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Abstract

The master’s thesis, "Designing a modular binding system for alpine skiing" explores
the development of a versatile ski binding system that allows skiers to exchange
binding parts depending on user preferences. The thesis contains various work pro-
cedures and processes related to the project. The research concerns the collection
and interpretation of information obtained through patent research, market research,
interviews, brainstorming, and the narrowing down of ideas, and a conceptualization
phase to be able to design a digital model of a modular alpine binding system for
skiing.

The project stems from Alpine skiing being a popular sport that can be performed
in various ways. The skier can ski downhill in the ski resorts, o [=pliste, and tour up
the mountain (ski-touring). Within these styles of skiing, there are also dilerent
levels of skiing depending on skill, some extreme examples are alpine race skiing,
park skiing, and freeriding. Nowadays many skiers are very versatile and ski in
many di Lerent ways, hence bindings that also enable ski-touring have been available
on the market for some time. In recent years the ski-touring aspect of skiing has
grown increasingly popular. The options on the market are either expensive or a
trade-o [_dompared to a specified binding for a specific purpose dedicated to ski-
ing downhill in the resorts, skiing o [=pliste, or solely dedicated to ski-touring. The
interest in a modular binding system has therefore grown, a modular binding can
provide a dedicated binding for either choice of skiing as the binding parts could
be exchanged to best meet the demands placed on it for dilerknt types of skiing
without compromising the performance of the binding.

Provided the methodology used in the study, existing solutions and gaps in the
market could be analyzed, and a digital model of a modular alpine binding system
was developed using CATIA software (Computer-Aided-Design). The concept was
iteratively refined and evaluated through prototyping, assembly, and testing of 3D-
printed components, to ensure its feasibility.

The findings of this study indicate that the modular binding system o [erk increased
versatility with attachable and detachable binding parts, making it possible for users
to use a single platform for multiple types of binding systems to accommodate their
various needs. However, challenges remain in material selection to achieve a balance
between weight, durability, and performance, as well as real-world testing of the
prototype to ensure safety standards and reliability. The study concludes that the
proof of concept is feasible and has the potential to transition into a commercial
product. The modular binding system could o[en skiers greater flexibility while
maintaining high performance and safety, however further work is needed regarding
refinements of technical aspects, real-world testing of functionality and performance,
and exploration of the product scalability. The research provides a solid foundation
for future development of the modular binding system that can bridge the market
gaps without compromising the performance of the modular binding system.

Keywords: Modular, design, alpine-skiing, binding-system, ski-touring, o [=pliste,
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List of Abbreviations

The following list contains the descriptions of some of the words used in the re-
port. The abbreviations include general concepts used in the technical development
field, but also specific terms used in skiing terminology. The list is presented in

alphabetical order:

AFD
ASTM
CATIA/CAD

DIN

GDPR
ISO

KJ
POW
TOV

3D-printing

Anti-friction device

American Society for Testing and Materials

Computer Aided Three-Dimensional Interactive Application
(Computer-aided design, CAD, in short)

Deutsches Institut fur Normung (Industry adopted scale for release
force)

General Data Protection Regulation

International Organization for Standardization (worldwide federa-
tion of national standards bodies)

Kawakita Jiro (structured analysis method)

Protect Our Winters (environmental organization)

Technischer Uberwachungs-Verei (Technical monitoring associa-
tions)

Rapid prototyping

Skiing terminology

Alpine binding
Backcountry ski-
ing

Elastic travel
GripWalk

Hybrid binding
Park skiing
Resort skiing
Stack height

Ski-touring
Tech-binding

Binding system specified for alpine downhill skiing

O [=piiste skiing, in unmarked or non-patrolled areas outside or in-
side ski resort areas

Distance that the binding can move before releasing ski boot
Standard of "Alpine ski boots with improved walking soles" com-
patible with certain ski bindings

Binding system which accommodates both alpine skiing and ski-
touring

Skiing in park areas within the resort with jumps and obstacles
where the skier can perform tricks

Skiing in resort area with groomed slopes, lifts and other facilities
Height distance from ski boot sole to the ski

Skiing that involves uphill travel in backcountry terrain
Lightweight binding system specified for ski-touring
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1

Introduction

This chapter contains a presentation of the company and the background of the
thesis, as well as the project objectives and research questions. It also explains the
project scope and provides an overview of the report.

1.1 Background

Norse is a Swedish ski manufacturer that targets di erent types of skiers. They
believe in choosing the right dimensions, models, and sizes depending on the skier's
experience and capabilities rather than di erentiating between genders while simul-
taneously keeping the environment in mind and developing skis with as little impact
on nature as possible. Norse Skis is based in the south of Gothenburg, Sweden, and
produces all its products in democratic countries in Europe, collaborating with one
of the best ski factories in the world, located in Poland.

Norse Skis only works with the best and has partnered up with Tyrolia Alpine bind-
ings, Atomic and Marker hybrid bindings as well as ATK touring bindings. Hence
the idea of developing a new hybrid binding came to the surface.

In an ever-developing alpine industry where new products are launched every year,
the interest and expectations of alpine skiing equipment have also increased. Skiers
want to be able to ski on the piste, and o -piste and simultaneously have the freedom
to go ski-touring. A lot of demands are also expected of the products. Currently,
people often have dierent types of skis, with dierent bindings or with hybrid-
bindings depending on how they want to ride. The di erent types of bindings have
di erent abilities. A hybrid binding is always a compromise of di erent requirements,
such as lightweight, strength, durability, cost, and performance. These requirements
are di cult to combine as di erent properties are more important depending on how
you ski and where you ski. For example, traditional bindings developed for touring
aren't strong and stable enough to go downhill due to the di erent forces that apply
when skiing downhill versus touring up the mountain. An often occurring problem
Is that parts of the binding break or malfunction as the main purpose is to provide
the ability for the skier to tour and walk up the mountain, but if the skier wants to

ski hard downhill or often goes downhill the risk of crucial parts breaking is quite
high as the applied forces on the parts increase.

Newly developed hybrid bindings are based on quick-changing systems of the toe

1



Chapter 1. Introduction

part of the binding, providing a touring toe for touring and a more stable and durable
toe part for downhill skiing. These bindings were developed to better accommodate
di erent types and styles of skiing. They are more durable as the skier can switch
the toe part depending on the usage. Switching binding parts depending on the
area of usage requires the development of the assembly between the binding parts
and the base plate of the skis. The development of a modular binding solves issues
such as di erent needs of the binding's performance during di erent usage, easier to
switch bindings between di erent pairs of skis, easier to store and package during
traveling, and is considered to be more cost-bene cial and sustainable in the long
run as a consumer don't have to buy multiple bindings.

The development of such a product requires knowledge of the sport, the di erent
types of skiers, ways of riding as well as the conditions in which the modular binding
system is going to be used. The binding system must therefore be able to tolerate
applied forces during di erent types of riding and be able to withstand di erent
kinds of weather. The development of such a product requires planning to meet
the requirements and needs of the skiers. This report contains the challenges and
solutions that follow with the planning and development of this type of product.

1.2 Purpose

Norse Skis wants to develop a binding, that enables the skier to choose binding parts
depending on usage, to open up the possibility of upgrading the chosen binding
easily and mitigate the total cost for the customer who decides to upgrade. By
providing a modular binding system on a platform with exchangeable parts, Norse
could target di erent categories of skiing (ski-touring, o -piste skiing, piste skiing,
etc) for versatile skiers as well as more specialized skiers, and thus target a wider
group of customers on the market.

1.3 Objectives

The objective of the project is to develop a CAD-model (Computer-Aided Design
(CAD) model) and a functional prototype of a modular binding system, that is
highly versatile and solves di erent requirements that the majority of skiers today
expect of their bindings, enabling the consumer to switch binding parts depending
on if they want to use alpine parts or tech parts while also being able to switch
between di erent types of skis.
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1.4 Limitations

The project's main focus is to develop a concept and create a CAD model and a
physical prototype with 3D printed parts to demonstrate the modular alpine binding
and its functionality. This requires knowledge about the current o erings of similar
bindings on the market today as well as the customer needs and demands of such
a product. The initial design phase can be initiated with the customer's needs and
demands as a foundation for the project. In the initial design phase ideas will be
conceptualized, and translated into digital models, using CAD software. The most
promising concept(s) will thereafter be 3D-printed to demonstrate the prototype
and its function.

Since the primary focus of the project is to develop a functional model of a modular
binding system, cost analysis, and manufacturability studies are not included. A
cost analysis and an analysis of the manufacturing processes and the supply chain
will not be covered due to the narrow time frame. The requirement speci cation
of the product will be based on information gathered from in-depth interviews, and
already existing speci cations of alpine bindings to reduce extra workload, however,
this requirement speci cation will be modi ed as a customer needs research will be
conducted to obtain information regarding how a user of a modular alpine binding
system would use such a product.

The project focuses on making conscious choices of materials regarding the proto-
type with a focus on reparable and recyclable parts. The study does not include
the aspects of production and supply chain, as this is not within the project scope.
Furthermore, the prototype and functional model will not be physically tested in a
real environment and conditions as this is not within the scope, due to the limited
capabilities and time frame for such extensive testing.

This master's thesis project is based on 30 credits, which in turn indicates the
project's estimated workload and its academic value. The work of the master thesis
project will be carried out during the autumn semester 2024, and provide a clear
time frame of the project's duration and deadlines. During the project, facilities are
provided via Chalmers University of Technology, based in Gothenburg, Sweden.
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1.5 Aims & Research Questions

The aim of the master thesis project is to:

Conduct research related to modular binding systems by obtaining information
about current o erings on the market and competitors. This should be done

for technical aspects.

Identify the customers and users.

Obtain information and understand the needs and requirements of the cus-
tomers.

Develop a CAD model and a functional prototype of a modular alpine binding

system with exchangeable parts.

These aims are set due to the importance of conducting research correlated to a
modular alpine binding system by gathering as much information as possible for
the development phase of the actual prototype. To develop a prototype, knowledge
about current o erings on the market and competitors is necessary to obtain knowl-
edge of potential pitfalls and mistakes of the product and the market. By identifying
the customers and users, the most essential requirements and needs for the product
can be illustrated as the product is designed for the customer, and thus crucial to
understand.

Provided the information gathered from current o erings on the market as well as
customer needs and requirements, the creation of a CAD model, and a functional
prototype that meets the demands and needs of such a product is more likely. By
creating a digital and physical prototype the function of the product can be illus-
trated and also further developed as the creation of such is an iterated process.

To fuI Il the goals of the thesis, the following research questions will be explored:
Which properties are of higher value for the customer regarding this kind of

product?

" Are there similar solutions on the market? In which way do they solve modu-
larity?

" In which environment do the users use the product? In what way are they
using it?

How can the product be designed to be modular and allow for the assembly
of exchangeable parts?



2

Motivational factors and key
principles

This chapter analyses the societal, ethical, and ecological aspects of the project. It
presents the motivational factors of the project and key principles that guide the
practical implementations throughout the study.

2.1 Societal aspects

Two million Swedes go alpine skiing annually [1], requiring practitioners to own or
rent equipment. The level of experience between these skiers di ers, and therefore
the primary societal aspect is the safety of the skiers. Current alpine bindings are
constructed to keep the rider as safe as possible when riding, allowing the binding
to release the skier's boot, because of large forces, to reduce the risk of injuries.
Typically, the toe part releases the boot sideways, as a result of a large twisting
force. The heel part releases the boot upwards if there is a large forward force
in the boot [2]. Therefore, it is crucial when developing a modular alpine binding
system to mitigate the risk of injuries for the rider in various terrains and conditions.

By designing a modular alpine binding system that enables the skier to exchange
parts the economical threshold will be smaller. It will allow a wider range of users
as well as less experienced skiers to upgrade their equipment. This is because it is
possible to change alpine binding parts to technical binding parts and also to change
binding parts between di erent pairs of skis, without having to buy a completely
new binding system. Providing this solution will allow less experienced skiers to not
only upgrade their gear, but also to develop their skiing as they will have access
to other types of skiing and terrain that will challenge them in a new way. The
possibility of exchanging alpine binding parts for tech binding parts allows the skier
to access more of the mountains and go ski-touring in places where there might not
be any ski resorts and lifts.

The alpine sports industry contributes a lot to the local economies, especially those
located in the mountain regions. Many villages around ski resorts rely on tourism
and the population in these villages drops signi cantly o -season. The skiing season
depends on the conditions and in Sweden, the ski resorts usually operate between
November and May [3]. By developing a modular binding system the opportunity
to go skiing will not be restricted to the season of the ski resort, but rather the

5



Chapter 2. Motivational factors and key principles

conditions, so if there is enough snow before and after this season it's still possi-
ble to go ski-touring. This can lead to a positive impact on the local economies
as people can extend their stay and thus the tourist season is also extended. The
ability for skiers to exchange binding parts can also lead to less experienced skiers
hiring ski instructors and guides to develop their skills in di erent terrains and to
learn more about safety. This will in turn allow local businesses to grow and expand
their customer targets as they can educate instructors and guides and develop new
services and o erings like individual lessons, group lessons, guided tours, renting
of equipment etc. By opening up the ability for local economies and businesses to
expand their market, work opportunities for local people can increase.

2.2 Ethical aspects

This study requires collecting personal data as a means of being able to understand
the customer's needs and requirements, from an ethical perspective it's therefore
important that the data collected from interviews and surveys protect the privacy
and con dentiality of the participants. All information and data collected will be
done with the participant's consent following Chalmers University's guidelines for
handling personal data [4] in accordance with the GDPR (General Data Protection
Regulation).

The study aims to develop a modular alpine binding system, and similar technolo-
gies already exist on the market. Since the study aims to develop sports equipment
to xate but also release the ski boot in the event of excessive pressure, the risk of
misusing the product to harm is interpreted as low. Most injuries in alpine sports
concerning ski bindings are usually related to the human factor and incorrectly ad-
justed ski bindings [5].

The realization of a modular alpine binding system can make ski bindings more
a ordable for users with di erent economic means, as hybrid bindings and technical
bindings can be expensive depending on how technical they are and which group
of customers the product is targeting. A modular system consisting of a base plate
and exchangeable parts opens the possibility of mounting the same kind of plate on
di erent pairs of skis allowing the customer to move the binding parts between skis.
It also allows skiers with only one pair of skis to upgrade and exchange alpine bind-
ings for tech bindings. These features should allow for scalability in pricing since
there is no need for the customer to buy one pair of bindings for each pair of skis
nor buy a very costly hybrid or tech binding that can't meet the demands of a pure
alpine binding or a pure tech binding as its multipurpose and thereby a trade-o
on di erent attributes depending on the way of riding [6]. The development of a
modular binding system can also become a luxury product but it's the company's
interest to target a wide range of customers within the alpine industry that makes it
easier for beginners and not as experienced skiers to develop their skills and upgrade
their gear while simultaneously strengthening the company's competitive advantage
on the market. Most companies on the market target high-end customers and focus
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on advanced to highly advanced skiers which provides a gap in the market for Norse
to also be able to target the beginners and the intermediate skiers.

The development of a modular binding system requires international safety stan-
dards for ski equipment in case of any prototype testing in a real environment, such
as DIN, ISO and ASTM. It is important to ensure that the binding system is de-
veloped according to these standards to ensure the safety of use and the testing
of the product. It is also important to inform any participant during any test in
real environments and conditions about the risks of testing a new binding system
as well as inform the participant that it is okay to choose not to participate at
any time. However, the study means to develop a prototype, and the realization of
testing in the real environment and conditions is not within the scope of the project.

2.3 Ecological aspects

The ecological aspects of developing and producing a modular alpine binding sys-
tem consider the environmental impact regarding the development and production
of such a system. From an ecological perspective, it's important to consider what
materials are used in a binding system, is it possible to recycle and are the materi-
als environmentally friendly? Can the environment and people working within the
production be exposed to hazardous materials?

From a sustainable perspective, a modular system can be easier to repair as parts
can be exchanged as long as the ski and the base plate have not been damaged. Since
the ski base plate will be mounted directly on the ski it's di cult to exchange as
damage can occur on the skis which can lead to moisture entering the ski core and
the ski breaking or losing its properties. A modular alpine binding system could
reduce the total amount of waste as users can replace parts instead of the entire
system. Furthermore, the design of the modular binding system can be developed
to mitigate and reduce emissions and thereby the carbon footprint. This can be
accomplished by choosing conscious and recyclable materials, as well as designing
for repair, extending the life cycle of the product over time.

A highly discussed worldwide issue is global warming, there is an established orga-
nization POW (Protect Our Winters) [7] that promotes and informs about di erent
kinds of actions in order to preserve and protect the winter season. They promote
commute travelling, by train or busses to ski destinations instead of driving a car or
taking a ight, they also promote the reuse of equipment and buying gear second-
hand as this can aid in the matter of reducing the overall carbon footprint for ski
enthusiasts. Developing a modular alpine binding system can have a positive contri-
bution to skiing activities as more people have access to di erent kinds of skiing, and
a bigger area of the mountain is thereby accessible. However, allowing people to go
0 -piste and experience more of the mountain could potentially lead to consequences
for the environment. Animals that habitat the unexploited areas of the mountains
can be disturbed [8], and ski resorts might exploit bigger areas deforesting parts of
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the mountain to create open areas for skiing. This is an issue mainly concerning
ski resorts that dedicate their tourism to the alpine skiers that ride on the piste.
The interpretation for ski-touring however is that the environment will not fall to
harm regarding deforestation as skiers riding o -piste enjoys the natural obstacles
of nature as it's a part of the culture. Ski resorts build ski lifts that allow direct
access to the piste, but for the enthusiast, the o -piste is usually not too far from
the lifts unless the rider goes ski-touring in unexploited areas. It's a system that in
many cases works in symbiosis.

Increased skiing activities and global warming also take their toll on the amount
of natural snow that resorts receive during the season, causing the resorts to pro-
duce arti cial snow which requires large volumes of water [9]. The awareness of
global warming for companies worldwide forces companies to take action, Klappen
ski resort in Sweden works actively to reduce its carbon footprint [10] and has taken
measures to be fossil-free by 2030. As skiing resorts are dependent on access to
snow, the reduction of the contribution to global warming is a prioritized aspect of
the industry. Creating a modular alpine binding system that might increase skiing
activity is not considered harmful to the environment as skiing, in itself is not bad
for the environment and the project aims to make conscious decisions regarding ma-
terials used.

The modular alpine binding system itself doesn't harm the environment when in use
unless binding parts break and litter nature. The production of the binding system
however impacts the environment depending on the supply chain and design of the
product, the materials used, and the expected lifecycle of the product. A modular
binding system can be designed for easier repair and mending of parts, which can
extend the total life cycle for the product. Using recyclable materials and producing
the bindings in green energy factories will mitigate the environmental impact of pro-
duction. It's bene cial for the company to own the factories in which the bindings
are produced, or to be close to them to be able to control the supply chain and
implement strategies to decrease the carbon footprints and emissions throughout
the whole supply chain. This is the case for ATK bindings [11] and the Rossignol
group [12]. This project will focus on designing for repair and choosing recyclable
materials, all other aspects of the production and supply chain are not within the
scope of the project.



3

Theoretical framework

This chapter introduces the theoretical framework of the project. Given the envi-
ronmental and sustainability considerations discussed in the previous chapter, it is
important to ground the study in a framework that supports the study's objectives.
The framework assists the research by organizing key concepts and guiding the re-
search methodology. The chosen theories increase the understanding of the study by
identifying knowledge gaps and ensuring the relevance of the theoretical approach
chosen for the research context.

3.1 Product positioning and maturity of product

To determine the positioning and maturity of the product, a technology S-curve
Is used. It's a conceptual tool that displays the performance of products within a
speci ¢ product category over time [13]. The S-curve consists of three phases, the
initial phase of slow progress, the rapid growth phase, and the plateau illustrating
that the growth slows down. It is a graphical representation of a technology's per-
formance from when it is emerging to when it has reached its maturity and natural
technological limit. The S-curve is a proven conceptual tool in product development
and can characterize technical changes well, but it is not possible to predict with
certainty the future path of the performance curve via the method, as there is no
concrete answer to how close or far away the performance limit of a product is.

3.2 SWOT-Analysis

The SWOT analysis was developed in the 1960s at Stanford University by Albert
Humphrey [14]. The analytical framework is designed to identify attributes that
can in uence an organization's development. The analysis categorizes factors into
four key dimensions: strengths, weaknesses, opportunities, and threats. A SWOT
analysis makes it possible for organizations to address challenges that may arise
during operations or projects. Additionally, it o ers valuable insights to optimize
favorable attributes and simultaneously mitigate the impact of unfavorable ones.
The analysis consists of internal and external factors. Internal factors, which an or-
ganization can control, include strengths and weaknesses such as products, services,
brand associations, and reputation. The external factors, such as opportunities and
threats aren't within the organization's control like market trends and competition

on the market. The analysis is applicable in many elds, most commonly used by
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organizations and companies to enhance their competitive advantage, but it is also
applicable at a product level, making it a exible tool across several areas.

3.3 KJ-analysis

To structure and interpret data the KJ analysis is highly applicable for product de-
velopment projects. The method originated from the Japanese anthropologist Jiro
Kawakita [15]. Large amounts of data are transcripted into onto notes, and most
commonly condensed into a single word. The data are then categorized into di erent
clusters based on similarities, and the di erent clusters are given a descriptive des-
ignation. The application of this form of analysis in product development projects
has the advantage that data groupings emerge naturally. This can thus lead to a
positive impact regarding the ability to develop user-centered design.

3.4 Requirement speci cation

The requirement speci cation is a cornerstone in product development processes,as
outlined by Eppinger and Ulrich [13] it is a structured list of criteria that a product
must meet to accommodate to customer needs and address the expectations of the
stakeholder. The list also align with the goals of a project, as the speci cations re-
late to decision-making under the development process, with the goal that the nal
design ful Il its intended purpose. De ning the requirements is an iterative process,
proportional to the understanding of customer needs and technological constraints
that evolve through product development. Analyzing customers and stakeholders
inputs through interviews, and surveys lay the foundation to the requirement speci-
cation, and later they are translated into quanti able and measurable requirements
that aids in the evaluation and validation of the product. The requirements are di-
vided into two groups, functional requirements that state what the product must do
and non-functional requirements that addresses other criteria such as aesthetics and
cost. The speci cation of requirements provide a baseline for evaluating trade-o s
in the design process and for the thesis it helps aligning the development processes
with the thesis goal by translating needs into actionable design parameters.
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4

Design aspects

This chapter contains information on various aspects to consider when developing a
modular alpine binding system. It present the key factors of the bindings function-
ality in regards to safetey and performance.

4.1 Releasing mechanisms

A binding system is designed to retain and release the skier's boot when necessary to
mitigate potential injuries. Due to large twisting forces, the alpine binding systems
are designed to release the toe of the skier's boot sideways in either direction [16].
The binding heel piece is designed to release the skier's boot upwards due to large
forward forces on the boot.

As illustrated in gure 4.1 below, ski bindings must retain the ski boots from un-
expected releases caused by loads on the boot sole or ski in several directions while
also releasing the boot from the binding when necessary, therefore, standardized test
methods have been developed to ensure a bindings functionality regarding these as-
pects according to 1ISO 9462 [17].

Figure 4.1: Combined loading - ISO 9462:2023(E)

Most touring bindings on the market are designed to allow some release mechanisms
of the ski boot, but usually, the toe piece on tech bindings is quite rigid. Though tech
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bindings allow the release of the ski boot toe, the releases are inconsistent and not to
be compared with alpine binding systems. The heel piece of tech bindings allows the
heel of the ski boot to release from the binding. Newer tech bindings on the market
o0 er better consistency in the release mechanism of the toe piece as well, and some
solutions like the ST Rotation 14 Binding from Dynat o er pivoting movement in
both the heel and toe, making the binding withstand unexpected releases while also
providing a more safe and consistent release mechanism of the skier's boot [18].

4.1.1 Release Value, DIN

DIN (Deutches Institut fir Normung or German Institute for Standardization) is

an industry-standard for the release force settings for ski bindings. It determines
the tension adjustment of both the toe piece and heel piece of the binding systems,
which are set separately. It's the DIN setting that indicates how easily the ski boot
will release from the binding in case of twisting or forward forces on the ski boot.
There are visual indicators for the DIN setting located on top of the toe piece and
the heel piece of the binding system. The DIN settings are adjusted with screws
placed on the front and the back of the binding. The proper DIN setting for a user
Is calculated based on weight, height, level of skiing, age, and ski boot sole length.
The DIN settings should be high enough to keep the skier's boot from releasing
unexpectedly but low enough to ensure that the ski boot releases from the ski to
prevent injuries to the legs.

Since the safety aspect of retaining and releasing a skier's boot are of vital impor-
tance regarding the performance and functionality of a binding system, it's impor-

tant from a design perspective that the alpine binding parts of the system sought
to be developed ful Il and solve the functions required to retain and release the ski
boot from the ski.

4.2 Elastic travel

One important aspect of the ski bindings is their ability to retain and release the
skier's boot from the skis when a predetermined threshold value is passed. The
ability is determined by elastic travel [19].

The threshold value is determined according to the DIN settings, as it determines
how much force is required to engage the bindings elastic spring, [20]. The elas-
tic spring, when activated, in turn determines the elastic movement of the spring.
Thus, the elastic travel determines how much force the binding can absorb before
releasing the skier's boot from the binding. It is the amount of distance that the
binding can move before releasing the ski boot. For example, the elastic travel of a
toe piece in a binding with a value of 45 mm can move 44 mm while still retaining
the boot. Elastic travel is common in toe and heel pieces of alpine binding systems.
In tech bindings, it is generally only provided in the heel piece, as the toe piece in
many tech bindings does not o er much elastic travel at all [19].

To ensure a secure binding, an important aspect of the development of a modular
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binding system is to strive for elastic travel in both the heel and toe pieces for all
toe and heel pieces. However, less focus is placed on the tech toe as this generally
tends to have a relatively rigid construction.

4.3 Boot sole compatibility and 1SO standards

Ski boots vary in design and functionality, but it's crucial that the boot soles are
compatible with the di erent binding systems on the market in order to work prop-
erly. Therefore, a variety of ski boot norms have been standardized according to
ISO (International Organization for Standardization).

The modular alpine binding system to be developed aims to be compatible with
GripWalk ski boots, which are made according to the international ISO standard
ISO 23223. The 1SO 23223 refers to 'alpine ski boots with improved walking soles'
[21]. The GripWalk ski boot soles are a result of an innovation by Marker and Dal-
bello. It solves the problem of walking in bulky boots and provides the skier with
a more natural walking motion while providing an improved grip that enables safer
walking in snowy and icy areas, [22]. ISO 23223 is compatible with alpine boots
(ISO 5355), and touring boots (ISO 9523), and the standard comes into full force
on products developed for the season 2022/23 and beyond, [22].

From a design perspective, the modular bindings to be developed must be com-
patible with the 1ISO 23223 standard to work for this particular type of boot sole.
Therefore, drawings and measurements will be based on the information obtained
in the documents of this standard.

4.4 Stack height

The stack height is an important aspect of the bindings, and it refers to how high
the binding sits o the ski. The stack height of the heel piece is higher than the toe.
The high stack height of the heel piece and the low stack height of the toe piece
create an angle of the skier's foot when placed in the binding. The angle obtained
is usually called the ‘ramp angle’, [23]. The more neutral the ramp angle and the
lower the stack height, the more natural and intuitive feeling of the binding. A low
stack height provides the skier with a better sense of control and transfers power
from the skier boot into the skis better on wider skis (all mountain skis) than a
high stack height. It makes it easier to initiate turns as the skier has an increased
connection with the snow.

The stack height is important to consider, as it is highly relevant to the binding's
performance and the perceived sense of security and control it instills in the skier.
During the development of the modular alpine binding system, the stack height and
the neutral ramp angle will be sought to be as low and neutral as possible.
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5

Methodology

In this chapter, the methodology that is to be used in the project is presented. The
chapter covers the entirety of the structure and the various processes involved in the
project. Included in the chapter are also the di erent methods of gathering data.

5.1 Market & Competitor Research

A research of the market and competitors will be conducted, with the purpose,
of identifying the current o erings on the market, and what strategies can be im-
plemented to avoid mistakes and pitfalls in the development of the product. The
research will be conducted by utilizing following methods:

Web-based information search:

Utilization of online resources to identify market trends and competitor o erings.
Patent research:

Examine and identify relevant patents to understand technological aspect in alpine
binding systems.

Market o erings:

Utilization of online resources to identify competitor o erings.

Market observations:

Physical observations and evaluations of existing products in retail

Expert interviews:

Discussions with professionals and experts within the industry to gain insight into
the market.

5.1.1 The market and trends

To develop a deeper knowledge regarding potential opportunities and pitfalls through
the process of developing a modular alpine binding system an analysis of market
trends was conducted. The analysis is based on information related to the history
of alpine bindings, the di erent areas of applications including piste, o -piste and
skitouring as well as identifying emerging trends within the industry.

5.1.2 Description of di erent binding systems

In order to understand the current o erings on the market, the di erent areas of
application and use for the di erent binding systems are required, as it provide a
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framework for the development of a similar product. The di erent areas of applica-
tion include alpine bindings primarily used for downhill skiing, tech bindings used
for backcountry and ski-touring and hybrid bindings combining the features of alpine
and tech bindings.

5.1.3 Current o erings

After obtaining information regarding the di erent alpine binding systems, and their
areas of application were identi ed, information regarding the current market o er-
ings could be obtained. The information were gathered by investigating di erent
0 erings within speci ¢ areas of application. The current o erings were divided into
alpine-, tech- and hybrid- binding systems. Thereafter, the di erent o erings were
further analyzed by comparison. Each market o ering was examined for positive
and negative attributes which were compiled in a table

The information gathered can aid in the development process as the positive and
negative features of the di erent o ers are highlighted. As a consequence, the design
and construction of the modular system can be optimized, while pitfalls can be
mitigated.

5.1.4 Product positioning and competitive advantage

The technology S curve was used to determine the positioning and maturity of the
product that the study aims to develop. The S-curve is a conceptual tool over time,
that describes the performance of a speci c product category. It consists of three
phases, slow progress, the rapid growth phase, and the plateau where the growth
slows down. To position the product and determine the maturity of the technology
of the product additional research had to be conducted. The focus of the research
was the alpine binding system through history, and the evolution of the technology,
within three main areas:
1. Historical Development:

Tracing the rst patented alpine binding system

Obtain information regarding design, functionality, and areas of application

over time
2. Evolution of applications:

Tracing the shifts in the areas of applications due to new technology

Identify the user's needs and market preferences as the technology shifts
3. Current marketing o ers and trends:
Analyzing current o erings on the market
Obtain information about market trends and their consequences for the prod-
uct's positioning and development.

N
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5.1.5 Swot-analysis

After determining the maturity of the technology using the S-curve, a SWOT anal-
ysis is implemented. The S-curve provides information on technology over time and
the adoption of market trends, however, it does not include aspects that can a ect
the market success of the binding system. By conducting a SWOT analysis, in-depth
information regarding competitive factors, customer perceptions, and product chal-
lenges can be identi ed.

The SWOT analysis is a structured evaluation of a product's strengths and weak-
nesses, it is performed to acknowledge growth opportunities and identify potential
threats in the competitive market. It is most commonly used in a company's or
industry's strategic planning process, but a SWOT analysis can also be used for
projects and products. In this study, a SWOT analysis will be conducted regard-
ing a product [24]. The strengths and weaknesses of a product are internal factors
that the company can control. Strengths are positive attributes of the product that
give it an advantage compared to others, it's the reason why customers pick the
product over those of the competitors. The weaknesses are the negative aspects of
the product, which limit its performance or appeal. The opportunities and threats
are the external factors that the company cannot control, such as products from
competitors and upcoming market trends.

A SWOT analysis aids in product development and business processes as deeper
knowledge can be gained regarding where a product or business will position itself on
the market and how to implement strategies to take advantage of the strengths and
address the weaknesses. The SWOT analysis identi es key strengths, weaknesses,
opportunities, and threats related to the modular binding system, however, it does
not account for existing patents that could impact product development. To ensure
that the design remains innovative and does not infringe on existing intellectual
property, a patent analysis is conducted. The research provides insights into previous
solutions, technical constraints, and potential opportunities for further development

5.1.6 Patent Research

To establish a strong foundation for the prototype, research will be conducted on
existing patents. By investigating existing patents and products, knowledge can be
gathered regarding similar solutions and technologies that competitors have devel-
oped. The patent research will be divided into di erent categories, alpine bindings,
tech-bindings, and locking mechanisms to widen the perspectives of possible so-
lutions for a modular alpine binding system, thus providing more results regarding
potential technical solutions for the prototype, and the assembly of the binding parts
to the base plate. The patent research will be conducted via the website Espacenet,
which is a database for patent information.

[25]. To use Espacenet, combinations of keywords and classi cations are de ned to
get results of a wide range and relevance. The most relevant patents are gathered,
and within each group, the most interesting solutions and parts that could aid the
project in further development are summarized and explained.
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5.2 Customer & User ldenti cation

Customer and user identi cation can be obtained by understanding the market seg-
ment, and the stakeholders of the prototype that is to be developed. With the in-
sights from the information about the market segment and the potential customers,
as well as the company's current customers and stakeholders, a good foundation is
laid for the work.

The primary source of participants in this study include athletes from di erent
segments of alpine skiing, Norse, and other potential users as they have expert
knowledge and interact with the solutions and the problems.

5.3 Identifying customer needs & requirements

To identify the customer's needs and requirements qualitative data will be collected.
The study will use two di erent types of data-collecting methods to gather informa-
tion from relevant sources. Information will be gathered through in-depth interviews
and observations.

The interviews will strive to include di erent kinds of segments within alpine skiing
but will be constrained to focus mainly on alpine skiing and ski-touring as these seg-
ments are the main users of the product. The method is chosen to provide a wide
range of collected data that covers various areas of the di erent segments within
alpine skiing and provides a better understanding of the customer's di erent needs.
The in-depth interviews will be held in person, with the purpose of gathering the
primary input for the customer needs data, and last for approximately an hour.
The method collects qualitative data in terms of speci ¢ information about di erent
customers and their needs and requirements.

The second source of data collection is observations which illustrate the user in-
teraction with the product. Through observations, information that might not be
obvious to the user can be obtained. Observations also provide a better understand-
ing of how the product is supposed to be used. The observations will be conducted
by letting the participants interact with the product and trying to understand its
functions with limited instructions.

The use of mediating tools will be used in the in-depth interviews, in the form of
pictures and illustrative descriptions of di erent scenarios. A physical product will
be used in the observations. The mediating tools are used to aid the participant in
order to retrieve as reasonable results of the data collected as possible.

5.3.1 KJ Analysis

The method used for analyzing the results of the in-depth interviews is the KJ anal-
ysis. The rst step relates to gathering the information provided. The data obtained

will then be cleaned up to eliminate unnecessary information. The information is
then analyzed using the KJ analysis. It is based on brainstorming independently of
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other people's assumptions and opinions. This will be carried out in collaboration
with two experienced skiers to be able to collect and interpret data to bring out the
most important aspects of the participant's responses.

All information and data gathered from the in-depth interviews, and observations
combined with the results of the analysis will be used to create a customer needs
list which consists of di erent attributes. The attributes will be ranked relative to
each other to gather information whether it is a need or a requirement.

5.4 Customer needs list

The result from the KJ-analysis lay the foundation for the customer needs list.
The identi ed needs and requirements of importance in the study are de ned in a
list, and thereafter given relative importance rated 1-5. The lowest importance is
graded (1) and the highest are graded with (5). The relative importance is assigned
according to the results presented in the KJ analysis. The customer needs list in turn
provides a foundation on which the requirement speci cation can be built, which is
of relevance for the product development in order for the prototype to align with
the goals of the study.

5.5 Requirement speci cation

A requirement speci cation contains information about the criteria that the prod-

uct aims to ful ll together with the requirements and needs of the customer. It
also includes quanti able and measurable requirements for which a product can be
evaluated. The requirement speci cation is established through iterations as it cor-
relates to the knowledge obtained regarding customer needs as well as technological
constraints that emerge throughout the development process. In this study, the re-
quirement speci cation is based on information from customer identi cation, input
from Norse Skis, and existing industry standards.

5.6 Customer personas

The requirement speci cation de nes the functional and technological aspects of the
product. Customer personas are used to aid in making design decisions that aligns
with user expectations. From the results of the in-depth interviews and the creation
of the customer needs list customer personas are created. Customer personas are
ctive representations relevant to the targeted customer segment. The customer
personas consist of educational background, salaries, level of skiing, etc. The per-
sonas provide various perspectives of di erent attributes that are of importance for
the persona. The utilization of customer personas visualizes the typical customer
targeted in the project, and based on their di erent backgrounds needs and require-
ments are speci cally assigned to each persona. By inventing customer personas
di erent kinds of users and their needs and requirements are enhanced and aids in
the development of the product.
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5.7 The idea generating processes

The idea-generating process will be conducted using di erent kinds of idea-generation
methods. The ideas generated are based on the knowledge gained from research of
patents as well as understanding the product and the customer's needs and require-
ments.

5.7.1 Brainstorming process

A brainstorming session of ideas will be conducted based on the knowledge obtained
from the study such as patent search, observations, market research etc. The ideas
will be divided into two subgroups, the base plate, and the locking mechanism of
the binding parts. From the brainstorming, the ideas are evaluated and unrealistic
ideas are discarded.

5.7.2 Black box and Functional tree

A black box and a functional tree will also be implemented to enhance the knowledge
and illustrate the di erent functions of the system. By conducting a black box and a
functional tree, greater knowledge can be obtained regarding the di erent functions
of the product that are to be developed. The black box and the functional tree also
aid the development process by illustrating how di erent functions correlate to each
other in a system.

5.7.3 Concept evaluation and selection

By creating a morphological matrix with the di erent solutions generated from the
functional tree and brainstorming ideas, more solutions can be generated. Morpho-
logical matrices are based on di erent sub-functions that are integrated and merged
which creates new concepts.

The concepts created will be further evaluated in an elimination matrix, where the
generated concepts are evaluated in comparison to the demands from the require-
ment speci cation. The concepts that are not taken further in the development
process are either eliminated or further investigated before deciding whether it has
to be eliminated or can proceed in the process. Additionally, a Pugh matrix will be
used to evaluate di erent concepts against each other on how well they meet certain
criteria. The lowest-ranked concepts are discarded.
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5.8 Concept development

The most prominent ideas and concepts from the idea generation will be further de-
veloped using the aid of Computer-Aided Design (CAD) with the CATIA software.
The CAD model provides further knowledge, of whether the di erent parts provide
the best suitable solution possible or not for the system. The digital prototype should
illustrate the function of the modular alpine binding system. The software used for
accomplishing this will be CATIA. After developing the best possible solution for
the modular alpine binding system as a functional digital prototype the physical
prototype can be developed by using 3D-printing (Rapid prototyping). Through its
iterative approach, 3D printing facilitates the transition from a digital mock-up to

a physical prototype, while revealing potential issues with measurements, dimen-
sions, and tolerance that need design re nements. This process aids in developing
a prototype that can be assembled and prove functionality.
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6

Results of methods

This chapter contains the results of the methods implemented in the study to provide
a solid foundation for the conceptualization phase. It contains market analysis,
describes di erent binding systems, identi es opportunities and threats correlated

with competitive advantage, identi es customers and users, and the results of idea-
generating processes.

6.1 Market and competitor research

A research of the market and competitors were conducted to identify current of-
ferings and provide information for strategic decisions regarding the development
process to avoid pitfalls and identify success factors. The ndings of the research
are presented in the following sections.

6.1.1 The market & trends

Alpine downhill skiing was invented in the early 18th century, evolving from mili-
tary considerations in the Norwegian army [26]. But it wasn't until 1937 that the
rst self-release binding was patented by Hjalmar Hvam after breaking his leg due
to the present binding solutions on the market at that time [27]. In 1939, he re-
ned his self-release binding, featuring a pronged triangular pivoting toe that t
into the notches in the front of the skier's boot. This solution provided a quick
release mechanism when angular stress threatened to twist the leg. Since then, a
lot of development has been made within the industry of alpine safety bindings.
Ski bindings are used within various disciplines of skiing, causing di erent demands
on the binding depending on which discipline is being practiced. The increased in-
terest in skiing and tourism related to skiing has driven the need for reliable and
high-performance ski-binding solutions. The di erent actors on the market today
provide various bindings for di erent needs and demands, pure alpine bindings, hy-
brid bindings, and ski-touring tech bindings.

The focus of development within the industry is material innovation, safety and
performance, and eco-friendly and sustainable solutions [28]. Regarding material
innovation, manufacturers and developers strive to enhance the bindings in the ar-
eas of performance, durability, and weight reduction. The incorporation of releasing
mechanisms in the bindings that respond better to varying skier pro les and skiing
conditions, as well as the skier's abilities, are the main focus regarding the devel-
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opment of safety and performance of the ski binding, without compromising the
performance of the binding and control on the slopes. As the global warming and
sustainability aspects become increasingly important in industries worldwide [29] it
also a ects the alpine ski bindings market, with manufacturers exploring conscious
materials and production processes to reduce their environmental impact [28].

Though the existing solutions on the market are many and cover most types of
skiing, there is a gap in the market. The hybrid bindings are the best solution for
versatile skiers who want to ski-tour up the mountains and ski downhill, though it's

a compromise of the binding's performance regarding weight and cost especially. Hy-
brid bindings are more durable and provide better safety of the release mechanisms
than tech bindings but the additional weight is a negative aspect for ski-touring
during many hours. Simultaneously the hybrid binding, although it o ers more sta-
bility and safety than the tech bindings, is not comparable with the performance
of a dedicated alpine binding. This is due to the alpine binding being dedicated
to maximizing power transfer, rigidity, and stability. Hybrid bindings with their
moving parts introduce gaps and ex that compromise the rigidity of the structure.

A modular alpine binding system can enable the skier to switch from tech parts for
touring and alpine parts for downhill skiing without compromising too much on the
rigidity and performance of the binding.
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6.1.2 Description of di erent bindings

To understand the di erent o erings on the market, it is also important to under-
stand what types of bindings exist, and their function. Currently, there are three
di erent types of alpine ski bindings on the market: alpine bindings, hybrid bind-
ings, and tech bindings. The various types will be further explained and presented
below.

6.1.2.1 Alpine bindings

The most common and traditional binding is the alpine binding. This binding is
usually made of plastic, metal, or a combination of the materials [30]. The alpine
bindings are constructed with downhill skiing in focus, meaning they are designed
to ensure safety, and durability, whilst providing the best possible performance for
downhill skiing. This is the best binding for transmitting the power from the ski
boot to the skis and provides the skier with stability and control, especially at high
speeds and in steep terrain.

Alpine ski bindings are directly mounted to the skis with screws. Their function is

to lock both the toe and heel of the ski boots, ensuring that the ski is fully attached

at all times. Alpine bindings lock in when the user inserts the toe of the ski boot into
the toe piece while simultaneously adding pressure to the heel, which will activate
the heel piece and lock the ski boot in the binding. A push mechanism on the heel
allows the release of the boot when the user takes their skis 0. Besides keeping
the ski boot xed in the binding, there are also safety mechanisms that allow for a
release of the ski boot in case of a fall. In general, the toe piece releases the boot
due to a twisting force (side-to-side), and the heel piece releases the boot upwards
due to a large forward force [31].

Alpine bindings are often equipped with an interface on the toe piece, an anti-friction
device (AFD). The anti-friction device mitigates the friction between the ski boot
sole and the binding, to allow the boot to release from the binding with enough
force and reduce the risk of injuries. Furthermore, all ski bindings on the market
are equipped with a ski stopper. The purpose of this is to brake the ski when step-
ping into the binding but also in case of a fall. The ski stopper is activated when
the boot is released from the binding and deactivated when pressure is applied from
the ski boot to the heel piece of the binding. When deactivated the ski stopper
will be aligned with the ski binding not to interfere as the skier is skiing. All alpine
bindings have strict certi cations and safety standards, primarily in the form of DIN
(Deutsches Intitut fir Normung, or the German Institute for Standardization). DIN
determines the rigid standards of the release value for all bindings. It means that
if a binding is DIN certi ed, the DIN release value should be the same for all other
bindings with the same value regardless of model or brand.

Some drawbacks of an alpine binding system are that it only allows resort skiing as
the bindings do not provide free heel movement for walking, and their construction
is bulky and heavy compared to tech bindings.
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6.1.2.2 Hybrid bindings & frame bindings

Hybrid bindings and frame bindings are a type of bindings that combines resort
and backcountry skiing. The binding o ers the user the ability to switch between
di erent modes, alpine or touring [30].

This type of binding is ideal for the user who wants to enjoy both worlds without
purchasing separate gear. The downhill performance is not to be compared with
alpine bindings as the moving parts will allow for some gap and ex, which in turn
will decrease the power transmission from the ski boot to the ski. Their perfor-
mance downhill however is better than pure tech bindings since their construction
Is more similar to alpine bindings and therefore more rigid. The touring mode en-
ables free heel movement for going uphill. Either by allowing the whole frame to
move, both the toe and heel (frame binding), or pins in the toe piece, which enable
free heel movement (hybrid bindings). Hybrid bindings with pin inserts require ski
boots compatible with the pin inserts to enable walking mode. The frame binding
is locked in a xed position for downhill mode and works as an alpine binding. For
hybrid binding systems with tech inserts, these are usually rotated and hidden as
the user converts it to an alpine toe to enable downhill skiing.

Hybrid- and frame bindings function similarly to alpine bindings as they have sim-
ilar release mechanisms, allowing the ski boot to release from the ski. They are
equipped with a ski stopper that works in the same way as on the alpine bindings,
but when the skier is in tour mode the ski stopper can be deactivated even though
the binding allows for free movement of the heel or binding. Hybrid- and frame
bindings also follow safety standards, and some of them are DIN-certi ed. However,
the certi cations are not at the same level as those for alpine bindings, making the
bindings' release mechanisms less predictable compared to alpine bindings.

Hybrid- and frame bindings are easier to understand and use versus tech bindings
but due to the complexity of the construction, they are typically heavier than tech
bindings. Since they are not as lightweight as tech bindings, they are thereby not an
energy-e cient choice nor do they have the same performance as alpine bindings,
making the whole binding a compromise on performance.
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6.1.2.3 Tech bindings

Touring bindings also called AT bindings (Alpine touring), or pin-tech, are bindings
with low weight [30]. The binding is designed to release the heel so the skier can
tour up the mountains, usually with di erent step modes so the skier can adjust the
binding according to the incline of the slope. When the skier goes downhill they
will adjust the touring bindings, and lock the toe and the heel of the ski boot with
pins, which require speci c inserts in the ski boot to be compatible with this par-
ticular sort of bindings. Just as alpine bindings and hybrid bindings, tech bindings
also have an integrated ski stopper. This can be deactivated in touring mode and
activated once the skier wants to ski downhill. Usually, the function is obtained by
a leaver or mechanism that applies constant pressure on the ski stopper keeping it
in a deactivated mode.

Due to their lightweight, they are more energy e cient for ski-touring and long
tours in the backcountry. But their performance downhill is less rigid due to the
lightweight pin construction. The power transmission at high speed is also lower,
compared to alpine bindings, which makes them less stable in steep terrain. Another
drawback with ski-touring bindings is that they are more di cult to use since snow
and challenging conditions can make it di cult to insert the boot into the binding.
The safety margins for tech bindings are usually lower since they do not necessarily
follow the safety standards from DIN, even though they usually follow some sort of
standard to ensure safety mechanisms.
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6.1.3 Current o erings

There are plenty of o erings on the market today from already-established brands,
most of whom provide di erent types of bindings depending on the user's pro le
and way of skiing. To obtain better knowledge about the technical solutions o ered
by competitors on the market web research has been conducted which provides
technological insight and highlights the pros and cons of the di erent solutions.

6.1.3.1 CAST FREETOUR 2.0

The only modular binding system on the market today is provided by CAST TOUR-
ING (CAST) and comes in two models, FREETOUR 2.0 Pivot 18 or FREE-
TOUR 2.0 Pivot 15. The system contains a xed-mounted heel piece for an alpine
binding system provided by LOOK bindings and a baseplate from CAST that en-
ables the user to mount either an alpine or a tech toe piece to the binding. In order
to enable the installation of the alpine toe piece, a toe pedestal must previously be
mounted on the pivot toe piece. Thereafter the quick attachment and detachment of
the di erent toe-pieces are enabled through guided slots and a loaded spring button
at the baseplate. The user simply slides the toe piece into the slots and it is secured
by the spring button, which will lock the binding into a xed position. Once the user
wants to switch to another toe-piece, the button is pushed down and the binding
part is slid backward and removed from the baseplate.

The binding includes an anti-friction device (AFD), and is compatible with Grip-
walk (1S023223), Alpine (ISO5355), and touring (1ISO9523) norms. This means the
di erent AFD options work with boots with corresponding ISO soles. The user can
switch the AFD depending on their boot sole. The AFD is replaced by unscrewing
two screws and removing the AFD. To mount the new one, the user slides the new
AFD into guiding slots and then screws the two screws back. The opportunity for
users to customize the binding according to their boot soles makes the binding more
versatile than if there was only one setting.

The modular alpine binding system weighs 1340g with alpine parts and weighs 1000g
with touring parts. This, according to CAST TOURING, is the lightest hybrid bind-

ing on the market. The di erent models Pivot 18 and Pivot 15 refer to the alpine
parts of the system and their release range with Pivot 18 ranging from 8-18, and
Pivot 15 ranging from 6-15. The alpine binding system comes in four sizes, 95mm,
105mm, 115mm, and 130mm. The di erent sizes depend on the width of the skis,
on which the bindings are mounted as it determines the brake width of the bindings.
The materials used in this binding are machined 7075 Alu, POM/Acetal (a form of
thermoplastic), and stainless steel. The elastic travel (toe and heel) is 45mm and
28mm. The elastic travel of the toe and heel in a ski binding refers to the distance
a binding can move before the ski boot releases from the binding. The elastic travel
of 45 mm respectively 28 mm means that the toe-piece can move 44 mm, and still
retain the boot, while the heel piece of 28 mm can move 27 mm [19]. The system
also includes climbing risers of 0,8, and 12 degrees, providing three di erent angles
to the walking mode while touring.
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The system is compatible with Pivot 18, and Pivot 15, meaning that a user who
already has this binding can upgrade their toe piece to be able to tour with the bind-
ing as well. The binding system is the only system currently on the market that
provides a modular solution, however, the opportunity to switch between alpine and
tech bindings is only possible with the toe-piece. The heel piece is directly mounted
to the ski. Touring is possible if the user upgrades and buys tech parts such as a
touring toe and climbing risers that are mounted to the heel-piece.

The original binding comes with a baseplate that enables the exchange of alpine
and tech parts, an alpine pivot toe-piece, a cast touring tech toe-piece, an alpine
pivot heel- piece, two di erent AFDs, and climbing raisers. The customers can also
purchase parts separately, making it possible to start with a pure alpine binding,
and thereafter upgrade the system to enable ski-touring, making the binding highly
versatile and cost-e cient over time as the user doesn't have to purchase multiple
bindings.

A complete binding system from CAST that enables high-performance downhill
skiing and ski-touring costs 779.95 USD [32]. If the user starts with the alpine
binding system the cost is approximately 619.4 USD and includes the Pivot 18
binding [33], toe pedestals from CAST compatible with the look toe piece, and a
cast base plate 2.0 [34].
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6.1.3.2 ATK RAIDER EVO 13

The ATK RAIDER 13 EVO, is a pure tech binding system for ski-touring. It con-
tains a tech heelpiece, ski brakes, and a tech toe-piece. The binding system is
directly mounted to the skis with screws and weighs 370 g. The binding system is
constructed in ALU 7075, POM, and stainless steel, with release ranges from 5-13.
The binding provides walking modes of 0 mm, +26 mm, and +46.5 mm. The elastic
travel provided in the heel is 14 mm (adjusted by a screw), and the toe-piece on
this model provides release adjustability of the clamping force in the toe piece. The
boot size adjustments are 25 mm and adjusted with a screw in the heel piece, once
mounted the binding can only be moved this distance, either forward or backward.
The bindings come in six sizes to accommodate di erent widths of skis with sizes
ranging from 86-120mm.

ATK managed to develop a tech binding with an adjustable release value in the
toe-piece, instead of a xed release value as in previous models, making the bind-
ing more reliable in case of release of the ski boot. The ATK binding also uses an
aluminum snowpack-proof system that prevents snow and ice debris from accumu-
lating under the mobile parts of the toe piece, which otherwise can cause issues for
the skier to attach and detach their ski boot in the binding. Another aspect of the
ATK RAIDER 13 EVO binding is the so-called EVO brake system, which allows
the user to manage the ski brake with one hand, by rotating the head of the heel
piece 180 degrees, the ski brake is activated and switched from uphill to downhill
mode. During an ascent, the user rotates the head 180 degrees again and applies
pressure from the boot heel on the rear plate to lock the ski brake in position. The
heel-piece is also constructed to absorb stresses by rotating up to 25 degrees before
returning into position, enabling better power transfer from the ski boot, and more
control over the skis.

ATK has also invented and patented a CAM Release System, used in this binding,
that contributes to easy step-in and enables torsional sti ness. The system is built
inside the heel unit and it controls how the pins, which attach the heel of the ski
boot, move in case of a release. Itis a mechanical structure that positions and moves
the pins relative to the ski boots. The system uses spring-loaded cams to control
the preload tension on the heel pins, with the function of locking the ski boot during
skiing but releasing the boot with a controlled force when necessary.

The heel aps provide the skier with di erent settings for the walking modes and

use magnets to stay in place while touring or skiing. The di erent walking modes

can be adjusted with only a ski pole as the aps are magnetic. To insert a ski boot
in this binding the user needs to have tour-compatible ski boots with inserts at the

toe and heel. The user aligns the pin inserts with the pins of the toe-piece and
applies downward pressure on the toe of the boot until the pins snap into the tech
inserts. The heel of the ski boot is inserted into the heel-piece by placing it over
the pins and applying downward pressure until the pins snap into the heel inserts.
These settings are used for downhill skiing. If the skier wants to ski-tour, the user
applies downward pressure at a lever in the heel to unlock the heel and rotates the
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housing of the heelpiece 180 degrees so the pins are facing the tail of the skis. The
skier locks the toe using a lever in the front of the toe-piece that is pushed upward
to ensure that the toe-piece does not release in walking mode. During an ascent, the
skier can set di erent walking modes using their pole to adjust the magneto aps
(up or down) mounted to the housing of the heel piece.

ATK RAIDER EVO 13 is an extremely light binding for ski-touring with an up-

graded construction to provide better durability, downhill performance, and reliable
safety mechanisms, and the cost of this type of solution is 701.95 USD [35].
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6.1.3.3 SS/LAB SHIFT 13 MULTINORM

SS/LAB SHIFT 13 MULTINORM from Salomon is a hybrid binding for skiers who
enjoy resort and backcountry skiing. It is an alpine binding with integrated tech
parts making it a versatile and cost-e cient option for users who want to avoid
buying additional setups.

The binding has a DIN range from 6.0-13, and the binding system comes in four
sizes ranging from 90-120 mm. It's constructed in Aluminium and carbon-infused
PA which makes it light-weight compared to other hybrid bindings on the market,
the total weight of the bindings is 1770 g (885 g per each), and it costs 576.52 USD
[36]. The elastic travel in the toe-piece is 47 mm, which is impressive since most
tech bindings o er none [37]. The heel raisers included in this binding system are
2 and 10 degrees, providing two di erent angles of the walking mode. The binding
accommodates ski boots for alpine models (ISO 5355), touring (ISO 9523) as well
as walk to ride (WTR) soles, and GripWalk boots. By accommodating a variety of
ski boots and sole types the system is Multi Norm Certi ed (MCN). Additionally,
the Salomon shift binding system has a height adjustment feature in the toe-piece,
enabling adjustment of 30 mm. The binding system also provides a 30 mm adjust-
ment range lengthwise to t a wide range of boot sole lengths. Furthermore, the
binding is TUV-certi ed (Technischer Uberwachungsverein or Technical Inspection
Association) meaning that it has been tested for safety and that the release mecha-
nisms of the binding system are reliable and consistent.

In alpine mode the binding works like other bindings, the toe is inserted into the
toe-piece, and once pressure is applied to the heel-piece the ski brakes are deacti-
vated, and the clamp in the heel-piece locks the heel of the ski boot.

The toe-piece has integrated pins that are hidden behind a central lever. When pres-
sure is applied to the lever the pins are revealed, and a ski boot with tech inserts
can be inserted into the binding. The pins snap together when the user applies a
downward force on the toe-piece, locking the toe of the boot. To lock the toe during
ski touring, a locking lever located on the front of the toe-piece is raised. The free
heel movement required during touring is obtained as the pin inserts are positioned
so that the heel of the boot do not interfere with the heel piece. Once the toe-piece
is locked, the user raises a brake lever in the heel piece and applies pressure to the
heel of their boot, forcing the brake lever down, which will lock and deactivate the
brake arms. Additionally, depending on the incline of the ascent, the user can raise
a heel riser to adjust the walking position.

To deactivate the touring mode, the user pushes the brake lever back into its original
position activating the brake arms. Thereafter, the user pushes the toe-piece lever
down to disengage the pins from the tech inserts. To enable alpine mode the user
has to apply inward pressure on the wings of the toe-piece, while simultaneously
raising the central lever until they snap together. Once these steps are completed,
the binding is converted to alpine mode, and the user can step into the binding and
activate the locking mechanism required for an alpine binding system.
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6.1.3.4 Salomon Strive 14 GripWalk

The alpine binding system Strive 14 Gripwalk from Salomon has a low-centered toe-
piece, which provides the skier with better power transfer from the ski boot to the
skis. The low-centered pro le and low center of gravity also provide the skier with
better control and faster response of the skis. The binding system is compatible
with all alpine ski boots (ISO5355) or Gripwalk. The total weight of this binding
system is 1960g (980g each) and costs 261.68 USD [38]. The binding has a DIN
range of 5-14 and comes in four sizes ranging from 90-130 mm. The binding can
be adjusted 30 mm lengthwise to accommodate di erent ski boot sizes. The elastic
travel of these bindings is 30 mm and they have an extra wide toe pedal>60 mm

to enhance the lateral power transfer from the skier to the ski. The bindings are
lightweight considering they are alpine bindings and consist of berglass polyamide.
The toe-piece, and the heel-piece of this binding system allow for multidirectional
release, in case of a fall the binding can release the ski boot in a variety of direc-
tions, enhancing safety. It is also TUV certi ed. Additionally, the binding allows

for tool-free adjustments for setting the forward pressure and adjusting the binding
for di erent boot sole lengths.

To lock the skier's boot to the binding the ski boot is rst inserted in the toe-piece
of the binding, then pressure is applied to the heel til the heel clamp clicks and locks
the ski boot into place. Simultaniously as the user applies pressure to the heel,
the ski brakes will be activated. Once the user wants to detach from the binding,
pressure is applied to the heel clamp with a ski pole, and the boot is released.
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6.1.3.5 Pros & Cons of analyzed o ers on the market

In the gures 6.1 and 6.2 below, a tabular with the pros and cons of the di erent
analyzed o ers on the market is presented. The information presented is related to

the key features of the di erent solutions.

Figure 6.1: Cast Freetour 2.0 & ATK Raider EVO 13
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Figure 6.2: SS/LAB SHIFT 13 MCN & Salomon Strive
14 GripWalk
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The o erings were chosen for versatility. Investigating the only modular solution
on the market, a tech binding, a hybrid binding, and a pure alpine binding. To
summaries the information gathered from the current o erings and the pros and
cons CAST FREETOUR 2.0 is for skiers who want versatility, but don't want to
compromise on functionality, even though it weighs more than a tech binding. The
ATK RAIDER EVO 13 is for the ski-touring enthusiast who engages in longer ski
tours and puts value in a lightweight binding. The binding has limited elastic travel,
and will not perform as an alpine binding. Furthermore, the binding requires ski
boots with tech inserts in toes and heels to be able to use. SS/LAB SHIFT 13
MULTINORM is a highly versatile binding with tech and alpine modes but it is a
compromise on di erent properties, regarding the weight and the e ciency of ski-
touring, and downhill performance. It is slightly cheaper than CAST and ATK,
making it more a ordable and a good choice for the skier who enjoys resort skiing
and backcountry skiing. Salomon Strive 14 GripWalk is a pure alpine binding, with
a focus on performance and control, which is enabled through the low-centered toe-
piece. It's not too expensive but limits the user to resort skiing and easily accessible
0 -piste skiing near the ski resort.

6.1.4 Product positioning and competitive advantage

A modular alpine binding system is based on technology that already exists on the
market today, the challenge lies within the attaching mechanism of the di erent
binding parts to the baseplate of the skis. As mentioned, there are plenty of bind-
ings on the market today that accommodate the needs of di erent skier pro les and
skiing conditions, however, there is always a compromise between di erent abilities
of the binding. Either the touring bindings are super lightweight and not as stable
and rigid for downhill skiing, or the hybrid bindings are quite heavy but provide bet-
ter stability and control for downhill skiing, whilst the alpine bindings don't provide
the ability to ski-tour. Many manufacturers provide di erent o erings to the market
and the technology of the bindings is quite mature as many di erent materials and
types of construction have been tested throughout history.

The functional model that the project aims to develop together with NORSE is
quite new to the market, though there is one manufacturer who has introduced a
modular alpine binding system (CAST), but thus far only provides modularity of
the toe-piece of the binding system. There is therefore a gap in the market to intro-
duce a modular alpine binding system of both the toe-piece and the heelpiece of the
binding. A modular alpine binding system is therefore a product with low maturity,

as it is a new concept of an already existing and mature product. By being a prod-
uct with low maturity it will be placed early in an s-curve diagram, according to the
gure below 6.3. The diagram illustrates that the product belongs at the beginning
of a new s-curve, and thus a new segment in the area of development of alpine ski
bindings. Whereas the new segment focuses on the development and improvement
of traditional alpine ski bindings, new technology adds extra functionalities for the
user. A product of this sort may lead to a lot of development in the upcoming years.
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Figure 6.3: S-curve - alpine ski bindings

The rst s-curve in the bottom left corner according to gure 6.3 above illustrates
the transformation and the development of alpine ski bindings throughout history.
The cross located at hybrid bindings describes where the segments are positioned
today on the development curve. The second cross located at Modular alpine bind-
ing systems on the s-curve to the right describes the positioning of what the study
together with NORSE aims to develop. The segment for a modular alpine binding
system belongs to a mature market with a high level of competition but the product
that this project and study aim to develop is a step away from already existing
solutions on the market, which will lead to new challenges and opportunities.

The challenges of such a product lie in the technical development, as a quick-release
system of the attachment and detachment of the product is not as investigated and
proven in commercial use. The challenge is to deliver a better product than the
existing solutions on the market without compromising on necessary performance in
terms of, safety mechanisms, weight, durability, rigidity, and ease of use. Another
challenge is to attract customers from the already existing alpine ski binding mar-
ket, with users who have high demands and needs regarding the equipment. The
products on the market today have a high degree of development and the products
are optimized in each area to meet the di erent demands of the user, since this
is an unexplored eld of innovation there will be challenges regarding the attach-
ment of the di erent binding parts as gaps and exion needs to be minimal to be
a successful product. Simultaneously the product has the opportunity to solve the
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di erent compromises between alpine and tech-binding parts that currently exist
on the market while also allowing for versatility and exibility, convenience of use,
and cost e ciency. By providing a modular alpine binding system the user does
not need to buy multiple skis or di erent binding systems on di erent skies as the
system can easily be swapped on di erent skis.

The possibility of developing a new product might attract new stakeholders and
customers, who in turn can generate publicity and purchases, strengthening Norse
as a brand. By entering the market early on, the company has the opportunity
to set standards in terms of price and quality on the market. The lifespan of the
market itself will also increase as it generates more purchases over a longer period
of time, leading to a faster return on investment as a consequence of being an early
actor in the market.

6.1.5 SWOT-analysis

After determining the product positioning on the market using the s-curve, informa-
tion regarding the technology over time and the adaption to market trends has been
identi ed. However, to gain further knowledge and include aspects that can a ect
the success of the binding system on the market a SWOT analysis was conducted,
to identify internal and external factors. The Swot analysis is presented in 6.1.

Table 6.1: SWOT - Analysis of a modular alpine binding system

Flexibility & Versatility
Convenience

Cost e ciency
Innovative Appeal

Complexity & Durability Concerns
Weight
Higher Initial Costs

Growing Ski Touring Market

Sustainability Trend Competition from Specialized Products
Partnerships with Ski Manufacturers| Skepticism from Hardcore Skiers
Expansion into Rental Markets Technological Risks

Technological Advancements

6.1.5.1 Strengths

The strengths of a modular alpine binding system are that it allows for exibility
and versatility. The system allows users to switch between di erent types of bind-
ings, both alpine bindings and tech bindings depending on the terrain and activity.
This can increase the appeal of the product to a broader audience, catering to the
needs of both alpine skiers and ski tourers. By enabling the possibility of switching
bindings it reduces the need for multiple skis or dedicated setups, which in turn can
save both space and costs for skiers who engage in di erent disciplines of skiing.
Another positive aspect is the convenience that the system o ers. The function-
ality of quick attachment and detachment simpli es the process, users can adapt
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to di erent conditions without the need of extra tools or expert help. It can also
save time for backcountry skiers as they otherwise need to switch between di erent
binding modes depending on if they are going uphill och downhill.

Over time the solution is cost-e cient, but initial costs may be high. It is more
cost-e cient over time as the users avoid purchasing entirely separate setups of skis
and bindings for alpine and touring purposes, making it a long-term cost-e ective
choice. The threshold of upgrading the setup is lower, and opens up for resort skiers
to invest in tour bindings without having to purchase a new set of bindings and
mount them to new skis. The nal strength is the innovative appeal, since it is
cutting-edge technology it might attract skiers who are into new technology and
performance of their ski bindings, enhancing the brand's and the product's image
as innovative and forward-thinking.

6.1.5.2 Weaknesses

The weaknesses of the system are identi ed to be complexity and durability con-
cerns, weight, and high initial costs.

The complexity of the modular system may introduce points of failure which might
lead to decreased durability over time as the more moving parts, the greater the risk
of malfunctions. To ensure that the modular system is secure and stable in di er-
ent conditions, precision is necessary, which might make manufacturing costs higher
and accuracy more di cult to achieve. The weight can also be an issue as added
components, to enable the binding's modularity, might result in heavier equipment
compared to xed bindings. This aspect could be a critical factor as backcountry
skiers prioritize lightweight gear for energy-e cient touring.

Higher initial costs are another weakness, as the upfront cost of the system is likely
higher than traditional xed bindings. Some skiers, especially beginners or casual
skiers, might disregard such a solution due to the initial cost, but the system might
be able to compete with the tech bindings on the market as they are already quite
expensive. Even though the initial cost might be high for beginners and casual
skiers, they don't have to buy the entire setup at once, meaning that the initial
total cost of the binding might not be too expensive for this customer segment.

6.1.5.3 Opportunities

An opportunity for this type of solution is the growing ski touring market, the pop-
ularity of ski touring and backcountry skiing has grown rapidly [39]. A modular
system that allows users to upgrade and be able to switch between alpine and tech
bindings could tap into this expanding market, enabling more skiers to explore both
worlds without multiple setups and skis. With the growing awareness of sustainabil-
ity, a system that reduces the need for multiple setups of equipment can appeal to
environmentally conscious consumers who strive to minimize their ecological foot-
prints by purchasing fewer products. It is also appealing to consumers who strive
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to minimize their carbon footprint by taking public transport to ski resorts and ski
destinations as they can travel light.

Partnerships with ski and boot manufacturers could lead to more integrated sys-
tems where the modular bindings t seamlessly with other high-performance gear,
enhancing user satisfaction and driving brand loyalty. Expanding into rental mar-

kets can obtain a wider target group of customers. If ski rentals adopt the modular
system, they can o er clients more options and variety with fewer skis. This can
appeal to rentals and customers who want the exibility of alpine and touring ex-

periences without committing to buying equipment.

Another opportunity is technological advancements as future innovations in materi-
als and quick locking mechanisms could improve the product's performance (lighter,
and more durable). This can further di erentiate the system from traditional bind-
ing systems and strengthen the competitive advantage in the market.

6.1.5.4 Threats

The most evident threat is the competition from specialized products from already
established brands that o er dedicated alpine and tech bindings on the market. As
they already built their brand and loyalty from customers, they might still be the
obvious choice for dedicated skiers who might not trust a modular system to perform
at the same level. Already established brands are trying to integrate the alpine and
tech binding into the same binding system striving for more durable and lightweight
constructions. Therefore, there is the threat of competitors developing their own
modular alpine binding system.

A threat to innovations and technologies can also be that high-performance skiers
may distrust a modular system, fearing that it compromises safety or performance
causing them to resist the technology and stay loyal to competitors providing dedi-
cated binding systems for reliability and precision. Additionally, since the solution
Is to provide a quick attachment/detachment mechanism, it needs to be fail-proof.
This is particularly important for backcountry skiing in di cult, and sometimes
life-threatening terrain. Failures in a system put the product at technological risk.

If they occur, they could cause serious accidents, product recalls, or damage the
brand's reputation.
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6.1.6 Patent research

The SWOT analysis provided valuable information on strengths and market oppor-
tunities, but to gain knowledge of the competitive landscape it is essential to explore
existing patents. This section presents investigated patents and solutions that could
be of interest to the study and the development of the di erent concepts. The patent
research provides insights into existing technologies and mechanical solutions in the
alpine industry, as well as other mechanical innovations of interest. By conducting
patent research insights on current market solutions can be gained.

The information has been gathered through research via web pages such as Es-
pacenet and Google patents. There have been di erent areas of interest during the
patent analysis, and therefore it covers patents of alpine binding parts, tech binding
parts as well as di erent locking mechanisms from innovations within other indus-
tries. The patent analysis was divided into three di erent focus areas. Heel-pieces,
toe-pieces, and other interesting patents. Since the project strives to develop a mod-
ular binding system that enables both alpine skiing and ski-touring, the analysis was
further divided into research regarding tech bindings as well as alpine bindings. The
third focus area is related to other interesting patents, and targeted di erent types

of locking mechanisms. The process overview of the patent research are shown in
6.4 below.

Figure 6.4: Process overview for the patent analysis
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From the patent research, ten relevant patents for the thesis were analyzed consid-
ering their functionality. Of the patents investigated, six were perceived as more
relevant for the development of the modular binding system than the others. The
most interesting patents for the thesis are presented in 6.2. The table presents the
strengths, and weaknesses of each patent. The full list of patents are presented in
appendix, A.3.

Table 6.2: Interesting patents

Patent Name | Strengths | Weaknesses
Heel-pieces
Lightweight Pins might not-
Atk heel Simple and clean design unhook properly
Tower rotates (Multifunctional) Not as predictable release
Pivoting movement allows- Steep angle of heel tower
Rossignol heel for displacement of ski boot
) . Heavy
Reliable release mechanism
Toe-pieces
. . Not as predictable release
Atk toe Lightweight Risk ofF;now build-up

Jaws unhook independently Sensitive to breakage

Provide elastic-travel
Allow smaller diceplacements-
Marker toe of ski boots
Reliable releases
Enables walking mode
Other interesting patents
Clamp to xate binding
Allows for snowboarding-
Burton splitboard | and touring
Lever secure board-
from vertical movement

Heavy
Less rigid construction

Binding not xed,-
less rigid construction

Locks shoe to pedal Twisting movements
Bike pedal lock mechanical parts, not- for release-
P exposed to outer environment High complexity

Can lock into pedal in multiple ways| Heavy

Atk heel is a patent of a typical tech-heel, it is lightweight and has a simple and
clean design. The heel tower can rotate, which enables the skier to switch between
di erent riding modes, downhill skiing, and walking. The drawbacks of this patent
are that the pins might not unhook from the ski boot properly, and thus, do not
provide as reliable a release mechanism as Alpine bindings.
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Rossignol heel has a pivoting movement in the heel-piece which allows displace-
ment of the ski boot, it has a better ability to chock-absorb and provide a more
reliable release mechanism. Since it has a more robust design than a tech-heel it
will add weight to the heel and make it heavier. The steep angle of the heel tower
can also be a cause of injuries in case of unfortunate falls or bad landings when
skiing.

Atk toe is a patent that has a simple design, is lightweight, and has jaws (the
pro le of which the pin inserts are located on the toe-piece) that can unhook the ski
boot independently. Due to the independent unhooking of the jaws, a consequence
could be unexpected and less reliable releases of the skier's boot. Since there is no
housing around the mechanical parts, the risk of snow build-up is greater and the
moving parts are more exposed which can lead to breakage.

Marker toe is a patent that provides elastic travel, therefor it allows for smaller
displacement of the ski boot. The releases are more reliable, and the patent is an
alpine toe-piece that enables walking mode for ski-touring. The drawbacks of this
patent are that the construction is heavier compared to tech-bindings and though
it enables walking mode, more moving parts might lead to a less rigid construction.

Burton split board is a patent that enables snowboarding and touring up the
mountain by removing the binding and positioning it on attachment features, located

at di erent points of the board. The solution uses a clamp to xate the binding on

the attachment features. Since a split board enables the user to split the board to
enable walking mode, the user can also assemble the board into one piece by using
levers to secure the board from splitting. The binding is not xed apart from the
locking mechanism of the clamp and can lead to a less rigid construction.

Bike pedal lock is a solution used to lock a bike shoe to the pedal. The patented
solution provides a concept that does not expose the mechanical components of the
locking mechanism to the outer environment. The user can also attach their shoe to
the pedal in multiple ways, clicking the shoe into place by applying forward pressure
or by equally distributed pressure straight down on the pedal. The drawback of
the solution is that the twisting movement would not be applicable in a binding
system for alpine skiing unless the rotating movement can be locked. The number
of components leads to higher complexity and also adds to the weight.

The information gathered from patent research increases the knowledge of patented
solutions on the market. Simultaneously it shows what properties have a positive im-
pact on the product and its functionality, but also demonstrates negative properties
to consider in further development.
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6.2 Customer & user identi cation

The modular alpine binding system to be developed will target a broad range of
customers and users. The customers refer to those who purchase the product and
the users refer to those who use the product. Table 6.3 below presents the users
and stakeholders of interest for the product development. The segmentation was
conducted to ensure that the in-depth interviews focused on customers and users

relevant to the study.

Table 6.3: Table over the stakeholders and users for the project

Category

Stakeholders

Main stakeholder

Chalmers University of Technology
Investors
Norse Skis AB

Lead user

Advanced skiers dedicated to:
Ski-touring

Mountaineering

Free-riding

Backcountry guides

Typical user

Intermediate to advanced skiers dedicated ta:
Resort skiing
Ski-touring
Free-riding

Extreme user

Professional skiers dedicated to:
Ski-touring

Mountaineering

Free-riding

Primary user

Dedicated backcountry skiers & resort skiers

Secondary user

Ski shops
Ski rentals

Tertiary user

Users that provide mechanical maintenance
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First and foremost, the terminology of the various users has to be explained. Skiing
outside of the ski resort boundaries can be divided into three di erent groups and
within these groups, there are di erent styles of skiing. These groups are free-riding,
ski-touring, and mountaineering [40].

Freeriding refers to advanced skiing knowledge and technique. It is fast skiing in all
terrains, with challenges such as jumps, moguls, and getting the rst run in fresh
snow. Freeriders often access their terrain closer to ski resorts, going up with ski lifts
or heli-operations. Freeriders usually want wider and longer skis (105-125 under-
foot). Freeriders go for shorter trips with avalanche gear in hazardous environments
and the focus lies on downhill skiing.

Ski-touring is usually performed in remote terrain and high mountains and practiced

in groups due to the risks in high-stakes environments. It requires intermediate ski-
ing knowledge and technique and a great level of tness as the skiers are exposed
for a longer period due to skiing in areas far away from ski resorts. The skis used
by this type of skiers are usually lighter and shorter, additionally, it requires skins
to ski-tour up the mountain. Ski-touring involves a heavier weight to carry due to
avalanche gear, extra clothes, food, and water. Therefore this group of skiers prefers
lightweight gear.

Mountaineering requires even more advanced skiing knowledge and technique and
usually this group of skiers also have climbing knowledge. They usually tour up the
mountains with equivalent equipment as the ski-tourers, additionally, they carry
climbing gear and ice axes. The skis prefered for this group of skiers are light but
sti er usually 98-105 under foot. This group of skiers is dedicated to o -piste skiing,
and backcountry expeditions and have expert knowledge on movements in hazardous
alpine environments.

Resort skiers are a group of skiers who mainly ski within the boundaries of the ski
resort, on the piste, where conditions are controlled. Within ski resorts, the skiers
have access to facilities and ski lifts.

As illustrated in the table above, the users of an alpine binding system can be
divided into three di erent segments: Lead-, typical- and extreme- users. All seg-
ments practice skiing on di erent levels regarding ski technique and environment.
The main stakeholders of this master thesis and development project are Norse Skis
AB, Norse Skis' investors, and Chalmers. They have an impact on the project since
they invest time and money in the project. The lead users are de ned as advanced
skiers dedicated to ski touring, mountaineering, freeriding, and backcountry guides.
This segment has a high level of skiing technique and utilizes the binding regu-
larly, switching between alpine and tech parts often, in challenging environments.
The typical users are intermediate to advanced skiers who are dedicated to resort
skiing, ski-touring, and freeriding. This segment utilizes the binding in both the re-
sort and the backcountry and appreciates the exibility of switching between alpine
and tech binding parts depending on weather conditions and preferred way of skiing.
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The extreme users are the users with speci ¢ and extreme needs that push the limits
of the product. The extreme users are de ned as professional skiers in ski-touring,
mountaineering, and free-riding. This could be a skier that tackles a technical decent
in extreme conditions (freezing temperatures, ice-covered slopes, steep and di cult
descents) with frequent switches between alpine and tech bindings. Furthermore,
the users can be divided into primary-, secondary-, and tertiary users. The primary

users for this product are de ned as dedicated backcountry skiers and resort skiers.
This group of skiers are intermediate and are comfortable in both backcountry en-

vironment and the piste. Secondary users are ski shops and ski rentals that sell the
product or provide rental services for the product. The tertiary users are the users

that provide mechanical maintenance of the product in case it breaks or something
Is malfunctioning.

The segmentation aids in tailoring the binding system to accommodate di erent

types of users with di erent skiing preferences while also ensuring that relevant
individuals are interviewed. The result of the identi ed segment ensures that the
participants selected for the in-depth interviews align with the targeted market, and

enhance the study's relevance.

6.3 Identifying customer needs & requirements

This section presents the results from the collection of qualitative data. The identi-
cation of the customer needs and requirements is essential for the development of
a modular alpine binding system, to ensure that it aligns with the expectations of
the users. The customer preferences, integrations with the products, and potential
pitfalls are identi ed through the analysis.

6.3.1 KJ-method and interpretation of data

The information obtained from the ve in-depth interviews was transcribed and all
relevant data was collected and interpreted using the KJ method. Post-its and color-
coded paper were used to divide the questions from the in-depth interviews into main
areas related to the development of a new product. The main areas used in the KJ
method were user, environment, cost, competitors, material, shape and ergonomics,
attachment, unwanted attributes, problematic areas or issues, value creation, and
the modular alpine binding system. All the important and most prominent aspects
that could help in the development of a modular alpine binding system that had
been mentioned during the interviews were listed on post-its and assigned to relevant
areas 6.5. Each area was further analyzed, and the most important aspects indicated
in each area were summarized, reducing the range of post-its in each area 6.6. The
narrowed range of Post-its through the analysis using the KJ method, forms the
building blocks on which the customer needs list will later be built.
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Figure 6.5: KJ-method - rst draft
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Figure 6.6: KJ-method - second draft
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6.4 Customer needs list

The customer needs list (appendix A.1) contains 40 needs and requirements based
on the data acquired from the in-depth interviews and the KJ analysis. The needs
and requirements were given relative importance from 1-5, with 1 being the least
important and 5 being the most important. From the customer needs list, 19 out
of 40 needs were graded with the highest importance possible and are therefore
demands that the product needs to ful Il in order to satisfy the targeted customers,
6.7.

Figure 6.7: Customer needs list - highest importance

From the customer needs list it is evident that the customer wants the binding to
function like other alpine ski bindings or tech bindings on the market regarding re-
lease mechanisms, durability, locking mechanisms of crucial parts for walking and
skiing mode, etc. The most important aspects of a modular system despite ful lling
all the requirements expected of ski bindings are that the system should not be too
expensive compared to other similar options on the market, provides easy alignment
and attachment of ski boots, be lightweight compared to similar solutions, enable
easy attachment and detachment of the modular binding parts, reduce as much of
the heel piece as possible for touring mode, be time e cient in transition from alpine
to tech parts (<5 min) and provide the user with alpine performance for downhill
skiing.

There were other needs in the customer needs list that got graded with high impor-
tance as well, these were listed separately and will outline the demands, but mainly
wishes of the customers. The whishes represents the features customers desire of a
product to ful Il to add further value and are presented in gure 6.8 below.
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Figure 6.8: Customer needs list - whishes

From the separate list of customer needs that were graded lower than the once
stated in gure 6.7, there are a few considered to be demands even though they got
a lower ranking. These were needs such as accommodating to di erent boot sole
lengths, functional in -40 to 20 degrees, not being a ected functionally by UV-light
exposure, and allowing elasticity in the tech heel. The other needs stated in the list
are considered to be wishes as their functionality might cause pain points for the
user but are not regarded as crucial to the overall functionality of the binding system.

From the data collected and analyzed with the KJ method apart from providing

a modular binding system that allows for ski touring and alpine skiing. The most
prominent wishes regarding such a system were that it o ers good alpine perfor-
mance going downhill, has a compact and neat design, allows for an easy and smooth
transition from tech parts to alpine parts, reduces the risk of ice and snow build up
in sensitive parts and comes with an additional soft bag or box so that the parts are
easily found when stored in backpacks, while also reducing the risk of snow and ice
melt in the backpack.

6.5 The complete Requirement speci cation

After analyzing and interpreting the information and data gathered from the in-
depth interviews, the customer's need list and the graded importance of the needs
provide the foundation for the requirements speci cation. The most important needs
are converted into demands and the other needs of high importance are converted
into wishes. The complete speci cation of requirements is presented in appendix A.4
and contains information about what criteria the modular binding system aims to
ful ll, and has been evaluated and reviewed iteratively throughout the development
of the prototype.
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6.6 Customer personas

From the customer and user identi cation, together with the customer needs list,
speci cation of requirement, as well as information obtained from the company,
customer personas were created to further aid in the development of the modular
alpine binding system. While the requirement speci cation consists of functional
and technical demands of the product, the customer personas aid in aligning design
choices for customers actual needs.

The personas created were the amateur skier, the aspirant skier, and the advanced
skier. The customer personas contain names, ages, genders, occupations, interests,
and levels of income and act as ctional representations to further represent and
enhance the di erent needs and requirements of di erent users together with quotes
and di erent customer needs of a binding system.

The personas created are presented in A.6. The key properties of a modular binding
system from the customer personas are that it is a ordable, durable, enables the
opportunity to upgrade, provides safety, accommodates di erent boot sole lengths,

does not compromise the performance, and is aesthetically appealing.

6.7 The idea generating process

This section presents the methods and processes implemented to understand, de-
velop, and evaluate concepts of the prototype that the thesis aims to develop. From
the information gathered through identifying design aspects, conducting market
and competitor research, and customer and user identi cation, the modular binding
system could be analyzed regarding the di erent functions necessary to meet the
customer's expectations. Concepts were generated and evaluated through the use
of various matrices.

6.7.1 Function tree

A function tree diagram for a solution that allows a versatile ski binding for alpine
skiing and touring has been created, and the solution that enables these functions
iIs a modular alpine binding system. The function of the modular alpine binding
system is further broken down into seven sub-functions, the main functions being:
enable alpine skiing, enable touring and tech mode, enable modularity for di er-
ent parts, provide adaptability, ensure safety, enable user preferences, and comfort
and usability. The di erent sub-functions are further broken down into more sub-
functions and categorized by numbers as illustrated in gure 6.9 These sub-functions
categorized by numbers are further explained in the bullet point list presented in
the Appendix A.5.
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Figure 6.9: Function tree - modular alpine ski binding

6.7.2 Black box

A black box was conducted to understand the dierent functions of the system
further. It describes the inputs of the system, the functions, and the outputs. The
inputs concern the skier's actions, the force applied to the system (energy), and the
forces applied from the terrain which also a ect the system. The inputs outside the
system boundary convert to the outputs which provide a secure binding, released
binding, modular con gurations of the binding, and power transfer (energy) from the
ski boot to the skis. Within the system boundary, the functions are further divided
into functions and sub-functions within di erent areas as illustrated in gure 6.10:

Figure 6.10: Black Box - Modular alpine ski binding system

From the function tree and the black box, the most prominent aspects regarding
the functionality of the prototype are that the system is compatible with GripWalk
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ski boots, that the system is designed to retain and release the ski boot, enables
modularity of toe- and heel pieces, provides adaptability by adjustment for boot
compatibility and DIN settings, has few conversion modes and is easy and detach
without any additional tools.

6.7.3 Concept Evaluation and Selection

The ideation phase and development of concepts were conducted through brain-
storming, sketching ideas of concepts, and generating new concepts in a morpho-
logical matrix. The concepts generated in the morphological matrix were further
analyzed in an Elimination- and Pugh- matrix. Ideation is an iterative process,
conducted multiple times through the development of the modular binding system.

The di erent concepts were generated by subgroups with support from the func-
tional tree and black box, to divide the various aspects of the binding. The rst
subgroup considered the attachment and detachment mechanisms of the modular
binding parts to the base plate of the skis, the second subgroup regarded the locking
mechanism of the system. The rst draft of the brainstorming and the di erent con-
cepts generated in the morphological matrix resulted in 15 solutions, each assigned
a name to distinguish them.

The concepts generated in the morphological matrix were further analyzed in an
elimination matrix where the concepts were compared to di erent relevant criteria
from the requirement speci cation.

Concepts are assigned with a '+, -', or a '?" mark. Once a concept receives a '-'
instead of a '+' the idea is eliminated, The question mark is assigned to the concept
where there is a knowledge gap. The elimination matrix resulted in eight concepts.
Due to existing knowledge gaps, it was di cult to determine whether certain con-
cepts met the various requirements or not, and due to the uncertainties surrounding
these, they were not taken further in development. After the elimination phase,
solutions similar to other remaining concepts also remain, provided that they are
very similar, these can then be combined into new concepts. Some rejected con-
cepts may still be interesting because of sub-functions of interest, if so, they can be
merged with the solutions that were similar into new concepts. Hence, the results of
the concepts analyzed in the elimination matrix are further evaluated, and similar
concepts and discarded solutions with interesting sub-functions are merged before
proceeding further with the concept analysis.

After evaluating the concepts in the elimination matrix, the concepts are further
analyzed and evaluated in a PUGH matrix. In this matrix generated ideas are
evaluated against a reference concept regarding how well they meet the wishes es-
tablished from the customer needs list. The highest-ranked concepts are further
evaluated in an additional PUGH matrix, with the best-ranked concept from the
previous draft as a reference. As it is an iterative process, the concepts in the rst
draft were evaluated against a solution similar to the current o ering on the market.

In the second iteration, the highest-ranked concept from the rst draft is set as a
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reference, and the remaining concepts are evaluated against it. The highest-ranked
concepts from both iterations are further evaluated and act as the foundation of
the concepts that are to be developed. From the elimination matrix, eight concepts
remained. The nal result after evaluation through iterative implementations of
PUGH matrices generated four concepts.

Further development of the other parts of the concept will not include evaluation
through matrices because the most prominent part of the solution is the attachment
and detachment of the modular binding parts to the base plate of the ski. The
other modular parts of the binding will be developed through brainstorming with
the information from the patent research, function tree, black box, customer needs
list, and the requirement speci cation as a basis of the development. The concepts
generated form a basis for further development, on which they will be evaluated,
by creating CAD models and prototypes using 3D printing. After evaluating the
CAD models and the 3D printed parts, they are either further developed by merging
interesting features or by modifying them into new promising concepts that have a
greater opportunity to meet the customer needs and demands.
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Results of conceptualization
process

This chapter contains the result of the methods previously implemented to generate
ideas of concepts for the modular alpine binding system, that could be further
conceptualized, re ned, and developed using CATIA software and 3D-printing. The
chapter describes di erent concepts, the evaluation of these, the nal concepts, and
the process of 3D printing the modular components.

7.1 Conceptualization of ideas

After generating ideas and using matrices to aid in the idea generating process, the
conceptualization phase begins. In the conceptualization phase, di erent concepts
and solutions to the problem were modeled using CATIA software. The original
concepts were based on the highest-ranked concepts in the matrices. The concepts
were further evaluated in the conceptualization process, and modi ed as unforeseen
issues and new ideas for the solution surfaced during the modeling phase of the
project.

To develop a functional modular alpine binding system for ski touring and alpine
skiing, the system must be compatible with alpine and ski touring boots. There-
fore, a boot sole of ISO 23223 (GripWalk) was modeled using Catia software. The
model of the boot sole was then 3D printed to allow testing for the dimensions of
the modular binding parts and their compatibility with the ski boot sole.

The main problem to solve in this project is the modular attachment to the base
plate of the ski. Initially, conceptualization started with the dierent solutions

for the base plate and its attachment and detachment features. The alpine heel-
piece and the alpine toe-piece were modeled with the attachment and detachment
features as a foundation for further development. After the rst draft of concepts,
some were discarded, re ned, or new solutions emerged. The discarded concepts
were considered too complex to further develop, for example, there were knowledge
gaps regarding the feasibility of the construction or mechanical systems.
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7.2 Conceptualization of base plate

The conceptualization phase of the base plate initially started with conceptualizing
the result obtained from the Pugh matrix. The concepts were then evaluated on
design, functionality, and feasibility through the creation of CAD models and 3D-
printing of components.

7.2.1 Concept 1 - Cylinder solution

The rst solution conceptualized using CAD was a cylinder-shaped solution base
plate with grooves. A binding insert (top prole in the gure) is inserted into
the cylinder-shaped base plate (at the bottom of the gure). A mounting plate
is attached to the bottom of the base plate. A spring and an additional upper
plate with grooves are mounted on the mounting plate's axle. The functionality of
the concept is that the binding is inserted into the grooves of the base plate and
thereafter pushed downward (compressing the spring) and simultaneously rotated
into a locking position. The spring will thereafter extend and apply pressure to the
binding insert so that it does not rotate back in the grooves.

This concept gathered a high ranking in the Pugh matrix, but after making a digital
representation of the solution it was discarded as the complexity of the solution
was regarded as too high. The grooves must contain an incline in the 90-degree
bend so the binding insert does not slide back into the original vertical groove.
Furthermore, the spring must be locked from compression and expansion, which is
not conceptualized in the suggested solution. Due to the knowledge gap, the solution
was discarded from further development.

Figure 7.1: Exploded view cylinder solution
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7.2.2 Concept 2 - Push botton

The Push button concept consists of a base plate with guided slots for the binding
insert. The binding insert is pushed into the guided slot forcing down a horizon-
tal inclined pin (located in the front), which is attached with a spring underneath.
When the binding insert is fully inserted the spring-loaded push button will expand
and return to its original unloaded position. This in turn will lock the binding from
gliding in the guided slots because the pro le of the backside of the pin is vertical.
The pin has a corresponding groove in the binding insert, which will lock its position,
the binding insert can not be detached unless the pin is forced downward again. The
solution of unlocking and moving the pin downward again can be realized through
an extended arm/lever connected to the pin, located either on the side or in front
of the base plate.

This concept is similar to the modular toe-piece from CAST, but the spring-loaded
pin is positioned at the front of the base plate. This concept was taken further in
the process for re nement and further development since similar technologies are
used in existing solutions.

Figure 7.2: Guided slots with in- Figure 7.3: Guided slots with in-
clined push button from above clined push button from beneath
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7.2.3 Concept 3 - Pin Solution

The third concept is also based on guided slots, but instead of a spring-loaded
pin from underneath the pin is located in the front center of the base plate. The
binding insert has a corresponding pro le to the guided slots and a square-shaped
front containing a hole in which the pin locks the binding. Once pressure is applied
to the pin, the spring, to which the pin is connected, will start to compress. Once
the hole in the binding insert aligns with the pin, the pin will lock the binding as the
spring expands to its original position. To be able to detach the binding insert from
the base plate, the spring must be compressed. The insert is detached, either by
applying pressure to an extended arm or a lever positioned at the top of the housing
or the front of the binding. The concept is a promising solution that, with its rather
simple design and simple mechanical system, is considered potentially feasible for
the project, and is therefore taken further in development.

Figure 7.4: Pin solution seen from

the side
Figure 7.5: Housing of Pin solution
seen from above
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