didn’t think it worked so well. Person two 
was enthusiastic about the idea but thought it needed 
some changes. He suggested that the strap attaching 
the helmet on the back pack could be on a roll, so that 
when the helmet was off the strap can be rolled in and 
short, and rolled out and long when the helmet is on.

However, further investigation of these solutions 
made it clear that the concept couldn’t be made light 
enough. A roll or any other solution makes the concept 
too heavy to be on a ski mountaineering helmet where 
lightweight is so important.

4.8 CLAY MODELS
The long days in the clay studio resulted in four 
concepts named A, B, C, and D, see figure 46 and 47. 
All designs has the silhouette of sketch number 37, the 
silhouette with the highest score. Ventilation holes and 
other features on the different designs are based on the 
four selected profiles.
A is based on sketch number 47. It is the concept with 
the most forward direction and has a bit more flowing 
lines than the rest.
B is based on sketch number 52. Its most dominant 
feature is the big angled ventilation hole. And the 
direction of the design is slightly upwards.
C is the most toned down design, based on sketch 
number 83. It doesn’t have a lot loud features but is 
instead quite clean.
D is based on sketch number 77. Just as concept B 
it is pointing slightly up, the direction in which ski 
mountaineers spend most of the time going.
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Figure 46: Concept A and B 39



Figure 47: Concept C and D 40



4.9 CONCEPT CHOICE 
42 people answered the concept evaluation form. 
Their general favourite was A. But if we divide the 
answers into groups based on background we can 
see that people with a design background preferred C 
most. People with no relevant background and people 
with a SKIMO background preferred A. Oscar Huss, 
the contact at POC thought that C and D looked most 
balanced. Figure 48 shows the results from the survey 
without dividing the answers into groups.
Though, none of this information ended up being 
the base on which the concept choice was made. As 

mentioned before, the parting lines in the clay concepts 
was not thought through from a manufacturing point 
of view, see figure 49. And the concept that worked 
best to modify for better parting lines and cheaper 
manufacturing was concept D. Figure 50 shows where 
a parting line is needed. To make vacuum forming of 
the PC shell possible, and to be able to manufacture 
the liner with only tools working from three directions, 
back, front/top and bottom/inside, the parting lines had 
to be changed. The new parting lines allowed for draft 
angles in the vacuum forming and the expansion mold.

Figure 48: Results from the concept evaluation survey

Figure 50: Where a parting line needs to beFigure 49: Parting lines that doesn’t work

?
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4.10 FINAL RESULT
The result is a SKIMO helmet I chose to call POC 
Ibex, see figure 51. It’s a helmet with a double layer 
EPS liner, see figure 52 with multiple functions, all of 

which will be explained later. But basically, it allows 
for ventilation to the forehead without fogging up 
the goggles and helps withstanding penetration tests 

Figure 51: Rendering of the final result

Figure 52: Explosion view of the final result
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while still having big ventilation holes. It has Magnetic 
removable ear pads, see figure 53, that can be attached 
without removing the helmet.

It’s made from EPS and PC and on the top, it has 

an extra thick layer of PC for extra protection against 
rock fall and the tests in the EN 12492 standard. The 
ventilation holes on the sides can be used to hold 
sunglasses, see figure 54, and it has straps on the side, 

Figure 54: Clip section with glasses

Figure 53: Removable ear pads
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both to hold goggles and a head lamp, see figure 55. 
It also has a discrete goggle strap in the back with an 
integrated hook, see figure 56.

It is high in volume, see figure 57 and 58, which 
means it can be made with EPS of quite low density. 

The thickness is about the same as the lightest helmet 
on the market today, La Sportiva Combo, so it can 
possibly be as light or lighter, at least without ear pads 
on. Any size adjustment system or buckles are yet not 
designed, and the weight of the helmet is also dependent 

Figure 55: A headlamp on the prototype

Figure 56: Integrated strap for goggles in the back

Figure 57: Trying on the prototype
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on the design of these. With a light size adjustment 
system, like on Petzl Sirocco, it could possible become 
the lightest ski mountaineering helmet on the market.

Design wise, it has elements that are coherent with 
the brand of POC. The rectangle back and chamfers to 
name some. Also, the line play is made to follow the 
POC line play.

It comes in multiple colors, see figure 59, some of 
which are colorful enough to be seen from far away on 
a mountain which can be useful.

4.10.1 ATTACHABLE EAR PADS
The solution for problem one, temperature changes, 
are magnetic attachable ear pads. They are easy to put 
on without taking off the helmet, though some more 
testing and iterations of the design must be made for it 
to work perfectly, especially for the magnet attachment 
itself. But the basic concept is that magnets are placed 
both in the helmet liner and on the ear pads. The ear 
pads have rubber bands that the chin strap is thread 
through. By pulling the strap the rubber band flips to 
the opposite side of the ear pad and secures the pad 
tightly to the chin straps.

Figure 58: Trying on the prototype with goggles
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Figure 59: Different colors of the helmet
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4.10.1 DOUBLE LINER
The solution to both problem two and three includes 
the principle I have choose to call double liner. The 
helmet is manufactured with an extra step, instead 
of making one piece of EPS liner as helmets usually 
are manufactured, it’s made in two parts that are put 
together like Legos. They are then locked together by 
the same pieces of plastic that attaches the chin straps 
to the helmet.

This double layer system allows for ventilation canals 
to go to the front of the face without having holes 
under the goggles when they are worn passively on the 
forehead. At the same time, the ventilation canals give 
an extra protection against penetration because they 
don’t give the cone used in the test a clear path all the 
way in. The penetration test cone will be stopped by 
the layered EPS. See figure 60 and 61.

Figure 60: Pros with a double liner

Figure 61: Clip section
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80O

12O

25O

Figure 44: Angles of tools in manufacturing

4.10.2 TOOL ANGLES
The PC shell is designed to be manufactured in four 
parts. One part, the one on the top which is thicker 
than the rest for extra protection against rock falls. 
The other three are the same thickness but made from 
different angles. The main part is made from an angle 
of 25 degrees from the vertical plane. The back part is 
made from 80 degrees and the bottom 12 degrees. All 
with a draft angle of 1 degree.
 

48



05 DISCUSSION
Though I’m happy with the result there’s allays things to do better, work further, things 
I could have done different and over all thoughts about the project.
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5.1 OVER ALL THOUGHTS
Over all I’m happy with the result. It creates solutions 
for both problems experienced by ski mountaineers and 
for problems regarding the safety and certifications. 
I think the design is coherent with POC’s design 
language without being an exact copy of any of their 
existing helmets and the design is also thought through 
from a manufacturing point of view.

5.2 WHAT COULD HAVE BEEN 
DIFFERENT?
The work would probably have been better if I had 
thought about the functions of parting lines already in 
the sketching phase. When sketching, I had a vague 
feeling of being too free. Design sketching usually 
revolves around a problem or a set of fixed rules. 
When sketching in this project, I had no constraints 
for the visual design, and it made me feel way too free. 

If I had looked closer in to helmet manufacturing 
earlier in the project, I might had identified the needed 
set of rules and problems to keep in mind while 
sketching. For examples rules about how parting lines 
needs to be.

At the same time, I think the design had been 
better and more complete if I had started with the clay 
modelling earlier. If I’d had more time to explore the 
designs on clay, it might had been better.

5.3 FUTURE WORK
To improve the concept even more I suggest some 
testing of the prototype and iterating on it. The 
ventilation holes should be optimized for better 
ventilation, especially for wind from behind and 
the sides since some users complained about the 
ventilation being too good on SKIMO-helmets when 
downhill skiing with the headwind blowing in, making 
it too cold. The ear pads also need some more testing. 
Will they, for example, work on the top of a windy 
mountain? If not, can they be redesigned? Could this 
be solved in that case? My suggestion is some kind of 
hook that only allow the pads to be taken of if they are 
turns outwards.

The density and thickness of the EPS should be 
optimized by impact testing. This is an important step 
for weight optimization.

The CAD model also needs higher tolerances if 
it’s going to be manufactured with high quality. To 
save time during the CAD phase I have used loose 
tolerances, 0.1 mm.

Another suggestion is to explore the use of mixed 
materials in double liners. Is it for example possible to 
use one layer of EPS and one layer of EPP to give the 
helmet even better properties?

There is also of interest to explore the use of 
penetration proof materials between the two liners. 
A mesh or net of some kind between the liners could 
possibly help stopping sharp objects. But further 
testing and investigation is needed to know for sure 
and if that case what material is most suited for these 
net/mesh.

A way of making the helmet lighter would be to use 
the least needed amount of material on every point of 
the helmet. For example, around ventilation holes, the 
amount of shock absorbing material needs to be higher 
than on other places on the helmet since this area 
makes up for the absence of material in the ventilation 
hole. This means that in areas without ventilation, the 
material thickness can possible be decreased to save 
some weight. Maybe this could also be achieved by 
a double liner with two different densities shaped to 
have higher densities around ventilation holes and 
lower density in covered areas.

Engineers throughout history have learned the hard 
way that sharp corners in designs can create weak 
spots and products that breaks easily, sometimes with 
devastating consequences. In this helmet design, 
the sharp corners might not affect the safety in any 
devastating way, but it will, however, affect the air 
flow and the durability of the helmet. So, in future 
development, one should work on the design so that 
there are no sharp corners in the ventilation canals.

There are also aspects of the design that needs to 
be tested in a lab. Especially penetration tests on the 
ventilation canals. Will they work as planned?
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5.4 CONTRIBUTIONS
Even the smallest projects can, in their own little way, 
contribute to the collective knowledge of mankind, 
in this case, more specifically the area of design 
engineering. To use Wisdom of Crowds as a design 
method is something new I recommend everyone to 
try. To make it more professional one can create a 
Instagram account specifically for the design project 
instead of using their personal accounts as I did. 
Otherwise it was an interesting and fun method to use.

Regarding contributing to an improved life of the 

users, a lightweight, well designed helmet will make 
their adventures more pleasant.

And for the planet. High quality long lasting products 
will have a lower effect on the environment than low 
quality products with short lifespans. Hopefully the 
work put in to designing this helmet as well as possible 
will give it a long life. The plastics used in the helmet 
is thermoplastics, possible to recycle. If the helmet is 
manufactured with recycled plastic the contribution to 
a more sustainable earth is a little bit bigger. 
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