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I.

ABSTRACT

Crampons are a device composed of a framework containing prongs, a front-part
binding and a rear-part binding system that are attached to the boots in order to climb
through steep walls covered by ice, snow or rocks. Currently, the process to attach the
binding system is complicated and time consuming. A new design of the rear-part
binding system of the step-in crampon adapted to the current boot is therefore desired to
create. The Five-Step Method is implemented to obtain the concept design. The
refinement of the concept is then performed and the mechanism is designed based on
the action of a spring. This improvement provides a simpler and faster attachment
process to the boot and it does not require removing the gloves. The steps for the new
fastening and unfastening process are lowered compared to the step-in crampon. The
Value Engineering Method is used when establishing the materials and manufacturing
process of the components. Chromoly steel AISI 4130 is determined for the most
critical components suffering highest stresses. High Density Polyethylene polymer is
used for the parts with the lowest demands concerning the stresses they have to bear.
These materials stand extremely low temperatures and provide low density and high
tensile strength. Commercial elements are used when possible to reduce the costs and
simplify the design and assembly process. A CNC milling machine is used to
manufacture the steel pieces with simple shape. The moulding process for steels is
established for the steel components with more complicated shapes. Injection moulding
is determined to produce the polymer parts. A simple and effective process is
established for the assembly of the elements, which does not required high ability or
specific tools. The design of the assembly provides the opportunity to recycle the
materials. The functionality of the attachment mechanism is proved. It is verified that
the critical components withstand the stresses created at them according to a security
factor of 4. This is concluded accomplishing an analytical analysis and also using the
Finite Element Method. The cost of the new product is estimated to be more expensive
than the reference step-in crampon. The designed product weights almost the same than
the current step-in crampon and it has reduced dimensions for storing it. It includes a
security system that avoids the binding system being released even if a high force is
applied to the system. It is important to regulate the binding system to the height of the
rear-part groove of the boot and to fasten the security system tightly to avoid any
clearances between the boot and the crampon.
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1. INTRODUCTION
This project consists in developing a new binding system for the crampon, which is a
device that is attached to the boots in order to walk and climb through ice, snow or steep
walls. Currently, the process of fastening and unfastening the crampon is very time
consuming and difficult due to the hard conditions at which the attachment is
performed. Hence, a new binding system is intended to be created in order to make the
process easier and faster.

1.1.

BACKGROUND

Since ever, a large part of the society has been attracted by the mountains. These huge
hills have always caught their attention challenging them to reach the summit of the
mountain.
Nonetheless, up from a certain height mountains are covered with snow and ice,
making impossible to continue climbing with standard boots. Besides, there are also
rock walls, which are impossible to climb without appropriate equipment due to their
sloping. Therefore, in 1908 the German alpinist Oscar Eckenstein invented a device that
made possible to climb and walk through ice, snow or rock without slipping: the
modern crampons (see figure 1).

Figure 1: Eckenstein crampons: the first commercially available crampons (Yahoo Groups, 2009)

This device, which consists of a steel framework (1) with prongs (2), is attached
to the bottom of a boot. This attachment is performed by straps (The free dictionary,
2003).
Eckenstein contacted an Italian blacksmith called Henry Grivel to produce this
crampon. Since the first crampon was manufactured and shown in public, Grivel began
the production of this device in order to commercialize it.
As years passed, the purchasing of crampons increased and the product
continued being developed. In 1928, Henry’s son Laurent Grivel attached two
additional front prongs to the 10 prong crampon, creating the first 12 prong crampon
(see figure 2).
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Figure 2: The first 12 prong crampon (Aristasur, 2012)

These two front prongs (1) allowed alpinists
alpin
to climb
mb steeper walls and to reach
previously inaccessible terrains.
In 1967, the first crampon for steep ice climbing was created by Yvon
Chouinard and Tom Frost, which had a completely rigid framework (see figure 3).
3)

Figure 3:: First rigid framework crampon for steep ice (Aristasur, 2012)

The rigid framework made them suitable for ice climbing due to its more
sophisticated capacity to bear the repetitive hammering against the ice. This crampon
was further developed; hence, it was followed by another model of the crampon which
had two of the prongs inclined backwardly
backward to the direction of the wall in order to
complement the structure. As a result, the framework obtains additional support as the
stated prongs provide a less stressful
st
position.
After the steep ice crampon was developed, in 1972 Mike Lowe improved
improve this
crampon replacing the two front horizontal prongs with two sharper prongs placed
almost vertically to the ground.
ground As a result, climbing on brittle terrain was possible to
perform.
In 1986, Charlet
harlet Moser and Grivel Company introduced the mono point
crampon for ice climbing.
g. This type
type of crampon provided precision and less ice
shattering, giving the climber the possibility to achieve more challenges (Spadout,
2012).
Currently, a great variety of crampons are available in the market, as shown in
section 2.1. All of them are improved if compared to the first crampon created by
Eckenstein and adjusted to the specifications required for the different activities that can
be performed with them (see figure 4).
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Figure 4: Example of crampons of today (REI, 2012)

As shown in section 2.2, three different types of crampons can be differentiated
depending on the binding system, which determines the quality of the crampon: strap
crampon, hybrid crampon and step-in crampon. Otherwise, three different types of
crampons can be differentiated depending on the type of prong: one for ice climbing,
another for normal mountaineering and the last one combining both (Der Einsame Wolf,
2009).
As regards to the simplest crampon in the market, it is used in not demanding
activities, and it costs around 100€. This crampon is composed by high quality
materials that are inexpensive and the shape given to the prongs is barely sophisticated,
as shown at the left part of figure 4. On the other hand, the crampon shown at the right
part of figure 4 is the step-in crampon, which is the most advanced one and costs around
200€. It is used for ice climbing, which is a highly demanding activity. As a result, the
materials used on this advanced crampon and the requirements that it has to fulfil are
especially strict (Barrabes, 2013).
There is an extensive variety of crampon manufacturers in the market, but the
most important ones are Black Diamond, Grivel, Petzl and Camp.

1.2.

PROBLEM

There are situations when the fastening and unfastening system of the crampon can be
hard and harmful:
• It is difficult for an alpinist who is climbing in high altitudes to fasten and
unfasten the crampons. The climber is wearing heavy weight due to all the
mountaineering equipment apart from thick gloves; hence, the process becomes
troublesome. Besides, the bad weather conditions such as cold temperatures and
high winds as well as the sloping land make the process even more difficult.
• Ice climbers who may have to fasten and unfasten the crampons in an inclining
and irregular land, wearing all the climbing equipment in their backs, also share
the same problem.
• Ski mountaineers have to change from skies to crampons every time they come
across an inclining stretch covered by ice, and change to skies again when they
surpass the obstacle. This situation can be repeated several times. Moreover, for
those who are competing, this process takes them a profitable time.
• When someone is lost in an inaccessible place in the mountain, it is necessary to
act as soon as possible. Therefore, if crampons are indispensable to reach there,
3
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a quick fastening process might be crucial. Even more, if someone is injured and
crampons are obligatory for the medical rescue, an easy and fast binding system
is very helpful.
Besides, the problem is commented with regular users of crampons, and it is
observed that there is no simple and reliable binding system for crampons available in
the market. Currently, the fastening process takes about two minutes, and different
tricky steps are necessary to be accomplished (see section 2.4.). Furthermore, the low
temperatures and difficulties of the land at those high altitudes have to be taken into
account.
Due to these reasons, a new binding system for the crampon is required to be
designed in order to create a fast and simple system to attach the crampon to the boot.
The new design has to fulfil the requirements of safety and reliability. In addition, it has
to ensure that the boot is attached to the crampon safely under pressure; thus, no
clearances are formed between the boot and the crampon.
As it is shown in section 2.2, after analysing the type of crampons available in
the market, it is concluded that the binding system of the front part of the step-in
crampon, which is independent of the rear part, is already simple and fast, and it
provides a reliable binding. Therefore, due to lack of time to develop the binding
systems of all type of crampons, it is decided to focus on the rear-part binding system of
the step-in crampon. With the current crampons, it is necessary to remove the gloves
and six different steps have to be accomplished in order to fasten them. Even if the
unfastening process is not as difficult as the fastening process and it is not necessary to
remove the gloves, five different steps are unavoidably to perform to unfasten the
crampon. Hence, the steps to be covered for the attachment process are desired to be
diminished and simplified.
Moreover, the new design is estimated to be absolutely practical due to its
simplicity apart from reducing the time consuming of the fastening and unfastening
processes in general; even more when mountaineers have to go through a short ice
stretch where they have to fasten and then unfasten them again after walking a few
meters.
It is determined that an improvement of the crampon is possible to create
analysing already accessible mechanisms of binding systems for different applications
in the market. A period of three months and a half is available for developing the work,
which is considered sufficient for solving and adapting the problem for the rear-part
binding system of the step-in crampon. An exhaustive planning of the steps to be
covered is implemented (see Appendix A) organising the time in order to collect the
required data, to make a new design of the binding system, to determine the
manufacturing process as well as the materials and to make an estimation of the cost of
the product.
It is considered that the product being developed might possibly have a large
response in the market, as the exigency for it is obvious due to the reasons mentioned
above. Nevertheless, in order to make the product attractive to the producer, it is
necessary to take into account that apart from creating a high quality product, it has to
4
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be economical. Consequently, a balance has to be kept between producing a stiff and
durable binding system that bears the hard conditions at which it is exposed and the
repetitive hammering against the ice, as well as being affordable for customers to
purchase it. Moreover, the product has to be light and ergonomic, while it requires to
have reduced dimensions.

1.3.

QUESTION

The necessity for improving the binding system of the crampons is obvious due to the
simplicity and easiness that this improvement provides to the users.
Accordingly, how can a new binding system for attaching the crampon to the
boot be designed considering all the requirements that the device have to fulfil, as well
as the hard conditions at which it is exposed to?
Furthermore, are there sufficient information, facilities and knowledge in order
to accomplish what it is intended to be achieved? Is there sufficient time considering all
the steps to be covered in order to solve the problems?
In addition, which is the purpose of the project being developed concerning
ethical and social aspects?
The main purpose of an engineer consists of simplifying and making easier the
daily life of the society. Nevertheless, lately, the way of thinking is being changed as
well as the society’s general aim, and the purpose of any enterprise or individual is
focused on obtaining benefits. Currently, when a new development is created or
produced, the main objective is focused on earning money from it, leaving in the
background other moral aspects such as sexism, racism or environmental issues.
The goal of this project consists in creating a new binding system for the
crampons in order to make the process of attachment to the boots more practical.
Therefore, the project is not concentrated on obtaining benefits from it. Instead, the
project is intended to be focused on developing a product that is as economical as
possible for the user to purchase, while assuring the comfort, durability and quality of
the crampon. Moreover, the product to be created is desired to be adaptable to the whole
population.
The design of the product has to be ergonomic, as the user may wear them
during several hours. Moreover, the proposed design and the materials used have to be
perfectly chosen. It is necessary to ensure that the product withstands the critical
conditions at which it is exposed to, as well as the hammerings that it has to endure.
Equally important, the environmental impact caused by both the manufacturing
process of the product and the materials used has to be considered, choosing
environmentally friendly processes and materials that ensure that the damage caused is
as reduced as possible.
As regards to the positive and negative aspects of the product, crampons are a
device which give the possibility to people to reach locations and summits that used to
be inconceivable to achieve before, due to the impossibility of the land concerning the
ice, snow or steep walls.
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Conversely, the fact that the crampons allow to reach inaccessible locations has
involved that the human being is affecting and damaging natural environments that
were not able to access previously in large commercial expeditions. On the other hand,
the aim of the project consists in improving crampons; hence, it is not contributing to
the damaging of the environment, though simply helping in the fastening process.

1.4.

GOAL

The aim of the project consists in improving the rear-part binding system of the step-in
crampon in order to create a new design that makes the fastening and unfastening
simpler and faster than the eventual one, and without having to remove the gloves to
perform the process. The design has to be adapted to the available boot for the step-in
crampon. The design has to be verified to assure that it bears the extreme conditions in
those high altitudes. Furthermore, the materials and the manufacturing processes have to
be established to fulfil the requirements of being a high quality and economical product,
taking into account the environmental impact. Finally, an estimation of the cost of the
product has to be performed.
Therefore, in order to reach the main aim of the project, the following specifications
that the design has to fulfill are established, according to the law CEN 136/WG5 N 39 D
(1993):
Simple and fast to fasten and unfasten: 3 movements are required both to fasten
and unfasten the crampon
Secure binding: The binding mechanism has to withstand a force of 300 N
without releasing
Secure system: the security system has to bear a force of 3 kN without releasing
Light weight: each crampon can weight a maximum of 600 g
Reduced dimensions: in order to store and transport them, the crampons have to
fit in a bag with dimensions 250 mm 120 mm 120 mm
Economical price: the crampons have to cost less than 200 €
High quality against extreme conditions: the crampons have to ensure their
functionality in a temperature of −57 ºC
Ergonomic design: the binding system has to exceed less than 50 mm from the
framework of the crampon / when attaching the crampon to the boot they have
to be tightly connected at the grooves of the boot, being the connection
comfortable when walking and climbing
Suitable for 100% of the boots: the crampons have to be appropriate for any
height of the groove of the boot between 30 mm and 40 mm
Environmentally friendly: the materials have to be recycled materials or the
extraction of them cannot damage the environment / all the components have to
be recyclable

1.5.

PURPOSE

The design of the rear-part binding system of the step-in crampon has to be improved
due to the fact that it largely benefits alpinists, ice climbers, ski mountaineers and rescue
6

Design, Verification and Manufacturing of a New Binding System for Crampons
teams. The design is implemented focusing on the step-in crampon (Grivel, n.d.). In
order not to force the customer to purchase another pair of boots when acquiring the
developed step-in crampon, the design has to be adapted to the already available boot
for this type of crampon, reducing the cost of the product. Firstly, the new design
benefits the climber in not having to remove the gloves in order to perform the
attachment process, what is a large improvement regarding the extremely low
temperature, as the hands might get frozen. Besides, as regards to the fastening process,
the new design reduces the number of steps from six movements to a maximum of
three, being simple and fast movements that are possible to perform with hand or foot,
while the required movements to fasten the crampon of today are complicated and
accurate. On the other hand, as regards to the unfastening process, the steps are reduced
from five movements to a maximum of three simple and fast movements. Therefore, the
attachment process is simplified and the time consuming is largely reduced, even more
taking into consideration that the process has to be performed in both feet.
The binding is designed to withstand a force of 300 N in any direction. This
means that when the crampons are being used and they are hammered into the ice,
whether a force is applied upwardly in order to perform the next step, the binding is not
released. Besides, any other force applied to the binding such as a fall or the crampons
being blocked with any type of obstruction do not endanger the binding being released.
Furthermore, the new binding system contains a security system that ensures that the
crampon is not separated from the boot even if the binding system releases due to any
problem such us a fall. The security system is designed to withstand the same force that
the security system of the current reference crampon consisting in a strap ring bears.
Nevertheless, the binding system is desired to be designed not to release even in
extreme conditions, being the security system a preventive measure as whether a
crampon is lost while climbing a difficult mountain, the life of the user can be
endangered.
Apart from that, the crampons need to have reduced dimensions and weight in
order to provide the possibility to store and carry them in the bag. This is important as
many things have to be carried in the bag apart from the crampons. The less weight it is
carried at the back the lower the effort is necessary to perform. Moreover, when wearing
the crampons, they have to be as light as possible because the boots themselves are
heavy. As a result, the demanded effort for this action has to be as reduced as possible.
It also has to be considered the accumulated fatigue due to the long distances that are
covered and the step walls that are climbed. Additionally, due to the altitudes at which
the alpinists climb, the physical efficiency is decreased because the maximum oxygen
consumption is diminished, as the absorbed oxygen that is transferred to the muscles
and these consume per minute is lower. Up from an altitude of 1500 m the oxygen
consumption starts decreasing; in an altitude between 3000 − 4000 m, the
consumption is lessened in 15 − 20% compared to sea altitude and it might reach a
diminished of 80% in altitudes higher than 8000 m (Melendo, J., N. Arbonés, L.
Cancer, P. Maza and F. Lampre, 2002). Consequently, even more emphasis has to be
focused on the importance of reducing the weight.
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The crampons have to be composed of high quality materials, as they are used in
extreme conditions: they are hammered against hard ice and rocks repetitively and they
are exposed to very cold temperatures. The lowest temperature ever recorded on the
Everest summit decreases to -57 ºC (Borgenicht, D. and T. Popp, 2007). Even though it
is impossible to climb a mountain with this temperature, the crampons have to be
designed to withstand extremely low temperatures in order a rescue is necessary to
perform. They even have to bear the impact of stopping after a fall of several meters.
Consequently, an accurate evaluation has to be performed when selecting the materials
and the manufacturing process in order to create a high quality product that is
economical at the same time.
In addition, the product developed has to be suitable for all the population, in
order to ensure the equality of every human being to use this device. Hence, the
crampon has to be adaptable for every boot aimed for the step-in crampons available in
the market. With that purpose, it is established that the crampons design has to provide
the possibility to regulate the height of the groove of all these boots.
Besides, the sustainability of the improvement is necessary to be ensured.
Currently, there is no similar device in the market that involves the reliability and the
comfort that this product provides. Moreover, more people are attracted to the challenge
of achieving a peak every day, a habit that is evaluated to keep increasing in the future.
It is therefore possible to state that a large response is expected in the market concerning
the new design of the binding system. Furthermore, after accomplishing an analysis of
the history of the crampons, it is concluded that the evolution of the improvements is
always conducted in the same direction, and this tendency is expected to be continued.
On one hand, the framework and the prongs are always desired to be improved
concerning the quality, as well as making them lighter and more economical; however,
they always keep having the same structure. On the other hand, the analysis shows that
the conducted developments are always focused on the refinement of the attachment
process. Nevertheless, it is estimated that the design of the boot involving the front-part
and rear-part grooves are the optimum attachment placements, and there is no
expectation for the groove locations being changed. Even if the height or the shape of
the stated grooves changes, the designed binding system provides the opportunity of
regulating the height of the binding; thus, it is possible to confirm that the design is
totally adaptable to future changes.
Finally, the environmental issues have to be taken into account. As much as
possible, the materials used for the crampons have to be recycled materials or at least
the extracting of them cannot damage the environment. Apart from that, the different
parts of the binding system have to fulfil the requirement of being easy to separate from
each other in order to facilitate the recycling of the components. Due to the raising
awareness that the society is experiencing concerning the environmental issues, it is
possible to ensure that the created device fulfils the required specifications in order to be
a sustainable product in the future.
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1.6.

METHOD

Some specific methods are used in order to develop the project. To create the new
design of the binding system, a specific method discussion is implemented: the FiveStep Method (Ulrich & Eppinger, 2008). This method is very suitable for making
choices in the process of the designing of the binding system.
The method consists in dividing the main problem into simpler problems.
Subsequently, searching for information externally and applying the own criteria of the
group solution concepts are identified for these sub problems. Consequently, concept
combination tables and classification trees are accomplished in order to search
systematically the space of the solution concepts; hence, the identified solutions to the
sub problems are integrated into a general solution. The method is usually applicable to
the global concept of a new product. However, it is also logically applicable for a
development process of a product. It is useful for subsystems concepts as well as for
specific components.
Otherwise, to verify that the design bears the conditions and loadings at which it
is exposed, apart from an exhaustive analytical analysis, the Finite Element Method is
implemented. This method is commonly used in order to perform a strength analysis,
and it consists in a numerical method. The design is divided into lot of differential
elements and boundary conditions are determined. Hence, using the Creo
Elements/PRO software, the differential equations are solved and the results show the
areas of the design suffering from most stress.
Nevertheless, in order to determine the materials used in the components of the
crampons and to establish the manufacturing processes to create these components, the
Value Engineering Method (Cross, 2000: 164-172) is implemented. It consists of listing
the different components of the product and determining the functions that each one
performs independently of the others. The identified functions are then analysed in
order to evaluate the relevance of each function.

1.7.

LIMITATIONS

Due to the lack of time and after concluding that the front-part binding system of the
step-in crampon is already simple and reliable, the rear-part binding system of the stepin crampon is only improved. All the manufacturing and assembling processes are
conceptually determined; however, the product is not physically built.
Apart from that, it is decided that the boot is not modified. As a result, the
design of the new binding system for the step-in crampon has to be adapted to the
already available boot for this crampon in the market.
The design has to be totally secure; hence, the crampon must never release. This
might be a problem whether an unusual movement is done or whether a fall occurs, as
the user can get injured. Nevertheless, taking into account the altitude and difficulties of
the land at which the crampons are used, if one crampon releases the life of the user is
endangered. Therefore, the users life is estimated as more important than damaging the
ankle or the knee, even if this might lead to a serious injure.
9

Design, Verification and Manufacturing of a New Binding System for Crampons

2. LITERATURE REVIEW
The Five-Step Method is being implemented with the purpose of designing the rear-part
of the step-in crampon. Once that a clear definition and a global understanding of the
problem is achieved, an exhaustive analysis of the market is necessary to be
accomplished in order to search for information about the problem.

2.1.

TYPE OF CRAMPONS

A benchmarking process is implemented to realise what type of crampons are available
in the market. As stated in section 1, crampons are the devices that are fastened to the
mountaineering boots in order to gain traction and stability on surfaces such as snow or
ice. A wide variety of crampons can be found in the market when looking for different
types, but they can be differentiated looking at the binding they use or the prong types
they have.
Regarding the prongs, they can be differentiated in several groups due to the
prongs number and the shape of these front prongs (Der Einsame Wolf, 2009). On one
hand, the quantity of prongs that a crampon has determines its use. The crampons that
have 10 prongs are generally used in not very demanding trekking. The ones provided
by 12 prongs are focused for assorted levels of alpinism, and the crampons that have 1112 or 8-9 prongs are used in ice climbing and dry tooling. This last modality combines
climbing in a wall with rock and ice parts, where the moorings are fixed only to the
rock.
On the other hand, regarding the different shape of the front prongs, they can be
differed in three groups (see figure 5).

Figure 5: From left to right: planar, vertical and T prongs crampons (Der Einsame Wolf, 2009)

The prong type at the left part of figure 5 is the planar one. The crampons that
have this kind of prong are very polyvalent and can be used in any kind of area,
although when crossing a hard ice stretch can be difficult and unsecure to hammer them.
The prong type at the middle of figure 5 is the vertical one. These crampons are used to
climb on ice or do dry tooling due to the shape of the prongs, as it allows the prong to
be easily introduced in ice or in a cleft in the rock. The prong type at the right part of
figure 5 is the combination of the previous two, which is called T prongs. This type of
crampon is orientated to be used when both soft snow and icy slopes are combined
when climbing a mountain (Der Einsame Wolf, 2009).
With respect to the materials that are used in the prongs and framework of the
crampons, three different materials are mostly used: steel, stainless-steel and aluminium
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(REI, 2012). The crampons made by steel are very good for general mountaineering.
They are the best for technical, steep and icy terrains due to their durability and
strength. Stainless-steel crampons have the same characteristics as the steel ones, but
they offer resistance against the corrosion of the water. Aluminium crampons are
generally used in ski mountaineering, due to their low weight. However, they will wear
out much faster than the steel ones when using them in rocky terrains.
About the bindings used in the crampons, they can be divided into three
different groups. The first type of binding is the strap-on binding (see figure 6).

Figure 6: Strap-on crampon (Der Einsame Wolf, 2009) and ordinary boot without any groove (Caltech Alpine
Club)

This type of binding can be used for almost any type of boot or shoe;
furthermore, they provide a good fitting when they are used in not very demanding
terrains. Although they can be fit tightly enough, the can also let a small movement
between the boot and the crampon. This movement is not desired as it can lead to
performing a bad step.
The second type is the hybrid or semi-automatic binding (see figure 7).
Heel lever
Toe strap

Figure 7: Hybrid crampon (Der Einsame Wolf, 2009) and hybrid boot with a groove in the rear part (Caltech
Alpine Club)

This crampon has a heel lever and toe strap, as shown at the left part of figure 7.
As shown at the right part of figure 7, the boot that is worn to use these crampons has to
have a groove at the rear part to introduce the edge of the heel lever in the groove.
Otherwise, the toe strap does not need a groove; it requires the same fitting as in the
strap-on crampons. This crampon is easier to fasten than the strap-on one, and it gives a
great fitting between the boot and the crampon. It can be used almost in any mountain
terrain.
The third type is the step-in or automatic binding crampon (see figure 8).
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Heel lever
Metal wire

Figure 8: Step-in crampon (Der Einsame Wolf, 2009) and a step-in boot with a groove in the rear and front
parts (Caltech Alpine Club)

This binding holds the toe using a metal wire, while the heel is hold by a heel
lever, as shown at the left part of figure 8. A boot with a rigid sole and with grooves
both in the rear and the front part is necessary to use this type of crampon. Moreover, it
provides the most secure fitting compared to other types; as the crampon is fully
attached to the grooves of the boot not only in the rear part but also in the front part, it
can be used in any kind of terrain (Der Einsame Wolf, 2009). This crampon is selected
as the reference crampon in the project.
Currently, in collaboration with a boot manufacturing company (Scarpa), a
company that manufactures crampons (Grivel) is developing a crampon that has a new
binding system in the front part that is similar to a hook, in order to use them with a
special boot that has a slot in the sole which fits in that hook. This new developed
crampon has been called GSb (Grivel Scarpa binding) (see figure 9).

GSb attaching
Figure 9: GSb crampon (Der Einsame Wolf, 2009)

Another interesting detail about the crampons is the anti-balling or anti-boot
plate (see figure 10).

Figure 10: Anti-balling plates (Caltech Alpine Club)

These plates have a smooth and hydrophobic bottom part and are generally
made in plastic or rubber. The anti-boots are attached to the bottom of the crampon.
They are designed in order to prevent the snow from clumping under the crampon. This
clumping of the snow is known as “balling up” and it can be very dangerous if the snow
gets attached to the bottom of the crampon: if the accumulated snow reaches the ground,
the prongs cannot work, so traction is lost (Caltech Alpine Club).
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2.2.

BINDING SYSTEMS

In order to design the new binding system for the step-in crampon, information about
different binding systems that can be suitable for the problem is searched performing a
market analysis. Currently, there are lots of types of binding systems available in the
market. Nevertheless, it is decided to synthesise the binding systems searching with the
purpose of reducing the results to the most suitable cases. Therefore, it is considered to
search only for binding systems composed of an automatic mechanism that allows a
fully attachment between two bodies without using hands, or just with a simple
movement of the hands instead.
One automatic binding mechanism is the ski binding system, where the
attachment is accomplished when the boot press the binding system. To unfasten it a
lever is pressed with the ski pole and the boot is then free.
In downhill-skiing, the binding system is totally fixed to the ski (see figure 11).

Toe piece

Heel piece

Figure 11: Downhill skiing binding system fixed to the boot (Ask Lubo)

The binding consists of a heel and toe piece, as shown in figure 11. If the skier
has a fall while using them, the toe piece may release sideways and upwards, while the
heel piece may release upwardly or multi-directionally (REI, 2012).
There is a special binding system for free-ride skiing, where the binding system
is not totally fixed into the ski, as the heel piece stands over two bars (see figure 12).
Heel piece
Heel piece rotation

>
Figure 12: Rossignol FKS binding system for free-ride skiing (Gear Powdermag)

Therefore, when fastening the boot the heel piece is positioned parallel to the
rear part of the boot, as it can be observed in figure 13. Besides, the heel piece rotates
under the heel to control the release. The most reliable release available, a more natural
ski flexion and a greater snow feel are provided by this binding system (Gear
Powdermag).
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In cross-country skiing, the attachment between the boot and the ski is very
simple. Most of the companies use the SNS system, which has two different types of
bindings. The single axis (Propulse and Profil) has one connection point between the
boot and the binding system, consisting in a metal axis on the soul of the boot fixed in a
slot at the binding system (see figure 13).

Connection point

Figure 13: Single axis cross-country skiing binding system (Nordic Skater)

Otherwise, the double axis (Pilot) has two connection points: apart from
introducing the metal axis in the binding system, another metal axis is connected to the
binding with a bar, which helps in the sliding action (Nordic Ski Source).
There is another ski modality that combines cross-country, downhill and
Telemark skiing with mountaineering: ski mountaineering (see figure 14).
3 position heel piece
Toe piece

Figure 14: Ski mountaineering binding system with 3 different positions (Epic Ski, 2009)

This modality spans to ascend a mountain searching both for its summit and
virgin powder and then to descend the mountain as in downhill skiing. Therefore, this
binding system has three different positions that are established by moving the heel
piece. Two of them are for ascending; one for not very inclined slopes and the other one
for steeper slopes. In both cases, only the toe piece is attached to the boot. The third
position is used when descending the mountain; as it is shown in figure 14, in this
position the boot is totally fixed to both the toe and the heel pieces of the ski by the
binding system (Ski Touring, 2009).
Another automatic binding system consists in the mechanism used for attaching
the boot to the bicycle’s pedal: clipless pedals, where with a movement of the foot the
soul of the boot attaches to the pedal due to the special design (see figure 15).
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One-sided binding

Figure 15: Binding system of the boot to the pedal of a bike: clipless pedal (Bike Shimano)

There are two main types of clipless pedals: one is for mountain bikes (MTB)
being usually double-sided as they have a binding on both sides. The other one is for
road bikes, which are typically one-sided as they have just one binding, as it can be
observed in figure 15 (Cell Bikes, 2009).
Another example of an automatic binding system is the mechanism of a door
(see figure 16).

Figure 16: Door mechanism (ByTrade)

As shown in figure 16, when the door is pulled, the force is transferred to a
metal triangle component which is connected to a spring; thus, the spring compresses
and the door moves if the load of the spring is exceeded. Therefore, when a force is
applied to the door, it is transferred to the mechanism making it activate. As a result, the
door moves following the stroke of the triangle side till it exceeds it. At this point, as no
force is applied to the mechanism of the door, the spring decompresses and the
mechanism returns to the position in the beginning due to the force of the spring,
locking the door.

2.3.

KNEE AND ANKLE MOVEMENT LIMITATIONS

Due to the anatomy of the human being, the movements that can be performed are
limited. In this case, leg and foot movements are limited by the anatomy of the knee and
the ankle. Consequently, these movement limitations are analysed in order to evaluate
when they might occur when climbing with crampons.
As regards to the knee, it provides the possibility of movement in the three
planes of the space: sagittal, coronal and axial planes (see figure 17).
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Figure 17: Body planes (Spineuniverse, 2010)

The main degree of freedom occurs in the sagittal plane, which permits to
regulate the distance between the body and the ground by flexion and extension, and it
is the movement performed when walking (see figure 18).

Figure 18: Movement limitations of the knee in the sagittal plane (Girard, L., 2008)

If the individual is standing up, the knee can reach an angle of 120º in flexion
from its natural position, as shown in part A of figure 18. Moreover, it can achieve an
angle of 140º if the individual has its hip in extension, as it is observed in part B of
figure 18. In addition, if the individual is in a passive position leaning the knee on the
ground, the angle of flexion can reach up to 160º, as shown in part C of figure 18.
Otherwise, the hyperextension of the knee achieves an angle of 15º from its natural
position standing up.
On the other hand, as regards to the movement limitations in the axial plane,
both the knee and the ankle act at the same time, with the ankle providing the largest
range of this movement (see figure 19).
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Figure 19: Movement limitations of the knee-ankle in the axial plane (Girard, L., 2008)

The movement limitation on the axial plane depends on the flexion or extension
of the knee on the sagittal plane. However, in a limited position where the individual
has the knee in flexion in the sagittal plane, the foot can be bent inwardly around 30º in
the axial plane, as it can be observed at the left part of figure 19. On the other hand, it
can be bent outwardly around 40º, as shown at the right part of figure 19 (Girard, L.,
2008).
When climbing a mountain more movements than the ones mentioned above
might occur; however, it is concluded that ankle and knee are the most significant body
parts acting in foot and leg movements.

2.4.

STEPS TO BE COVERED FOR THE ATTACHMENT PROCESS
OF THE CRAMPONS

When attaching the step-in crampon (see figure 8) to the boot, six different steps have to
be performed (Grivel Courmayeur, 2011) to fasten the reference crampon (Grivel, n.d.).
Once the crampon is located and opened on the ground and the boot is placed on it, the
first step consists in taking the front metal wire of the crampon and introducing it in the
frontal groove of the boot. Secondly, the rear part of the binding system of the crampon
has to be introduced in the heel groove of the boot, by applying a force upwards on the
external part of the binding. At this point, the crampon is already attached to the boot,
but to ensure this fastening the security strap has to be tied. As a result, the third step is
to pass the strap through the inner part of the front ring. The fourth step is to continue
passing the strap through the two rings that are located in the rear left part of the
crampon. When this is done, in the fifth step the strap has to be turned back and passed
again only through the first ring that have been just passed, the one containing the black
ribbon, but in the opposite direction. In order to pass the strap through the rings, it is
necessary to remove the gloves. Finally, the last step is to turn this black ribbon down in
order to ensure the security strap.
On the other hand, in order to unfasten the crampon five different steps have to
be covered, undoing the steps that were accomplished to fasten the crampon. First, the
black ribbon has to be turned up to release the security system. Then, the strap has to be
released pulling it back first in order to make it passes back through the last ring in one
direction and then through the lasting three rings in the other direction. The rear part
binding is released by applying a force backward, and finally, the front metal wire of the
crampon is taken out from the groove in the boot.
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3. IMPLEMENTATION
To achieve the main aim that is set, firstly, the design of the improvement of the new
binding system for the step-in crampon is necessary to be accomplished. Once the
design is created, it is possible to determine the materials that each component is
composed of and how these components are manufactured. When the properties of the
materials are established, a strength analysis is performed: first an analytical analysis is
implemented and then the Finite Element Method is applied to the design to assure that
it will withstand the extreme conditions. Finally, the cost of the product is estimated.

3.1.

DESIGN

To create the best design of the binding system, concept designs are developed based on
the Five-Step methodology. The concepts are evaluated and the best solution concept is
determined. Then, a 3D model is performed based on this solution, developing and
improving the fragments of the concept. Finally, the new steps to be covered the
attachment process is described.
3.1.1. CONCEPT DESIGN
The Five-Step Method is estimated to be extremely suitable for the case, as it states the
process of creating concept designs taking into account every aspect around the design.
It consists in dividing the problem into different fragments and finding specific solution
to these fragments. Solutions of each fragments of the problem are combined when
possible concerning the functionality and adequateness; as a result, many general
solution concepts are created. These solution concepts are deeply evaluated and
exhaustively analysed, obtaining the best solution concept.
Based on the Five-Step Method, an analysis of the problem is searched
internally based on the team members’ creativity and knowledge. As a result, it is
observed that the crampons suffer very low temperatures when they are used in high
altitudes, down to -57 ºC as mentioned in section 1.5. Hence, it is concluded that the
designed mechanism must not contain any electronic or electric component, as they
might be damaged due to the temperature. Moreover, any hydraulic system is also
dismissed as it might get frozen.
The next step of the method consists in exploring the problem systematically in
order to implement the design. The problem is divided into different concept fragments,
and specific solutions are created for each of these fragments (see table 1).
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CONCEPT
FRAGMENTS

SPECIFIC
SOLUTIONS
FOR EACH
FRAGMENTS

Binding
system
location and
working
method
Totally
attached to
the
framework
Free moving
with respect
to the
framework
Incorporated
in the
surface of
the
framework

Attaching
placement
to the
boot
Rear part
groove of
the boot
Rear
lateral and
down
sides of
the boot

Energy
accumulation

Spring

Pneumatic
cylinder

Binding
parts
moving in
the
attachment
Some parts
of the
binding

The whole
binding

Ankle part
of the
boot

Movement
to perform
the
attachment
process

Security
system

Foot

Clip

Foot and
hand

Lock

Foot and
extension
of the hand

Strap
ring

Table 1: Concept fragments and their specific solution

The concept fragments are determined as how the binding will work, where the
binding will be attached, why the binding system will move, which components of the
binding will move, how the binding system will be made to move and the security
system that the binding will include, as shown in table 1.
As regards to how the binding will work, it is proposed that the binding system
location and the working method of the binding are totally attached to the framework of
the crampon, that it moves freely with respect to the framework of the crampon, or that
it is incorporated to the framework’s surface of the crampon, as it can be observed in
table 6. When defining where the binding is attached to the boot, it is determined that
the attachment is placed in the rear-part groove of the boot, in the rear lateral and down
sides of the boot or in the ankle-part of the boot. To accumulate the energy in order to
transmit the force, a spring or a pneumatic cylinder are proposed. As regards to which
components of the binding move in order to perform the attachment process, it is
concluded that some parts of the binding or the whole binding move. When defining
what it is used to move the binding so the crampon gets attached to the boot, it is
proposed that the attachment process is performed by a movement of the foot, by a
movement of the foot and the hand or by a movement of the foot and an extension of
the hand, as it can be the ice axe used when climbing. Finally, three different types of
security systems that the binding includes are: a clip, a lock or a strap ring, the security
system that the already existing crampons include.
A reflection on the problem is performed throughout the process, and it is
observed that some of the specific solutions that are proposed are not suitable solutions
for the fragments of the problem. Additionally, if a specific solution of a fragment is not
feasible compared to other fragment solutions, this specific solution is also dismissed.
As regards to the binding system location and the working method, it is
observed that the idea of incorporating the binding in the framework’s surface trying to
adapt the clipless pedals of a bike to the binding of the crampon must be dismissed. This
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attachment would not be secure as it is unfastened with a specific movement of the foot,
which might be performed accidentally while climbing the mountain. As a result, the
idea of only moving the foot to perform the attachment process is also dismissed, as this
specific solution to the fragment would only work whether the binding was incorporated
in the surface of the framework.
Furthermore, the different attaching placements to the boot are evaluated, and it
is concluded that if the contact to the boot is located in the rear lateral and down sides of
the boot or in the ankle-part of the boot the binding will be less reliable compared to
locating it in the rear part groove of the boot. The boot already includes the groove
where the binding can be affixed, and there is almost no probability of the binding being
released accidentally. Otherwise, if the attaching is placed in another part of the boot,
there always exists the risk of releasing.
Finally, when analysing the security systems it is estimated that using a locker is
unnecessary compared to the other proposed security systems, as this would mean
including more components only for security purposes, increasing the weight of the
crampons. Besides, using strap rings would not improve the security system, as it is
what current crampons include, as well as being more complicated and time lasting to
fasten it compared to a clip; thus, both of them are dismissed.
A Concept Combination Table is then implemented to consider selectively the
combinations of fragments and to provide a way of evaluating the combinations
systematically. Nevertheless, combining the specific solutions of the fragments does not
lead spontaneously to the ideal solution of the general problem. It is necessary to
accomplish a refinement of the combination of fragments in order to reach an integrated
solution.
As a result, an analysis of the fragments is performed: while some of the
fragments are independent from others, such as the security system, the movement to
perform the attachment process or the energy accumulation, some other fragments have
to be evaluated in combination with the solution to other sub problems. Therefore, if the
binding system location and working method are totally attached to the framework of
the crampons, only some parts of the binding will move in the attachment process. This
occurs because the framework must not move during the process. On the other hand, if
the binding has free moving with respect to the framework, the whole binding will
move in the attachment process.
Many different general solution concepts are created when solutions of each
fragment of the problem are combined (see table 2).
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CONCEPT
Reference
crampon

1

2

3

4

5

6

7

8

SPECIFIC SOLUTIONS TO THE FRAGMENTS
Totally
Rear part
Internal
Some
Hand
attached to
groove of energy due to parts of
without
the
the boot
steel binding
the
gloves
framework
binding
Totally
Rear part
Some
Foot and
attached to
groove of
Spring
parts of
hand
the
the boot
the
framework
binding
Totally
Rear part
Some
Foot and
attached to
groove of
Spring
parts of
extension
the
the boot
the
of the hand
framework
binding
Totally
Rear part
Pneumatic
Some
attached to
groove of
cylinder
parts of
Foot and
the
the boot
the
hand
framework
binding
Totally
Rear part
Some
Foot and
attached to
groove of
Pneumatic
parts of
extension
the
the boot
cylinder
the
of the hand
framework
binding
Foot and
Free moving Rear part
The
with respect groove of
Spring
whole
hand
to the
the boot
binding
framework
Free moving Rear part
The
Foot and
with respect groove of
Spring
whole
extension
to the
the boot
binding of the hand
framework
Pneumatic
The
Foot and
Free moving Rear part
with respect groove of
cylinder
whole
hand
to the
the boot
binding
framework
Free moving Rear part
Pneumatic
The
Foot and
with respect groove of
cylinder
whole
extension
to the
the boot
binding of the hand
framework

Strap
ring

Clip

Clip

Clip

Clip

Clip

Clip

Clip

Clip

Table 2: Concept Combination Table

As it can be observed in table 2, the solutions to the fragments for the reference
step-in crampon are also included in order to compare this crampon with the created
concepts.
A Concept Screening is then implemented based on the method developed by
Stuart Pugh and also called Pugh Concept Selection (see table 3).
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Selection criteria

Reference
crampon
0

1

2

3

4

5

6

7

8

+

+

+

+

+

+

+

+

Fast to fasten and unfasten

0

+

+

+

+

+

+

+

+

Secure

0

0

0

0

0

0

0

0

0

Light

0

-

-

-

-

0

0

0

0

Economical

0

0

0

-

-

0

0

-

-

Reduced dimensions

0

-

-

-

-

0

0

0

0

Ergonomic

0

-

0

-

0

0

+

0

+

Sum +

0

2

2

2

2

2

3

2

3

Sum 0

7

2

3

1

2

5

4

4

3

Sum -

0

3

2

4

3

0

0

1

1

Score

0

-1

0

-2

-1

2

3

1

2

Rank

4

5

4

6

5

2

1

3

2

Yes

Yes

Simple to fasten and unfasten

Continue?

Yes

Table 3: Concept Screening

This method provides the possibility of evaluating the created concept solutions
between them and reducing the number of concepts. The method consists in defining a
number of selection criteria which the concepts are evaluated with. The reference
crampon is taken as the initial model to compare the created concepts with it. If
according to the selection criteria that is being analysed the concept is improved, a
“plus” is given, while whether it is worsened, a “minus” is given. If the concept is not
changed with respect to the reference crampon as regards to the selection criteria, a
“zero” is given to it.
For instance, for concept nº 6 that seems to be the best solution as regards to
table 3, the following evaluation is performed: according to the selection criteria of
being easier and faster to fasten and unfasten the crampon and being more ergonomic,
this concept is improved compared to the reference crampon. This is concluded because
the attachment process with this concept is less time consuming and easier, since it is
not required to remove the gloves and the movements to be accomplished are simpler.
In addition, it is also more ergonomic: since the fastening is performed with a
movement of the foot while the unfastening is done with an extension of the hand, there
is no necessity for the user to bend down. Lastly, the security system is fastened only
with one simple movement of the hand. Otherwise, as regards to the selection criteria
about the security, weight, price and dimensions, it is evaluated that this concept is not
changed.
The same process is performed for every concept and a score is established for
each one: the number of worsened selection criteria is subtracted to the number of
improved selection criteria. Consequently, a ranking of concepts is obtained.
The three best concepts are selected in order to analyse them exhaustively and a
Concept Scoring (see table 4) is implemented to choose the best solution.
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Concept number
Weight and scoring

Selection
criteria

Total score
Rank
Continue?

Simple to
fasten and
unfasten
Fast to
fasten and
unfasten
Secure
Light
Economical
Reduced
dimensions
Ergonomic

Weight
(%)

5
Rating Weighted
score

6
Rating Weighted
score

8
Rating Weighted
score

20

4

0,8

5

1

5

1

20

4

0,8

5

1

5

1

16
11
12

3
4
3

0,48
0,44
0,36

3
4
3

0,48
0,44
0,36

1
1
1

0,16
0,11
0,12

10
11

3
3

0,3
0,33

3
4

0,3
0,44

3
4

0,3
0,44

3,51
2

4,02
1
Yes

3,13
3

Table 4: Concept Scoring

As shown in table 4, a weight is established for each selection criteria depending
on their importance. Each concept is then rated for each selection criteria from 1 to 5
considering the other concepts and also the reference crampon. Moreover, this rating is
reflected in a number taking into account the weight of each selection criteria. When the
sum of these numbers is calculated, a ranking of the concepts is obtained.
As the main objective of the thesis consists in improving the binding of the
crampon in order for the process of attachment to be simpler and faster, most
importance is given to the first two selection criteria. As a result, it is established that
each of these criteria has a fifth part weight of all the selection criteria relevance.
Security is also a substantial factor when talking about crampons: since if they are
released, the life of the user can be endangered; hence, a weight of 16% of all the
selection criteria is determined for the security criterion. Even if the weight, price, size
and ergonomics of the designed crampon are also significant, as the main aim is not
focused on these factors, a weight of about the tenth part of all the selection criteria
relevance is given to these criteria. Precisely, 1% unit higher importance is given to the
fact of being economical and 1% unit less importance to the fact of having reduced
dimensions, as it can be observed in table 9.
Concerning the rating, as concept 6 and 8 imply performing the unfastening
process with an extension of the hand, 5 points are given to being simple and fast, while
concept 5 implies performing the unfastening with the hand, so 4 points are given for
these criteria, being the three concepts better than the reference crampon regarding these
criteria.
Concept 8 is rated with 1 point concerning the security as the pneumatic cylinder
is considered to be less secure than the spring implied in concept 5 and 6, which are
rated with 3 points, as these last concepts are considered to be as secure as the reference
crampon. Using a pneumatic cylinder requires maintenance; if it is not lubricated when
necessary the cylinder might be damaged and stop working. This will lead to
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catastrophic consequences if it occurs when trying to descend the mountain.
Conversely, a spring has a longer life with no need of maintenance.
As regards to the weight, concept 5 and 6 are rated with 4 points while concept 8
is given 1, as using a pneumatic cylinder implies including different metal components
which are heavy, while a spring is only one component which is not heavy even if it is
composed of metal.
In the same way, as a pneumatic cylinder is more expensive than a spring, 3
points are given to concept 5 and 6 while 1 point is given to concept 8 concerning the
price criterion.
Furthermore, the dimensions of the three concepts are the same, either compared
between them or compared to the reference crampon; hence, 3 points are given to the
three of them concerning the criterion of having reduced dimensions.
Finally, as regards to the ergonomics, concept 6 and 8 are given 4 points while
concept 5 is given 3, as even if all the concepts are ergonomic, concept 5 requires
bending down in order to unfasten the crampon with the hand. With concept 6 and 8 the
unfastening is performed with an extension of the hand instead, requiring a less bending
of the user.
As it can be observed in table 4, the determined weight is applied for each of the
scoring and the results are summed. As a result, a ranking of the concepts is obtained:
concept number 6 has the highest scoring achieving a 12.5% higher scoring than the
second concept (see figure 20).

Figure 20: Concept design of the binding system

As a result, it is concluded to dismiss the other two concepts and to continue
developing the concept number 6. The solution concept that is achieved consists in the
action of a spring. As shown in figure 20, the fastening process is activated by pressing
the binding with a boot. The whole binding moves during the attachment process,
having free moving with respect to the framework of the crampon. The binding is
attached at the rear-part groove of the boot. A security system consisting in a clip
ensures that the binding system is not released while climbing. In order to unfasten the
crampon, an extension of the hand is used to release the binding.
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3.1.2. 3D MODEL
The best solution concept that is obtained is then modeled using the Creo
Elements/PRO software. It is decided not to change the framework of
o the crampons;
thus, the metal framework is created based on the already existing step-in
step crampon for
highly demanding activities.
activities Furthermore, as stated in section 2.1,, the front-part
front
binding
system consisting in a metal wire that is inserted in the front
front groove of the boot is not
changed either.
Ass a result, the design is focused on creating a new mechanism of
o the rear-part
binding system. As the framework of the crampon is manufactured with laser-cutting
laser
from a 2 mm of thickness steel sheet (Black Diamond
mond Equipment, 2013),
2013) it is necessary
to take into account the restrictions that this parameter entails when designing the rearrear
part binding.
The binding is designed in order to be as simple and economical as possible (see
figure 21).
Binding system
Supporting bars

Figure 21: 3D model of the new crampon

Therefore, it is focused on trying to diminish the number of components
constituting the binding, introducing commercial elements when suitable. As shown in
figure 21, as the binding is developed to give free movement with respect to the
framework, the whole binding is designed in order to have an independent attachment
mechanism. The binding system is located standing on two supporting bars,
bars which are
attached to the framework of the crampons.
REAR BINDING MECHANISM
To create an independent binding, the mechanism is based on the acting of a LHL 625B
05 spring (Lee
Lee Spring, 2013)
2013 (1), as shown in figure 22.
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Figure 22: Components of the binding

The spring is leant between two components:
components: the slider (2) and the lock (3). All
these components are placed inside a cover (4), as well as the axis (5), which is
introduced both through the cover and the slider. The rear part of the spring is located in
the lock, which is screwed to the cover,
cover, while the front part of the spring is leant in the
slider, which can be freely moved along the cover,
cover as it is observed in figure 22.
2
When
hen the binding is unfastened, the spring is compressed. Consequently, in
i the
front end of the spring, the load is transferred
tr
to the slider, making the slider move
forward perpendicularly to the axis direction.
direction In addition, in the rear end of the spring,
the load acts in the lock, which transfers this load to the
he cover, making the cover move
backward perpendicularly to the axis direction (see figure 23).

Figure 23: Movements caused by the effect of the spring

However, due to the shape of the holes where the axis is introduced through the
slider and the cover, none of the components in the binding
binding system move (see figure
24).

Figure 24:: Stability of the binding in spite of internal forces acting
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The forces of the slider and the cover act in the axis through their holes. At the
specific point where the force of the spring
sp
acts at the surfaces of the holes, these
surfaces are perpendicularly oriented to the direction of the force, as it is shown in
figure 24.. Thus, as the forces of the slider and the cover are directed to the centre of the
axis, the reaction forces are also oriented in this direction, acting on the perpendicular
surfaces. As a result, internal forces act on the system;; nevertheless, the system is
stable.
The cover contains a lever in the front part. In the first position,
position the binding is
horizontally oriented
nted with respect to the framework, with the mentioned lever
strategically located (see figure 25).
Lever

Figure 25: Binding system fastening

When the crampons are required to be fastened, the boot is placed on the
framework of the crampon, pressing the lever with the heel part of the boot,
boot as it can be
observed at the left part of figure 25.
2 Thus, the fastening mechanism of the binding is
implemented; due to the load applied on the lever, the binding performs a turning,
destabilising the system. An
A infinitesimal displacement occurs between the binding and
the axis in the holes. This leads to the reaction force of the axis acting against the
surfaces of the holes not being perpendicular to them anymore, as the surfaces are
perpendicular
lar to the force of the spring direction only when the axis is situated at the
highest point of the holes.
Hence, one component of the reaction force of the axis against the surfaces of
the holes acts in the holes stroke direction. Due to this force,
force the axis moves relatively
to the binding. In reality, it is the hole of the binding which advances with respect to the
axis, and the binding rotates at the same time as shown at the right part of figure 24,
24
until the axis reaches the lowest point of the holes. As this point, the binding
accomplishes a turning of 90º, reaching a vertical position with respect to the
framework of the crampons. The sharp edge at the front of the
the binding is therefore fitted
to the groove situated at the rear part of the boot (see figure
f
8). This edge is designed to
adapt to the shape of the groove (see figure 26).
2
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Figure 26: Binding system at fastened position

Because
ecause of the shape and orientation of the holes as shown in figure 24,
2 while
the binding is rotating, the slider advances forward with respect to the cover,
decompressing thee spring but without reaching its natural position. Consequently, while
the crampons are being used, even if a force is applied upward in the sharp edge due to
performing a step, which would
would lead to turning the binding and releasing it, the applied
force would have to exceed the opposition provoked by the force of the spring,
spring as it is
observed in figure 26.
On the other hand, in order to unfasten the crampon, a force must be applied at
the hole at the rear-part
part of the binding,
binding as shown in figure 27.

Figure 27:: Hole with a specific shape to facilitate the unfastening

This force can be applied with either an ice axe or a walking stick without the
user having to bend down. The force has to be applied in an adequate direction,
direction which is
determined by the shape of the hole, as shown in figure 27.
2
The force applied at the hole at the rear part of the binding has to exceed the
opposition of the spring load. This force makes the binding rotates and
an advances with
respect to the axis. It has to be applied until the
t binding rotates 90º from the vertical
position to the horizontal position at which it was placed at the beginning,
beginning as it can be
observed at the right part of figure 25.
2 At the same time, the binding advances from the
position where the axis is placed at the lowest point of the holes to the highest point of
the holes. At this point, the reaction force to the spring load is again transferred from the
axis to the specific point where the surfaces of the holes are perpendicular,
perpendicular as shown in
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figure 24.. As a result, the binding is stable again and the boot can be removed from the
crampon.
SUPPORTING SYSTEM
The hold binding system is held by two supporting bars
bar (a),, as shown in figure 28.
2

Figure 28: Components of the upper support

These bars are connected to the axis (b) by two axis covers (c), which apart from
joining them they also avoid dirt getting into the binding system through
through the holes of the
cover where the axis is introduced,
introduced as it is observed in figure 28.. The axis is tightly
inserted in the holes of the axis covers; additionally,, an ISO 8752 1x14 pin (d)
(Traceparts, 2013) is inserted through the cover and the axis in order
order to prevent the axis
turning with respect to the cover. On the other hand, the axis covers are screwed to the
supporting bars by a DIN 912 M4x16 screw (e) (Traceparts, 2013).
2013)
The threat of the supporting bar where the stated screw is screwed is 16 mm
long;; hence, the height where the binding is placed can be regulated in case the rear
groove of the boot does not fit with the binding. Consequently, the problem of the boots
having the groove at different height is solved, as they can contain the groove in a range
of 10 mm.
Apart from that, as it can be observed in figure 29,
2 fixing covers
cover (f) are used to
join the supporting bars to the framework of the crampons.
crampons

Figure 29: Components of the lower support
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The end of the supporting bar, which includes a flange (g), is introduced into a
hole (h) in the framework, which has a specific shape, as shown in figure 29. This
specific shape of the hole permits the supporting bar to turn a determined angle, from
the storing position to the attachment position of the binding. The width of the hole of
the framework is restricted by the thickness that the whole framework has: as mentioned
above, the framework is built from a 2 mm steel sheet, being 2 mm the maximum width
that the hole can have.
The fixing covers are introduced through the end of the supporting bar and the
hole in the framework tightly. As it can be observed in figure 29, due to their join this
mechanism permits to turn the bars from the attaching position to a position where the
binding can leant on the framework in order to reduce the dimensions when storing the
crampons.
Even if the supporting bars are jointed to the framework tightly by the fixing
covers and to the axis also tightly by the axis covers, the risk of the supporting bars
suffering a displacement outwards the direction of the axis can occur due to the
vibrations and utilization of the crampons. This can occur if the friction between the
mentioned components is exceeded, leading to the disassembling of the binding.
Otherwise, as a pin is introduced through the axis and the axis covers and this last
component is blocked to the supporting bars as it is shown in figure 28, the possible
displacement of the supporting bars outwards the direction of the axis is dismissed,
blocking every axial displacement.
ADDITIONAL COMPONENTS
In order to avoid dirt to penetrate into the mechanism and obstacle the functioning, such
as water that might frozen or dust that can damage the components, caps and seals are
used. As it can be observed in figure 22, both the rear (6) and the front (7) caps, include
an orifice to enable the disassembly. Two V-seals, named V-SEAL-10A (Argensold,
n.d.), are included at the contact place between the axis covers and the cover of the
binding, to make the cover to rotate with respect to the cover axis with no friction
between these components. The function of avoiding dirt to penetrate into the
mechanisms is accomplished at the supporting bars by the fixing covers, as shown in
figure 29.
SECURITY SYSTEM
Even if the binding system is designed in order not to release under any circumstances,
the design includes a security system as whether the crampons are removed from the
boot when climbing, the life of the user can be endangered. As stated in section 3.1.1, it
is estimated that the best solution consists in a clip that can withstand hard pulls.
Nevertheless, when security systems of this king are searched in the market, it is
observed that the Fasty strap is the system that bears the highest forces (see figure 30).
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Strap

Hole in the binding

Buckle

Fastening of the security system

Figure 30: Security system consisting in a Fasty strap

This kind of security system is small and light. It is economical, as well as
practical and simple to use. The chosen Fasty strap stands a load of 400 kg; it is 1 m
long and 25 mm wide. The clip consists in a buckle that is fixed to the strap in one of its
ends. The strap is introduced in the binding through a hole corresponding to the same
width of the strap, as it is shown in figure 30. To fasten the system, the other end of the
strap is introduced through the buckle, and this is closed. This last end is cut into the
required length adapted to the boot with a diagonal shape in order to make the threading
into the buckle extra quick and easy. Moreover, the buckle of the chosen Fasty strap has
a larger opening than other buckles. This makes the threading of the strap into the
buckle even quicker and easier, being a significant advantage when the fastening is
necessary to perform wearing gloves and in tricky situations (The Roof Box Company,
2012). Therefore, the suitability of the security system is proved.
It is essential to tighten the strap adequately around the boot before the buckle is
closed in order to achieve a reliable fastening. Once the buckle is fastened, its design
impedes from releasing, also avoiding the strap to slide out from the buckle.
3.1.3. STEPS FOR THE NEW ATTACHMENT PROCESS
When climbing a mountain, the following process is necessary to be accomplished to
fasten the crampons with the new design of the binding system: the crampons are
extracted from the bag and place on the ground (see figure 31), if possible on a flat
terrain.
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Supporting bars

Rear-part binding system

Front
Front-part
metal wire

Figure 31:: Crampon placed on a flat terrain at the storing position

The supporting bars have to be turned from the storing position to the
attachment
tachment position (see figure 32).

Figure 32: Turning of the supporting bars from the storing position to the attachment position

To perform this, the binding is grabbed leaning the thumb at the edge prepared
for it in order to be easier to maintain the binding horizontally all the time with respect
to the framework. As shown in figure 32, the
the binding is pushed backwardly,
backwardly and the
supporting bars start to rotate.
rotate This occurs until they reach an angle where the rotation is
restricted by the shape of the hole where the ends of these supporting bars are inserted,
as stated in section 3.1.2. At this angle, the binding is adequately placed
placed to fasten it to
the boot (see figure 33).

Figure 33: Fastening movement of the foot

The front part of the boot is placed on the framework, and the metal wire in the
front of the crampon is moved up until it is inserted in the groove at the front part of the
boot. Then, the heel of the boot is moved down and the lever of the rear-part
rear
binding is
pressed, activating the binding mechanism,
mechanism as shown at the left part of figure 33.
33 The
boot is totally placed on the framework of the crampon,
crampon and the rear-part
part binding turns
until the front
nt edge gets in contact with the rear-part
rear
groove of the boot,, as it is observed
in the right part of figure 33.
33. At this point, the boot is already attached to the crampon,
but the security system has to be locked in order to ensure that the crampon does not
n
separate from the boot even if the front-part
front
or rear-part binding releases.
release As shown in
figure 30, the
he end of the strap is introduced through the open buckle and the strap is
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tightened around the boot;; once the strap is tightened, the buckle is closed,
closed finishing
with the fastening process.
On the other hand, the opposite steps are covered in order to unfasten the
crampons: the Fasty strap consisting in the security system is first released. The frontpart metal wire is removed from the front groove until
il the front part of the boot is
possible to remove. Then, using the ice axe or the walking stick, a backwardly directed
force is applied at the top of the rear-part
rear
binding,, making the binding turn down (see
figure 34).

Figure 34:: Unfastening movement of the extension of the hand

As it is observed in figure 34, this
this force is applied until the binding turns 90º and
the spring is totally compressed. The boot can then be separated from the crampon,
crampon as
shown at the right part of figure
fi
34.. The supporting bars are turned by holding the
binding horizontally with the hand as mentioned during the fastening,
fastening, performing the
contrary turning than the one shown in figure 32. A force is pushed frontward and the
binding is maintained in the same
s
position while the bars rotate until the final stroke of
the hole at the framework. Finally, the crampons are necessary to locate in their storing
position (see figure 35).

Figure 35: Storing position of the crampons

When the rear-part
part binding system is placed in the storing position, the two
crampons are assembled together. The prongs of the crampons are placed pointing to
each other and intertwined with each other, requiring less space, as it is observed in
figure 35. The crampons
rampons are finally ready for storing them at their bag.
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3.2.

MATERIALS

The Value Engineering Method is applied in order to select the most suitable materials
for the components of the design. This method consists in listing the independent
component of the product in order to evaluate the function provided by each component
separately. The identified functions are ranked to determine the importance of each
function.
As a result, when selecting the materials for the new design, the essential
characteristics regarding the requirements that the crampons will have to meet are
considered. Ranked them concerning their relevance, the first crucial characteristic is
the extreme environmental conditions as regards to low temperatures that the materials
have to withstand. At very high altitudes, the temperatures can drop down to -57 °C as
stated before, so the materials must not be brittle in low temperatures in order not to
break or damage the crampon or the binding if a fall occurs. The second requirement
that the materials have to fulfil is that they should be as light as possible, as the weight
is a significant factor when climbing since the climbers may become very tired at those
demanding conditions at very high altitudes. The last important characteristic is the
price of the materials; however, less importance is attached to this factor as the safety of
the user has to prevail over the price of the crampons.
Due to a combination of the internal knowledge in the group, the requirements
concerning the extreme conditions, the currently used materials for similar applications
and the lack of time, the search for materials is conducted in two different fields:
polymers and steel. On the one hand, polymers are used for the components that are
identified to have the lowest demands regarding the forces and the stresses they have to
bear; these components are the cover, the slider, the lock, the axis covers and both the
front and rear caps. On the other hand, steel is used for the most critical components:
the axis, the supporting bars and the fixing covers.
Regarding plastics, they easily accomplish the requirement of lightness;
however, they show weakness when they are exposed to low temperatures. Many
polymers become brittle as the temperature decreases; moreover, their failure stress is
also reduced with low temperatures, in spite of having high resistance and high
flexibility to cracking when they are at room temperature (20 °C) (Zeusinc, 2005).
Polymers are in a state called rubbery state when they are exposed to room
temperatures. However, as the temperature starts decreasing, they start to transform; as
a result, they become stiffer. After a transition region, they become glassy, which
means that the polymers turn into very hard and brittle materials. The temperature value
where this transformation between the transition region and the glassy behaviour occurs
is called the glass transition temperature (Tg) (see graph 1).
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Graph 1: State of polymers regarding temperature (Zeusinc, 2005)

Due to this problem in the behaviour of polymers, the selection of the materials
for the crampons has to be accomplished carefully. Therefore, a research is performed
to establish what polymers are the optimum for this application regarding the glass
transition temperature that they have, considering this property of the polymers as the
most important one for the safety aspects of the system (see table 5).
Polymer Family Glass Transition Temperature (°C)
PCTFE

+120 - 215

PTFE

+130

PS

+100

PMMA

+100

PVC

+90

PET

+70

PA

+50

POM

-15

PP

-20

PVDF

-45

PE-LD

-50

PE-HD

-120 to -100

Table 5: The glass transition temperature of different polymers (Zeusinc, 2005)

As stated above, the crampons have to bear low temperatures that can drop
down to -57 °C; consequently, the polymer has to provide a lower glass transition
temperature than that. As shown in table 5, the only polymers that are able to withstand
very low temperatures are PVDF (Polyvinylidene fluoride), Tg = -45 °C, PE-LD (Low
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density Polyethylene), Tg = -50, and PE-HD (High density Polyethylene), Tg = -120 to 100. Nevertheless, even if it would not happen under normal circumstances, if crampons
are needed at extremely low temperatures, PVDF and PE-LD polymers might be
damaged. As a result, PE-HD is evaluated as an adequate polymer for the required
application. However, the rest of the characteristics of the PE-HD have to be analysed to
ensure the suitability of the material.
High Density Polyethylene is a rigid and very tough polymer; the toughness
goes down to -60 °C. Moreover, it has good chemical resistance. Its properties are very
appropriate if a crash occurs when crampons are used (see table 2).
Mechanical and physical properties of the PE-HD
Density

0.944 – 0.965 g/cm3

Yield Tensile Strength

15-30 MPa

Young Modulus

600-1000 MPa

Melting Point

130 °C

Maximum Temperature

80 °C

Minimum Temperature

-100 °C

Table 6: Mechanical and physical properties of the PE-HD (Primo, n.d.)

Apart from that, it is waterproof and has low water absorption; these
characteristics make this plastic suitable for snowy and icy terrains. This polymer is
manufactured with most of the methods available in the market and has a low price
compared to other polymers (Primo, n.d.).
As shown in table 6, the material properties provide a low density and a high
tensile strength compared to other polymers; consequently, High Density Polyethylene
(PE-HD) is selected as the most suitable material for the components where the
demands are lower.
Regarding the steel to be used in highly demanding parts, the steel used in the
reference crampons for the framework is taken as a basis. As stated in section 1.2, the
framework is not changed except for the connection that has to be included for the
supporting bars. As a result, the material used in the framework is the same as in the
current crampons.
The steel used in the reference framework is chromoly steel, namely AISI 4130.
Chromoly steel is stronger than common steel; in addition, it has a high strength-toweight ratio. This high ratio means that although it is very strong, its weight is not so
high compared to other steels that have the same strength. Another important property is
that it can withstand very low temperatures without losing its characteristics; it is
therefore commonly used in aircrafts. This steel shows a good behaviour against
welding and forming, and it is ductile and tough (Welder, J., 2009). Furthermore, it is
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economical concerning the characteristics it provides. All these traits combined with a
high tensile strength make this steel suitable to use in crampons (see table 7).
Mechanical and physical properties of the Chromoly Steel (AISI 4130)
Density

7.85 g/cm3

Ultimate Tensile Strength

670 MPa

Yield Tensile Strength

435 MPa

Young Modulus

205 GPa

Poisson’s Ratio

0.29

Table 7: Mechanical and physical properties of the Chromoly Steel AISI 4130 (ASM, n.d.)

As it can be observed in table 7, the properties of chromoly steel provide a low
density with a high yield and ultimate strength as regards to other steels. As a result, the
chromoly steel AISI 4130 is selected as the most suitable steel for the highly demanding
components.
Nevertheless, even if chromium provides resistance against corrosion, as the
percentage of chromium that it contains is not as high as in stainless steels, it gives less
resistance against corrosion than the stainless ones; thus, it might be damaged by water
corrosion. As a result, it is recommendable to perform exhaustive maintenance in order
to ensure its durability.
As regards to the security system, as stated in section 3.1.2, the chosen system
consist of a buckle and a strap. On one hand, the buckle is composed of steel. The steel
buckles are substantially more suitable than buckles made of other materials for
applications standing high forces, being lighter and stronger. These buckles contain
several environmentally friendly anti-corrosive coatings, which exceed the normalised
anti-corrosion requirements. Besides, the manufacturing of the buckle is automated,
which provides total consistency, as well as the highest of standards (The Roof Box
Company, 2012).
On the other hand, the strap is composed of UV-resistant high tenacity
polypropylene (The Roof Box Company, 2012). Hence, it consists in a robust strap
which has excellent ultraviolet light protection. Additionally, this material provides the
highest impact strength of any other thermoplastic materials. It is almost immune to
water absorption, what makes it highly resistant to rot and mildew. Furthermore, it is
self-lubricating and contains very low moisture (Strapworks.com, 2013).
As a result, it is concluded the suitability of the security system for this
application, as the materials that it contains make the security system adequate for
outdoor applications, ensuring that it withstands the extreme conditions at which it is
exposed to.
As regards to the other commercial elements, it is estimated that they bear the
extreme conditions. As they are purchased, the material that they are composed of is
predetermined. The pin and the spring are made of steel; nevertheless, they have heat
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treatment coatings, so they are prepared for standing extreme conditions. Otherwise, the
seals do not stand any forces; thus, there is no danger of breaking. Besides, the reference
step-in crampon also contains steel made commercial elements, standing the forces they
are suffering for a long time in the same extreme conditions. As a result, the suitability
of the commercial elements is ensured for this application.

3.3.

MANUFACTURING PROCESS

To determine the process to manufacture each component of the design, the Value
Engineering Method is used. The components are divided depending on the materials
they are composed of, and concerning the similarity of their characteristics and shapes.
The function provided by each component determines the accuracy of the finishing that
it requires, while the shape of the components restrict the possibility of the processes to
be used.
Firstly, all the components are separated into groups depending on the material
they are manufactured at or if they are commercial elements in order to establish the
manufacturing processes to create the different parts of the new design (see table 8).
PE-HD
Cover
Slider
Lock
Axis covers
Front cap
Rear cap

AISI 4130
Axis
Supporting bars
Fixing cover

Commercial elements
Spring
Screws
Pins
V-seals

Table 8: Division of the components of the binding and supporting system concerning their materials or being
commercial elements

In order to reduce costs in the manufacturing process, commercial elements are
used when possible in the design, as mentioned in section 3.1.2. The purchasing of
commercial elements is more economical, as they are produced in large quantities and
by companies that are focused on those products. Hence, the savings with the
acquisition of these products instead of producing them are relevant. Apart from
reducing the costs, these elements provide advantages in the design, as their measures
and tolerances are normalised. Moreover, the normalisation of their parameters benefit
in the assembly process.
As described in section 3.2, a wide variety of manufacturing processes exist to
produce PE-HD polymer components. However, due to the shapes and profiles of the
components in the design, it is estimated that the most suitable process is the injection
moulding. This process requires a low operation cost. The same mould is used for
producing lots of components and the loss of scrap during the manufacturing is
insignificant; therefore, the environmental impact of the injection moulding is minor. It
provides high precision tolerances; thus, once the component is removed from the
mould, the necessity for the finishing process is minimal. The disadvantage of the
injection moulding consists in the high price of the tools used during the process
(Quickparts, 2012). Nevertheless, even if the required infrastructure for this process is
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expensive, if many components are manufactured using the same mould, the investment
is rapidly recovered. As a result, it is concluded that the injection moulding is the
optimal process for the manufacturing of the polymer components.
Another substantial aspect of the injection moulding is the wall thicknesses that
it might provide to the components. In the case of PE polymers, the thickness that the
process provides varies from 0.7 mm to 5 mm, which involve the required thicknesses
for the components that form the new design.
Some of the most important parameters when creating pieces using the injection
moulding are the melting temperature, the mould temperature and the injection pressure.
Regarding the melting temperature, PE-HD is heated up to 220 – 260 °C, twice its
natural melting point, which is 130 °C. Moreover, the mould is heated up to a certain
temperature depending on the wall thickness of the component that is created. The
components that are necessary to manufacture for the design have wall thicknesses
below 6 mm; consequently, the temperature of the mould must be heated up until 95 °C.
The injection pressure varies depending on the component that are produced; however,
the pressure varies between 700 − 1050
(China Plastic, 2012).
Regarding the production of the components that are composed of the
choromoly steel AISI 4130, different manufacturing processes are established
depending on the characteristics of the components. On one hand, due to their design,
the axis and the supporting bars are possible to extract from purchased bars mechanising
them. Bars with the same diameter as the required one in the design are available in the
market in order to produce the axis (Longhai Steel, 2011). Therefore, the manufacturing
process that the axis demands consists of cutting the commercial bar to the necessary
length and accomplishing two transversal holes to introduce the pins through it. As well
as the axis, chromoly steel AISI 4130 bars can be found with the desired diameter for
the supporting bars (Longhai Steel, 2011). As a result, in order to obtain the supporting
bars, the purchased bars are required to be cut to the necessary length; the thread where
the screw is inserted is then performed, apart from creating the specific shape at the end
of the bar, which involves the flange.
It is concluded that a metal cutting circular saw is the best option in order to cut
the acquired bars to the required length. Even if the cutting blade enters the material
more smoothly, the cutting time is reduced compared to other saws. Furthermore, it
leaves the materials cooler after the cut; thus, no time is required to wait for the
components to cool before mechanising them. It also provides a cleaner cut than other
processes. (Rodriguez, G., 2013).
In order to perform the stated mechanisation processes to the steel bars to
achieve the final design of the axis and the supporting bar, it is estimated that a CNC
milling machine is the optimum process. It provides the simplest and fastest way to
manufacture this kind of components. This machine can be working 24 hours a day the
whole year, only stopping for maintenance. The design can be simulated without
building a prototype using software, what saves time and money. When the design is
ready, exactly the same product can be manufactured as many times as desired,
obtaining a precise and accurate finishing. Even if CNC machines are more expensive
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than manually operated machines, the operation cost is lowered compared to the manual
ones;; as once they are programmed,
programmed it works by itself (Ryan, V., 2009).
The
he moulding process for
f steels is used to manufacture the fixing cover, as this
process has not restrictions for the size either the shape.
shape Almost any kind of piece
composed of any material can be manufactured; hence, due
due to the reduced dimension
and the complicate shape the fixing
f
cover has, the metal casting is the most
m suitable for
this component. It provides more precise dimensional accuracy than ordinary forged and
welded parts. Moreover, the mass production is feasible, as using several moulds a high
number of components can be manufactured at a time. The wasted scrap during the
casting process can be used as raw material for the next piece, diminishing the
environmental impact; furthermore, the power consumption of the casting process is
lower than the forging process one (Iron Foundry, n.d.). The only inconvenience is the
necessity for finishing the axis part of the fitting cover. As this part is introduced tightly
through the flange of the supporting bar, it has to have a very accurate finishing. As a
result, this part needs
eeds a refinement with the CNC machine. Besides, a heat treatment is
required to provide the fitting covers a refinement of the grain, apart from a higher
strength and ductility (Longhai Steel, 2011).
Furthermore, the materials that are purchased are recycled
recycled materials when
possible,, in order to obtain an environmentally friendly product.

3.4.

ASSEMBLY AND DISASSEMBLY
DI
PROCESS

After all the components of the new design are manufactured, the assembly process is
accomplished.. As the design is created to facilitate the assembly process, the steps to
perform it are simple and fast;
fast; moreover, they do not require any special ability or tool.
tool
The procedure to join the different components of the crampon is divided
divided into
in three
different steps: the first one consists in joining the supporting system. Then, the binding
mechanism is joined,, and finally,
finally both the supporting and the binding systems are
assembled.
A simple procedure is established to perform the connection
on between the
elements of the supporting system, as it can be observed at figure 36.

Figure 36:: Assembly of the supporting system on the framework

The
he flange of the supporting bar is introduced through the hole that the
framework has with this purpose. In order to fix this connection, the fixing cover is
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inserted through the hole of the flange. As a result,
result, the supporting system is assembled,
as shown in figure 36.
On the other hand, the assembly of the binding system is accomplished
ac
performing some simple steps, that start joiningg the cover and the slider (see figure 37).
3

Figure 37: Assembly of the slider and the cover

Figure 37 shows how the slider and the cover are connected.
con ected. The slider is
introduced in the cover from the front aperture. This union and
an their functioning (see
section 3.1.2.) is helped
lped using grease. Lubrita EPBX2 grease is determined to be use for
this purpose, as it is suitable for applications at very low temperature conditions.
conditions This
grease works properly at temperatures which go down to −55 °C (Lubrita, 2012). The
slider is introduced in the cover until it reaches the inner end of the squared shaped hole;
consequently, the upper part of the holes of the cover and the slider are straightened.
When this step is completed, the axis is fixed in one of the axis covers (see figure 38).
3

Figure 38: Assembly of the upper supporting system

As it is observed in figure 38,
3 this operation is accomplished independently from
the cover and the slider. First of all, the axis is introduced in the axis cover, aligning the
wholes which are made to introduce the pins. After that, as it is shown in figure 38,
3 the
pin is inserted through the axis cover and the axis, until it reaches the other part of the
surface of the axis cover. When
Whe the pin is introduced, the v-seal is located in the cavity
that the axis cover has for this purpose.
purpose. The next step is to introduce the axis through
the cover and the slider, as it is shown in figure 39.
3
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Figure 39:: Assembly of the binding system and the axis covers of the supporting system

The axis is introduced through the cover and the slider until the first axis cover
(1) fits with the outer
ter wall of the cover (see figure 39).
3 ). At this moment, the other axis
cover (2), with its corresponding v-seal,
v seal, is located in the other side of the cover,
inserting the axis in it. It is necessary to take into account that the holes for the second
pin of the axis and the axis cover (2) must be aligned, in order to introduce the second
pin through
ugh the holes, as it can be observed in figure 39.
3 . Once the axis covers are
located in the correct position, the whole binding system is located on the supporting
system, as it is shown in figure 40.
40

Figure 40:: Assembly of the binding
binding system and the supporting system

In the position
sition that is shown in figure 40,, the supporting bars are connected with
the axis covers using the screws,
screws and the height
ht of the binding system is regulated
re
and
fixed with the screw at both sides,
sides as the end of the supporting bars are also threaded.
threaded
After this step is performed with an Allen
A
key,, the spring is located in the lock and
introduced
duced in the cover (see figure 41).
41

Figure 41: Assembly of the spring and the lock in the binding
bind
system
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The spring is located in the front hole that the lock has, as it is shown in figure
41. After that, both of them are introduced in the cover. The
Th lock is screwed into the
cover with the help of a screw driver, until the thread of the lock achieves
achie
the limit of
the thread of the cover (see figure 41).
41 With this process, the preload is also applied to
the spring in a simple and effective way. The last step in order to finish the assembly
process is to place the front and the rear caps as it can be observed in figure 42.
42

Figure 42: Assembly of the front and rear caps

The front cap is placed in the front hole that the cover has, in order to avoid dirt
to get into the mechanism. On the other hand, the rear cap, which contains
contai a hole that
facilitates the unfastening process due to the shape of the hole as stated in section 3.1.2,
3.1.2
is located in the rear of the cover,
cover as it is shown in figure 42. Finally, the strap of the
security system is introduced through the cavity in the cover. As the thickness of the
strap is fixed tightly into the hole, there is no risk of the strap being removed from it.
In order to accomplish the disassembly process, the first step is to take out the
front and the rear caps of the binding system (see figure 43).

Figure 43: Detail of the disassembly holes

The holes that can be observed in figure 43 are located in the front and rear caps
of the binding system. The
he disassembly of both caps is obtained with the help of these
holes. After these caps are removed,
removed, the disassembly process is performed following the
steps for the assembly process backwardly.
backward
The design is created in order the assembly process to be accomplished
mechanically.
ally. As a result, after the disassembly,
di
all the
he components only have one
homogeneous material; thus, they can be recycled, reducing the environmental impact.
The only components that are not possible to be recycled directly after the disassembly
are the cover and the slider: the grease has to be cleaned
cleaned and the cover of rubber has to
removed applying the Law of the Lever. Consequently, they
hey are also ready to be reused.
re
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3.5.

STRENGTH ANALYSIS

In order to verify that the designed binding system works adequately concerning the
required characteristics and that it can thoroughly withstand the extreme conditions at
which it is exposed, a strength analysis is accomplished. An analytical analysis is
performed to determine the reliability of the functioning as regards to the mechanism;
the required forces that are necessary to apply for fastening and unfastening the
crampons are calculated and it is ensured that the binding is not released when climbing.
The most critical parts of the components in the binding are analysed analytically to
ensure that they withstand the forces and stresses that they are suffering. The most
demanding component is establihsed; thus, using the Creo Elements/PRO software, the
Finite Element Method is implemented in order to analyse the magnitude of these
stresses. As a result, it is possible to verify if the designed binding can be used in
reality.
3.5.1. ANALYTICAL ANALYSIS
The first step consists in determining the spring to be used. Once this is established, it is
possible to calculate the loads that are acting at the system. Therefore, the system
functioning is verified and the forces to be applied to the system in order the attachment
mechanism to activate are established. Moreover, the critical components of the design
are analysed to evaluate if they can withstand the stresses created on them due to the
forces.
CHARACTERISTICS OF THE SPRING
An estimation of the spring that is possible to be used is accomplished taking into
account the already established characteristics in the design. When the binding is
fastened, the spring has to fulfil the requirement of transferring a certain load, as stated
in section 1.4. Otherwise, the available space for the spring in the created design is
determined, as well as some of the parameters that the spring has to fulfil:
!"#

= 31 mm

%& !"#

= 38 mm

'"() = 17 mm

*+,-./0102 = 300 N

Where !"# is the length of the spring when it is compressed, %& !"# is the length of
the spring when it is decompressed in the position where the binding is fastened and
vertically oriented, '"() is the maximum diameter that the spring can obtain due to the
restriction of the hole where it is placed and *+,-./0102 is the force that the spring has to
transfer when it is decompressed in the position where the binding is fastened and
vertically oriented.

As it can be observed in figure 41, due to the threaded between the cover and the
lock, a preload can be applied to the spring until the desirable load. However, when the
spring is totally compressed, it is not desired to transfer a large force, so the system does
not withstand a great load. As a result, it is estimated that it is preferable a spring with a
great natural length than a large stiffness. Hence, the stiffness of the spring is
approximately established:
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Where 3(##4!)
spring.

3(##4!) ≈ 25 N6mm
is the estimated value that has been determined for the stiffness of the

As it is known, the force transferred by a spring corresponds to the following
expression:
*+ = 3∆
[1]
Where *+ is the force transferred by the spring at a certain position, 3 is the stiffness of
the spring, which is a property of each spring and ∆ is the deformation, the parameter
determining the force that the spring is transferring at that certain position, being:
∆ = : ; − <=
Where ; is the natural length of the spring and < is the actual length of the spring.

[2]

At this case, the deformation of the spring when the binding is fastened can be
obtained for the estimated value of the stiffness of the spring:
[1] → ∆
Where ∆

?(@A&B&%

?(@A&B&%

=

*+,-./0102
C3
= 12 mm
(##4!)

[3]

is the deformation of the spring when the binding is fastened.

Besides, the stroke of the spring is also determined:

Where

@A4!D&

= %& !"# − !"# = 7 mm
is the stroke that the spring performs in the binding’s mechanism.
@A4!D&

[4]

Therefore, it is possible to obtain the maximum deformation that the spring has
to perform:
Where ∆

"()

∆ "() = ∆ ?(@A&B&% + @A4!D& = 17 mm
is the maximum length that the spring can deform.

[5]

The different springs available in the market are analysed. Using the determined
parameters concerning the approximate value of the stiffness matrix and the maximum
length that the spring can deform the spring is chosen. As shown in table 9, it is
concluded that LHL 625B 05 spring from Lee Spring company is the most adequate one
(Lee Spring, 2013).
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COMMERCIAL SPRING
FG

Stiffness of the selected spring

IG J

Natural length of the selected spring

IG KLM

NOPQLMR
NSTIU

25,9 N/mm
50,8 mm

Maximum deformation that the selected spring can stand

31,2 mm
14,5 mm

Maximum diameter that the selected spring obtains
Minimum diameter that the hole where the spring is placed has
to have

15,8 mm

Table 9: Assigned spring

Therefore, it is possible to determine the forces that the spring transfers to the
system:
[1]&[2] → *+WXYZ = 3+ [ + ; −

!"# \

= 513 N

[6]

= 331 N

[7]

Where *+WXYZ is the force that the spring transfers when it is compressed at one side of

the stroke in the binding system.

[1]&[2] → *+20WXYZ = 3+ [ + ; −

%& !"# \

Where *+20WXYZ is the force that the spring transfers when it is decompressed at the other
side of the stroke in the binding system.

Apart from that, once that all the components and their materials are established,
it is possible to calculate the masses of the different components of the crampon:
]^_B%_B` = 50,7 g ]@a##!4A_B` = 21,2 g ]?4("&b!4D = 402,1 g ]@& @c@ = 13,4 g
Where ]^_B%_B` is the total mass of the binding system, ]@a##!4A_B` is the total mass of
the supporting system, ]?4("&b!4D is the total mass of the framework and ]@& @c@ is
the total mass of the security system.
] 4("#!B = ]^_B%_B` + ]@a##!4A_B` + ]?4("&b!4D + ]@&
Where ] 4("#!B is the total mass of the crampon.

@c@

= 487,4 g

[8]

VERIFICATION OF THE ATTACHMENT PROCESS
The forces acting during the attachment process are determined to ensure the
functioning and comprehend the forces that are necessary to apply to make the
mechanism to function for the designed parameters. In order to simplify the analysis, it
is concluded that even if the forces act on a surface, they are analysed as point forces.
As the critical areas as regards to the attachment process consist in the contact surfaces
between the axis, the cover and the slider, these are the analysed components. This
estimation is concluded because the displacement and rotation occurs between these
components. Besides, whereas a friction force occurs between the cover and the slider
when the mechanism is activated, as these contact surfaces are lubricated as stated in
section 3.4, the friction force between these components is neglected. Furthermore, it is
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estimated that the load of the spring is on one end directly transferred to the cover
through the thread at the lock and to the slider on the other end (see figure 44).

Figure 44: The forces of the spring acting at the axis

This forces are simplified as a point force transferred from the slider to the axis
and two point forces transferred from the cover to the axis in the opposite direction; one
at each contact surface between the two components with half the value of the force of
the spring. The forces are placed in the middle of the surfaces, as it can be observed in
figure 44.
First of all, the stability of the binding system before fastening the crampons is
analysed in order to ensure that the mechanism is not activated without pressing the
lever (see figure 45).

Figure 45:: Stability situation of the binding when unfastened: forces acting between the cover and the axis
ax at
the left part and forces acting between the slider and the axis at the right part

The whole binding system acting on the axis is analysed, as it is observed in
figure 45. The two forces of the cover acting at the axis are estimated as one double
force,
ce, as it does not make a difference with respect to the x axis, which is the interesting
axis to be analysed
It is necessary to ensure if the friction force can withstand the moment created
by the weight. Therefore, only the necessary parameters shown inn figure 45 are included
in the situation where the holes of the cover and the slider are aligned in the stability
position when the crampons are fastened (see figure 46).
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Cover (1)

Slider (2)
Figure 46:: Stability situation when fastened at the hole
hol of the binding

As it is observed in figure 46, all the necessary parameters acting at the stated
holes are used to calculate if the required friction coefficient is lower than the static
friction coefficient between the two materials. According to Newton’s
n’s second law, the
sum of the moments at point 0 with respect to the axis is calculated to obtain the
required results:
d i;j > *?e E *?k

fl $ 0

899

Where *?e is the friction force acting between the axis and the cover, *?k is the friction
force acting between the axis and the slider, $ 1,5 mm is the distance between where
the friction forces are applied and point 0,, which corresponds to the radio of the axis
and creates the moment, f
f is the weight of the binding and l< $ 19,1 mm is the
distance between the gravity centre and point 0 at the l axis, the distance producing the
moment.
As it is known, the friction force and the weight correspond to the following
expressions:

*? $ gm
8109
Where g is the friction coefficient corresponding to the contact between the two
materials where the friction force is occurring and m is the normal force that creates the
friction force, which at these cases always corresponds
corresponds to the component of the force of
the spring acting perpendicularly to the surface.
f $ ]n
8119
Where ] is the mass of the body that creates the weight, which in these cases always
corresponds
orresponds to the mass of the binding ]^_B%_B` and n $ 9,8 ]⁄o h is the gravity
acceleration at the earth.
899, 8109&811
9 8119 > :g< E gh =*+WXYZ $ ]^_B%_B` nl<

8129

Where g< is the friction
iction coefficient corresponding to the contact between the cover and
the axis, gh is the friction coefficient corresponding to the contact between the slider
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and the axis, and *+WXYZ is the normal force that creates the friction force at that
t
position.
As the friction coefficient between the cover and the axis and between the slider
and the axis are the same due to the cover and the slider having the same material, the
coefficient are summed as shown in the following expression:
2g $ g< E gh
Where g is the friction coefficient acting in the friction force.

8139

The necessary friction force in order the weight of the binding not to lead to the
fastening mechanism being activated
acti
is therefore obtained:
8129&813
8139 > g+ 4&q $

]^_B%_B` nl<
$ 0,0062
2*+WXYZ

8149

Where g+ 4&q is the required static friction coefficient in order the binding system to be
stable when it is unfastened.

As regards to the fastening process, two different positions are analysed: the
instant when the binding’s lever is pressed and the mechanism is activated in order to
evaluate which force is necessary to apply to the lever with
with the boot, and the position at
which the binding is moving with respect to the axis until the binding is totally fastened.
At the instant when the lever is pressed, the binding changes from a stability
situation to an instability situation at which the momentum created by the friction force
between the cover and the slider against the axis is desired to be exceeded by the
momentum created due to the load of the boot against the lever (see figure 47).

Figure 47: The instant when
n the lever is pressed and the mechanism is activated: forces acting between the
cover and the axis at the left part and forces acting between the slider and the axis at the right part

The force applied with the boot is considered to be applied at the centre
cen of the
lever. Besides, at this case the forces of the cover acting at the axis are also estimated as
one double force, as it does not make a difference with respect to the x axis,
a
which is the
interesting axis to be analysed.
analysed
In order to obtain the minimum
minimum value of the force that is necessary to apply at
the lever to activate the mechanism,
mechanism the necessary parameters shown in figure 47 are
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included in the situation where the holes of the cover and the slider are aligned in the
instability position (see figure 48).
4

Cover (1)

Slider (2)
Figure 48:: Instable situation when the lever is pressed and the mechanism is activated at the hole of the
binding

As it is observed in figure 48, the
the worst situation is considered, being the force
of the spring transferred perpendicularly directed
directed to the surface of the hole. Hence, only
the moment created by the load applied at the lever is making the mechanism activates.
In reality, an infinitesimal displacement occurs when the lever is pressed; hence,
a little angle exists at this instability instant, which makes a component of the force of
the spring to be directed upward the hole. This makes the binding advances with respect
to the axis and collaborates in the activation of the mechanism. As a result, it can be
ensured that the required load that is obtained to be applied at the lever is totally feasible
in reality.
The sum of the moments at point 0 with respect to the axis is calculated to
obtain the required results:
d i;j >
> *?(@ '<

*?e

*?k

fl< $ 0

8159

Where *?(@ is the force applied at the lever with the boot required for activating
activat
the
fastening mechanism and '
'< $ 21 mm is the distance between where the force applied
at the lever and point 0 in the l axis, the distance creating the moment with respect to
this point.
8109, 8119&81599 > *?(@ $

:g< E gh = *+WXYZ E ]^_B%_B` nl<
'<

8169

At this case, as the force applied at the lever to activate the fastening mechanism
has to exceed the friction force, the friction coefficient that is used is 0,,4, the maximum
static friction coefficient between the metal and the plastic (Tribology
(Tribology-abc, n.d.).
Therefore, for any lower static friction coefficient, the mechanism is also activated.
8139&8169 > *?(@ $

2g+Y-j *+WXYZ E ]^_B%_B` nl<
'<

$ 54,2 N

8179
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Where g+Y-j is the maximum static friction coefficient between metal and plastic.
When the binding is advancing and rotating with respect to the axis, it is
necessary to verify if the force that the spring
spring is performing in favour of this movement
can exceed the friction
on force opposing the movement. The necessary parameters are
included in the situation where the holes of the cover and the slider are aligned in the
fastening movement position (see figure 49).

Slider (2)

Cover (1)

Figure 49:: Movement situation when the binding is being fastened at the hole of the binding

As shown in figure 49, even
even if the force of the spring changes while the binding
advances and rotates with respect to the axis as
as the spring decompresses, it is
determined as the lowest one.
one This is concluded because if the lowest force can exceed
the friction force, it is ensured that a larger one also can exceed it. The forces of the
cover acting at the axis are also estimated as one double force at this case. As stated
above, the friction force between the slider and the cover is neglected, as well as the
weight of the binding due to its low value compared to the other forces acting. As the
desired results are obtained by analysing
analysing the forces in the surface direction of the hole,
only the parameters influencing in the axis
a of the surface are introduced..
As it can be observed at figure 49,, the forces acting are totally symmetrical.
Hence, only the left part of the figure is analysed,
analys
as at the right part the same thing
occurs concerning the forces in the s axis.
d *A > *+20WXYZ
d

A

*?e $ 0

8189

Where *+20WXYZ is the tangential component of the force of the spring with respect to
A

the surface when the spring is decompressed.
As it is known, the tangential component is obtained using the angle:
*++20WXYZ $ *+20WXYZ cos r<
*
A

8199

Where r< = 17º is the angle of the surface where
where the spring is applied with respect to
the l axis.
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The friction force is also obtained using the angle, as the normal component of
the spring force is required to be used:
810 > *?e $ g*+20WXYZ sin r<
8109

8209

The friction coefficient is obtained in order the tangential component of the
spring force to exceed the opposing reaction force performed by the friction force:
8189, 8199&820
9 8209 > gv

4_

$

*+20WXYZ cos r<

*+20WXYZ sin r<

$ 0,577

8219

Where gv 4_ is the critical dynamic friction coefficient in order the friction force to
avoid the movement.
Furthermore, it is necessary to ensure that once the
the binding is fastened, the
crampons are not released when using them. A force is applied upwardly in the edge
inserted at the groove every time a step is performed, leading to a moment being created
making the binding system to unfasten (see figure 50).

Figure 50:: Stability situation of the binding when fastened and walking: forces acting between the cover and
the axis at the left part and forces acting between the slider and the axis at the right part

The value of the maximum force
force that can be applied upwards is calculated in
order the binding system not to release, as this would lead to catastrophic consequences.
Besides, at this case, the forces of the cover acting at the axis are also estimated as one
double force as shown in figure 50, as it does not make a difference with respect to the x
axis, which is the interesting axis to be analysed.
The force applied upwardly is placed at the edge that is inserted at the groove.
As it can be observed at figure 50, the friction force created by the force of the spring
creates a moment, which is the reaction opposing to the binding being released, as the
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moment created by the weight of the binding is very low.
low. The necessary parameters are
included in the situation where the holes of the cover and the slider are aligned when the
binding is in its fastened position (see figure 51).

Slider (2)

Cover (1)
Figure 51: Stability situation of the binding when fastened at the hole of the binding

In order to obtain the maximum value of the
the force transferred upwardly with the
boot to the binding, the
he sum of the moments at point 0 with respect to the axis is
calculated:
d i;jj > *?e E *?k E flh

*b(yD 'h $ 0

8229

Where *b(yD is the force directed upward created by the performing of the step trying to
get the crampon out of where it is inserted, leading to the binding to be unfastened,
lh = 3 mm is the distance between the gravity centre and point 0 at the l axis, the
distance producing the moment and 'h $ 13 mm is the distance in the l axis between
where the upward directed force is applied and point 0, the distance which creates the
moment with respect to this point.

The friction coefficient of the friction force at this case is determined as 0,25,
the minimum static friction coefficient between the cover and the axis and the slider and
the axis (Tribology-abc,, n.d.).
n.d.). If the minimum friction force can withstand the force
applied upwardly leading to the unfastening,
unfastening, it can be ensured that a higher friction
force created by a higher friction coefficient also can stand it. The force of the spring
acting at this point is the force transferring when the spring is decompressed, as it is the
position where the bindingg is fastened.
8109, 8119, 8139&82299 > *b(yD $

2g+Yz1 *+20WXYZ E ]^_B%_B` nlh
'h

$ 19,3 N

8239

Moreover, the maximum force that has to be applied at the rear-part
rear
hole of the
binding in order to unfasten the binding system is necessary to be calculated, in order to
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ensure that any user of the crampons is capable to perform the unfastening. While the
force is being applied, the binding rotates and the slider advances backward with respect
to the cover; hence,
ce, the spring compresses to its initial position. As a result, the force
that is required to be applied to unfasten the binding changes during this rotation of the
binding. It is concluded that to estimate the force at each position the way of
simplifying the system consists in analysing the critical situations: when the binding is
fastened and the unfastening force is just applied, being the axis placed at the downer
part of the hole, and when the binding is almost unfastened, being the binding almost
horizontal
izontal and the axis placed at the upper part of the hole.
When the binding is placed vertically and the unfastening force is applied, the
force of the spring is the lowest one, as the spring is
is in its maximum decompression (see
figure 52).

Figure 52:: Instability situation when the unfastening force is applied: forces acting between the cover and the
axis at the left part and forces acting between the slider and the axis at the right part

The worst position of the ice axe or the
the walking stick introduced into the hole at
the rear-part
part is considered: due to the shape of the hole, the force can be applied with
many different angles, but the worst case would be when the force is as vertically
directed as possible. If the force that has to be applied with this angle is determined, it
can be ensured that with any other angle that the shape of the hole restricts to apply, the
required force is lower. Besides, at this case the forces of the cover acting at the axis are
also estimated as one double force, as it does not make a difference with respect to the x
axis, which is the interesting axis to be analysed
The necessary parameters shown in figure 52 are included in the situation where
the holes of the cover and the slider are aligned in
in the fastened position when the
unfastening force is applied (see figure 53).
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Slider (2)

Cover (1)

Figure 53: Instability situation when the unfastening force is applied at the hole of the binding

As shown in figure 53, the maximum value of the force that is necessary to
apply at the rear-part
part hole in order to unfasten the binding is desired to be calculated.
Hence, the
he sum of the moments at point 0 with respect to the axis is calculated to
obtain the required results:
d i;j > *?e E *?k E flh

*aB?(@e{ '|

*aB?(@e} '~ = 0

8249

Where *aB?(@e{ is the unfastening force component
component for this position in the l axis,
'| = 55 mm is the distance in the s axis between where the unfastening force is applied
and point 0, the distance which creates the moment with respect to this point, *aB?(@e} is

the unfastening force component for this position in the s axis and '~ = 2 mm is the
distance in the y axis between where the unfastening force is applied and point 0, the
distance which creates the moment with respect to this point.
As it is known, in order to calculate the
the components of a force the angle between
the force direction and an axis is used:
*aB?(@e{ = *aB?(@e sin rh

8259

*aB?(@e} = *aB?(@e cos rh

8269

Where rh is the angle that the unfastening force has with
with respect to the vertical
direction at this position and *aB?(@e is the required unfastening force for this position.

8249, 8259&8269 > *?e E *?k E flh

*aB?(@e '| sin rh

*aB?(@e '~ cos rh = 08279

As the unfastening force creates a moment that has to exceed the moment
created by the friction force due to the low influence of the weight, the friction
coefficient that is used is 0,,4, the maximum static friction coefficient between metal and
plastic (Tribology-abc,, n.d).
n.d This friction coefficient is used because when
wh
the
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unfastening force is applied,
applied the binding is stable and static,
tic, so it is necessary to create a
movement.
8109, 8119, 8139&8279 > *aB?(@e $

2g+Y-j *+20WXYZ E ]^_B%_B` nlh
'| sin rh E '~ cos rh

$ 22,1 N

8289

On the other hand, when the binding is placed horizontally, the force of the
spring is the highest one, as the spring is in its maximum compression (see figure 54).

Figure 54:: Movement situation at the end of the unfastening process: forces acting between the cover and the
axis at the left part and forces acting between the slider and the axis at the right part

The position determined by the shape of the hole and the situation of the climber
holding the ice axe or the walking stick provides the unfastening angle at which the
force is directed into the rear-part
rear
hole. Besides, at this
is case the forces of the cover
acting at the axis are also estimated as one double force, as it does not make a difference
with respect to the x axis,
is, which is the interesting axis to be analysed.
The necessary parameters shown in figure 54 are included in the situation where
the holes of the cover and the slider are aligned in the horizontal position when the
unfastening process is almost accomplished (see figure 55).

Slider (2)

Cover (1)
Figure 55:: Movement situation at the end of the unfastening
unfastening process at the hole of the binding

In order to obtain the maximum value of the force that is necessary to apply at
the rear-part
part hole when the binding is horizontally located and the unfastening of the
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binding is almost performed, the sum of the moments at point 0 with respect to the
axis is calculated.
d i;j → *?e + *?k − fl< − *aB?(@k{ '• − *aB?(@k} '€ = 0

[29]

Where *aB?(@k{ is the unfastening force component for this position in the l axis,
'• = 51 mm is the distance in the s axis between where the unfastening force is applied
and point 0, the distance which creates the moment with respect to this point, *aB?(@k} is

the unfastening force component for this position in the s axis and '€ = 8 mm is the
distance in the y axis between where the unfastening force is applied and point 0, the
distance which creates the moment with respect to this point.
Using the expressions mentioned above:
[24], [25]&[29] → *?e + *?k − fl< − *aB?(@k '• cos r| − *aB?(@k '€ sin r| = 0[30]
At this situation, the binding rotates while the slider advances backward with
respect to the cover. The moment created by the unfastening force has to be exceeded
by the moment created by the friction force, as the influence of the weight can almost be
neglected. Hence, as it is moving, the friction coefficient that is established is 0,3, the
maximum dynamic friction coefficient between the cover and the axis and the slider and
the axis (Tribology-abc, n.d.). If the maximum dynamic friction force is exceeded by
the determined unfastening force, it can be ensured that a lower one will also be
overcame.
[10], [11], [13]&[30] → *aB?(@k =

2gvY-j *+WXYZ − ]^_B%_B` nl<

= 9,1 N
[31]
'• cos r| + '€ sin r|
Where *aB?(@k is the unfastening force for the position when the binding is almost
unfastened in a horizontal situation, gvY-j is the maximum dynamic friction coefficient
between metal and plastic and r| = 20º is the angle that the unfastening force has with
respect to the vertical direction at this position.
VERIFICATION OF THE CRITICAL COMPONENTS
Once that the designed mechanism of the rear-part binding is ensured and that the forces
to be applied in order to activate the fastening and unfastening forces are obtained, it is
necessary to verify if the design is able to withstand the forces that are applied to it.
Therefore, an analysis of the critical components of the binding and the supporting
systems is performed to obtain the maximum stresses they suffer.
AXIS
Firstly, it is determined that the axis of the binding system has to stand the force of the
spring transferred by the cover and the slider; thus, it is concluded that this is a critical
component. The weight of the binding acting on the axis is neglected as it is directed in
another direction compared to the force of the spring and its value is insignificant with
respect to the load of the spring. The maximum stress is created by the maximum force
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of the spring; hence, it is established the load that the spring is transferring when it is in
its maximum compression (see figure 56).
5

Figure 56: Modelling of the axis

As shown in figure 56,
56, two different forces are acting at the axis: one is the force
of the spring transferred to the axis through the slider and the other one is the force of
the spring transferred
ferred to the axis through the cover, as stated above and shown in figure
44. In reality, this force is transferred to the axis in the contact surface between these
components; thus, the force is acting at the radial area (see figure 57).
5

Figure 57: Forces acting at the axis at the radial area

The maximum force is transferred in the middle of the distributed load, which
corresponds to the direction at which the spring is transferring its load. The force acting
between the two surfaces
faces decreases while the contact surface is further from the
direction at which the spring load is transferred,
transferred, as it is observed in figure 57.
57
Nevertheless, the distributed load is simplified in one point force with the stated
direction. Even if this is a simplification, if the model is analysed in this way and the
obtained maximum stress is valid, it is ensured that in reality the axis will also
withstand the load, as a point force with the same value of the load transferred by the
spring creates a higherr stress than a distributed one.
As the axis is introduced tightly into the axis covers and it has no possibility to
rotate with respect to the axis covers due to the pins introduced through the axis and the
axis covers, at both sides the axis is modelled as being fully constrained. In order to
obtain the reactions at these points, a free-body-diagram
free
diagram is accomplished (see figure
58).
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Figure 58: Free-body-diagram of the axis

As it can be observed in figure 58,
5 there is no reactionn forces at these constrains,
as there is no forces in the l axis and in the s axis the forces are suppressed with each
other. Otherwise, there are two moments, one in point A and another one in point B. As
the forces acting at the axis are symmetrical, both moments have the same value.
Besides, the system is hyper
per static; thus, the results cannot be obtained applying only
the Newton’s second law. Superposition is used to obtain the value of these moments
(see figure 59).

Figure 59: Beam case for the axis (AF&PA, 2005)

According to AF&PA
AF&
(2005), for the case of the beam at figure 59,
5 the
following expression determines the moment at point 1:
i< =

‚

• •h
h

8329

Where i< is the moment created by the force at point 1, ‚ is the force applied to the
beam, • is the distance from the left fully constrain point to the point where the force is
applied, • is the distance between the point where the force is applied to the right fully
constrain point and is the length of the beam.
The case for the beam determines the value of the moment at the fully constrain
constr
part for one force. Therefore, the moment at the fully constrain point A is calculated for
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each of the forces acting at the axis according to figure 58, and finally their values are
summed, taking into account the direction of the moment created by these forces.
iƒ/X/ = iƒe E iƒk E iƒ„
[33]
Where iƒ/X/ is the total moment created at point … by all the forces acting at the axis,
iƒe is the moment created at point 1 by the force acting at the left part of the axis, iƒk is
the moment created at point 1 by the force acting at the middle of the axis and iƒ„ is
the moment created at point 1 by the force acting at the right part of the axis.
According to figure 58, the moment created by the force acting at the left part of
the axis is calculated in point A. As the force is acting in the opposite direction that the
case for the beam in figure 59, the value of the created moment by the force is negative:

[32]&[33] → iƒe = −

*+WXYZ
† 2 ‡ ˆ2‰ ˆ2 +

− 2‰

h

= −0,482 Nm
[34]
:2 + =h
Where = 17 mm is the distance where the distributed force of the slider is acting at
the axis and = 4,5 mm is the distance where half the distributed force of the cover is
acting at the axis.
The same process is accomplished to calculate the moment created by the force
acting at the middle of the axis in point A, according to figure 58. At this case, the force
is acting at the same direction that the case for the beam in figure 59; thus, the value of
the created moment is positive.
[32]&[33] → iƒk

ˆ*+WXYZ ‰ ˆ + 2‰ ˆ2 +
=
:2 + =h

−

− 2‰

h

= 1,667 Nm

[35]

Finally, the same calculus is performed to calculate the moment created in point
A by the force acting at the right part of the axis, according to figure 58. At this last
case, the force is acting in the opposite direction that the case for the beam in figure 59;
thus, the value of the created moment by the force is negative:

[32]&[33] → iƒ„ = −

†

*+WXYZ 3
2 ‡ ˆ 2 + ‰ ˆ2 +
:2 + =h

h
3
− 2 − ‰

= −0,045 Nm [36]

The sum of the moments created by the forces is accomplished. As stated above,
the system is symmetric; thus, the value of the moments is equal but with opposite
direction:
Where iŠ/X/

[33] → iƒ/X/ = 1,14 Nm → iŠ/X/ = −1,14 Nm
is the total moment created at point ‹ by the forces acting at the axis.

Once the reaction moments are obtained, it is possible to create the shearing
force and the moment diagrams along the axis (see figure 60).
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Figure 60: Shear force and moment diagrams of the axis

As it can be concluded from figure 60, the forces acting at the axis create
bending and shearing stresses. Both stresses are obtained to compare them with the
yield stress
ss of the material of the axis and to ensure if it is possible for the axis to
withstand the stated stresses.
On one hand, according to Sundström (2010), the shearing stress created by a
transversal force is calculated by the following expression for beam elements (eq.6.12
of Handbook of Solid of Mechanics):
Ž•
8379
••
Where Œ is the shearing stress, Ž is the shearing force, • is the state moment of part of
the cross section, • is the moment of inertia and • is the width of the cross section where
the shearing stress acts.
Œ=

The maximum shearing stress is created by the maximum transversal force;
hence, according to figure 60:
60

Where Ž"()

Ž"() =

*+WXYZ

2
is the maximum shearing force acting at the axis.

8389

•,, the state moment of part of the cross section, is determined by the following
expression:
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[39]
• = …‘ ’
Where …‘ is the area of the part of the section where the state moment is being
calculated and ’ is the distance from the neutral axis of the section being calculated to
the centre of mass of the part of the section being calculated.
As it is known, the shearing stress reaches its maximum value at the centre of
the section of the axis; as a result, … is determined as the area of half of the axis:
Where '()_@

“'()_@ h
…‘ =
8
= 3 mm is the diameter of the axis.

[40]

On the other hand, as the shearing stress reaches its maximum value at the centre
of the axis, ’ is the distance from the centre of the axis to the centre of mass of half of
the section of the axis:
’=

4'()_@
6“

[41]

Moreover, the moment of inertia of the section of the axis corresponds to the
following expression, as the axis is circular:
•=

“'()_@ ~
64

[42]

Finally, the width of the cross section where the shearing stress acts corresponds
to the diameter of the section of the axis:
[43]

• = '()_@

Therefore, the maximum shearing stress at the section of the axis is located at
the centre of the axis, corresponding to the following value:
[37], [38], [39], [40], [41], [42]&[43] → Œ()_@|

*+WXYZ
2 …‘ ’ = 48,4 MPa
=
“'()_@ ~
64 '()_@

[44]

On the other hand, as regards to the bending stress, it is known that this stress is
created by the moment that the axis is suffering in the l axis (see figure 60). The
bending stress corresponds to the following expression:
is
[45]
•
Where —^&B% is the bending stress, i is the moment that the axis is suffering in the
l axis, s is the distance between the centre of the section of the axis and the point where
the bending stress is being calculated and • is the moment of inertia of the section of the
axis.
—^&B% =
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The moment reaches its maximum value at middle of the axis, as it is shown in
figure 55. At this point, the value of the moment corresponds to the following
expression:
i"() = iƒ/X/ E i%_@A
[46]
Where i"() is the maximum moment that the axis is suffering and i%_@A is the
increase of the moment from the fully constrain point A to the point middle point where
the moment is maximum.
The increase of the moment from point A to the middle of the axis is caused by
the distributed force. It is determined by calculating the area in the shearing force
diagram from point A to the middle point, as it can be observed in figure 60.
i%_@A =

Ž"() ˆ2 + 2‰
2

= 1,37 Nm

[47]

As a result, the maximum moment that the axis is suffering is possible to be
calculated:
[45]&[46] → i"() = 2,52 Nm
Furthermore, in order to determine the distance between the centre of the section
of the axis and the point where the bending stress is being calculated, it is necessary to
take into account that the bending stress reaches its maximum value at the outer part of
the section. As a result, this distance is determined with the radio of the section of the
axis:
s=

'()_@
2

[48]

As the moment of inertia corresponds to the same value determined for the
calculus of the shearing stress, it is possible to calculate the maximum bending stress
that the axis is suffering:
'
i"() ()_@
2 = 950,2 MPa
[42], [45], [46], [47]&[48] → —^&B%| ()_@ =
[49]
“'()_@ ~
64
PLASTIC COMPONENTS
Even if their dimensions are larger, it is necessary to ensure if the cover, the slider and
the block withstand the forces they are suffering. The load of the spring is transferred to
these components, creating traction and compression at them. As they are composed of
plastic, their value of yield tensile strength is lower than the components made of steel.
As a result, the stresses that the load of the spring creates on them are calculated (see
figure 61).
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Figure 61:: Explanation of the spring load transferring in the binding

As stated in section 3.1.2, the load of the spring is directly transferred to the
lock. The lock transfers this force to the cover through the thread; hence, the lock is in
compression. However, the cover is in traction: the force of the spring makes the cover
to move opposite the direction of the axis, but as this movement is blocked by the axis
that is introduced through the cover, stress is created in the cover. On the other hand, the
spring transfers its load to the slider from the other end. Due to this force, the slider is
pushed towards the axis, but it is not moved because the axis
xis is introduced through the
slider. As a result, the slider suffers from compression, as shown in figure 61. The
weight is neglected as its low value has no influence in the stresses, as well as being
located in another direction.
The following expression
expression determines the tensile stress created by traction and
compression forces:
*A&B@_y&
8509
…A&B@_y&
Where —A&B@_y& is the tensile stress created by traction and compression, *A&B@_y& is the
traction or compression force and …A&B@_y& is the area of the section where the traction or
compression forces are acting.
—A&B@_y& =

In order to perform the calculus of the tensile stresses, the higher load
transferred by the spring is used, which corresponds to the
the position when the spring is
totally compressed.
*A&B@_y& @ = *+

!"#

Where *A&B@_y& @ is the maximum force transferred by the spring.

8519

With the purpose of ensuring that the tensile stresses created by the traction and
compression forces do not exceed the value of the yield tensile strength for the plastic
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components, the minimum areas of the sections of the mentioned components is
determined:

…y! DYz1 = 2,27 · 10™~ mh … !š&4Yz1 $ 3,39 · 10™~ mh …@y_%&4Yz1 $ 1,61 · 10™~ mh
Where …y! DYz1 is the minimum area of the section of the lock, … !š&4Yz1 is the
minimum area of the section
ection of the cover and …@y_%&4Yz1 is the minimum area of the
section of the slider.
It is concluded that the slider contains the minimum area of the section. As a
result, the tensile stress created by the compression force is determined for
f this area. As
all the plastic components has the same material, if it is calculated that the minimum
area is possible to stand the forces applied to it, it is ensured that all the other ones also
bear them.
Where —A&B@_y& #

850
8509&8519
> —A&B@_y& # $

*+

8529
$ 3,2 MPa
…@y_%&4Yz1
is the maximum tensile stress that the plastic components stand, which
!"#

at this case consists in the slider.
PIN
Due to its dimensions, another component that might be critical is the pin. The diameter
of this component is only 1 mm; thus, the possibility of yielding exists (see figure 62).

Figure 62: Pin suffering an imaginary force in the x axis

Moreover, the pin only suffers if a force is applied in the axis direction, as
shown in figure 62. Under normal conditions, no force is directed in this axis; thus, the
pin does not suffer any stresses.
Nevertheless, it is concluded to analyse the pins in order to determine which the
maximum force that it stands
stands is. At some specific situations when climbing a mountain,
a force might be applied to the binding, creating shearing stress at the pins. Taking into
account the yielding tensile strength that it has, a security factor is applied to this
shearing stress to obtain which the maximum shearing force that the pin can withstand
is. It is decided to apply a security factor of 4,, in order to ensure the durability of the
pin. The pin is made of common steel (Traceparts, 2013), which has a tensile strength of
275 MPa (SteelConstruction, n.d.).
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Where —c

#_B

Œ#_B $

—c

$ 68,75 MPa
8539
›. *.
= 275 MPa is the yield tensile strength for the common steel
steel, which the
#_B

pin is made of, and Œ#_B is the maximum shearing stress that it can stand.

Hence, the maximum shearing stress that the pins can stand is calculated to
evaluate how high the force accidentally applied to the binding in the direction can be.
As there are two pins, the shearing force is divided between the two of them; thus, the
shearing force is multiplied by two:
“'#_B ~
Œ#_B 64 '#_B
8379, 8399, 8409, 8419,
9 8429&8439
842
> Ž#_BY-j $ 2 œ
• $ 81 N 8549
“'#_B h 4'#_B
8
6“
Where Ž#_BY-j is the maximum shearing force that the pin can stand according to a
security factor of 4 and '#_B $ 1 mm is the diameter of the pin.

FLANGE
Another component that is determined as being critical is the flange, located at the
downer part
rt of the supporting bars. As this part of the component is introduced into the
hole in the framework of the crampon, it stands the weight of the binding and the
supporting system, apart from bearing the external forces applied to the binding. In
order to ensure that the flange can withstand the forces and moments acting at it, the
stresses created at the flange
nge are calculated (see figure 63).
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Figure 63:: Model of the forces and moments acting at the flange

As it can be observed in figure 63,, the flange stands the binding and the
supporting systems. It is estimated that at this position, the contact surface of the flange,
the one that suffer all the stresses, is the one shown at the figure.
It is concluded that the critical instant
instant when highest stresses are created at the
contact surface of the flange is when the unfastening force is applied to the binding in
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order to release the binding and remove the boot. At this instant, the flange suffers the
unfastening force, as well as the weight of the binding system and the weight of the
supporting system. It is concluded that the unfastening force is transferred to the upper
end of the supporting system, and a higher value is used (see figure 63); thus, if the user
applies an overload, it is ensured that the flange stands it. The maximum load that might
be applied at the binding during the unfastening process is established as a force of
50 N. As there are two supporting bars, the force is divided by two, as each flange
stands half of the maximum force.

Where *"()

*"()
= 25 N
2
= 50 N is the maximum force that might be applied to the binding system.

Moreover, it is estimated that the weight of the binding system is placed at the
same point, while the weight of the supporting system is located at the middle of the
supporting bar. The weight of both the supporting system and the binding system is also
divided by two, as each flange stands half of this weight.
The sum of the forces with respect to the normal and tangential axis of the
supporting bar is accomplished, as well as the sum of the moments with respect to the
axis at point ž, in order to obtain the reaction forces and moments that are created at the
flanges. It is estimated that the reaction forces are applied at the middle of the contact
surface shown in figure 58.
*"()
*"()
cos αh cos r~ −
sin αh sin r~
2
2
f^@
f@@
−
cos r~ −
cos r~ + ¡1 = 0
2
2

[28] → d *B → −

[28] → d *A →

*"()
*"()
f^@
cos αh sin r~ −
sin αh cos r~ −
sin r~
2
2
2
f@@
−
sin r~ + ¡/ = 0
2

[55]

[56]

*"()
*"()
cos αh cos r~ '¢ −
sin αh sin r~ '¢
2
2
f^@
f@@
'¢
[57]
−
cos r~ '¢ −
cos r~ + i¡ = 0
2
2
2
Where r~ = 55º is the angle between the supporting bar and the horizontal axis,
'¢ = 49 mm is the distance between the upper end of the supporting bar where the
unfastening force is translated and point C where the reaction forces and moments are
applied, f^@ is the weight of the binding system, f@@ is the weight of the supporting
system, ¡1 is the reaction force created in £ direction, ¡/ is the reaction force created
in • direction and i¡ is the reaction moment created in direction.
[28] → d i¡j → −

Both the weight of the binding system and the supporting system are known:
[11] → f^@ = ]^_B%_B` n

[58]
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8
8119
> f^@ $ ]@a##!4A_B` n

8599

Once all the parameters of the expressions are determined, it is possible to
calculate the reaction forces and moments at point ž:
8559, 8589&85999 >
E

¡1

$

*"()
*"()
cos αh cos r~ E
sin αh sin r~
2
2

f^@
f@@
cos r~ E
cos
cos r~ $ 19,9 N
2
2

8569, 8589&85999 >
E

¡/

$

¤Y-j
h

cos αh sin r~ E

f^@
f@@
sin r~ E
sin r~ $
2
2

15 N

¤Y-j
h

sin αh cos r~

*"()
*"()
cos αh cos r~ '¢ E
sin αh sin r~ '¢
2
2
f^@
f@@
'¢
E
cos r~ '¢ E
cos
cos r~
$ 0,976 Nm
2
2
2

8579, 8589&85999 > i¡ $

8609
8619
8629

In order to calculate the stress that the reaction forces and the reaction moment
created in point ž,, the influence of the reaction moment is required to be converted to a
force applied at the contact surface of the flange multiplied by the distance (see figure
64).

Figure 64:: Influence of the reaction moment converted to a force applied at the contact surface

As shown in figure 64,
64 the force that equals the influence of the reaction
moment is placed at the middle of the contact surface, calculating its value using the
distance between the middle of the contact
conta surface and the point ž where the reaction
forces are applied, the beginning of the contact surface.
i¡
$ 1953 N
8639
'¥
Where * !Bš is the force that equals the influence of the reaction moment
momen and '¥ $
0,5 mm is the distance between the middle of the contact surface and the point C where
the reaction forces are applied.
* !Bš $
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The forces acting at the normal direction are summed with the purpose of
obtaining the stress that they create:

860
609&8639 > *B/X/ $ ¡1 E * !Bš $ 1973 N
8649
Where *B/X/ is the sum of the force and the force that equals the influence of the
reaction momentum in the normal direction.
It is concluded that the forces acting
acting perpendicularly to the contact surface are
creating tensile stress at this surface. Therefore, the area of the contact surface is
necessary to be determined:
Where …

@

… @ $ 2 · 10™€ mh
is the area of the contact surface.

As a result, it is possible to obtain the tensile stress created at this area:

Where —A&B@_y& ?

*B/X/
$ 986 MPa
…@
is the maximum tensile strength that the flange stands.
8509&8649 > —A&B@_y& ? $

8659

On the other
her hand, it is estimated that the reaction force created in the tangential
direction can be neglected, as its influence is minimum.
THREAD AT THE LOCK
Another critical point of the binding system is the thread that the lock has. This thread
must bear the force between the spring and the cover in order not to let the lock to move
out of the cover (see figure 65).
6

Figure 65: Spring load acting at the thread of the lock

In order to calculate the stress that the thread is suffering, first of all the tensile
stress area of the thread of the lock is calculated (Roymech, 2013):

“ :'¦¦ E '¦¦¦ = h
…A $ §
¨
8669
4
2
Where …A is the area of the section of the thread of the lock, which stands the tensile
stress, '¦¦ is the basic pitch diameter and '¦¦¦ is the minor diameter.
To obtain the value for the tensile stress of the thread, the basic pitch diameter
and the minor diameter are necessary to be calculated:
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'¦¦ = © 0.75ª
[67]
'¦¦¦ = '¦ − ª ⁄6
[68]
'¦ = © − 1,25ª
[69]
ª = 0,866025«
[70]
Where © = 17 mm is the basic diameter of the lock, '¦ is the basic minor diameter, ª
is the height of the triangle of the thread and « = 1 is the pitch of the thread.
After introducing all the values of the parameters in the equation 66, the tensile
stress is obtained:
[66], [67], [68], [69]&[70] → …A = 202,57 mmh
As the force applied on the thread of the lock causes a tensile load case, using
the equation 45 the tensile stress that thread is suffering is calculated:

Where —A¬4&(% "()

[45] → —A¬4&(% "() =

*@

!"#

= 2,53 MPa
…A
is the maximum tensile stress that the thread suffers and *@

the highest force that the spring transfers.

!"#

is

After analysing the tensile stress that the thread suffers, it must be ensured that
the shearing stress created at the thread is lower than the tensile stress. Hence, the
required length of the thread engagement is analysed:
-’4&q = 2…A ⁄0.5“:© − 0.64952«= = 15.77 mm
Where -’4&q is the required length of the thread engagement.

[71]

It is necessary to ensure that the real length of the thread engagement is larger
than the required one:
-’4&(y = 17 mm > -’4&q = 15.77 mm

Where -’4&(y is the real length at which the thread of the lock is engaged.
As the real length of the thread of the lock engaged is longer than the required
length of the thread engagement, it can be affirmed that the shearing stress that the
thread suffers is lower than the tensile stress, being the last one the critical stress to be
analysed.
3.5.2. FINITE ELEMENT METHOD
The Finite Element Method is implemented in order to ensure that the results obtained
from the analytical analysis are acceptable or to perform new analysis that analytically
are complex to implement. This numerical method is commonly used in order to
perform strength analyses, as it is possible to analyse the stresses created in a whole
assembly. It is implemented using the Creo Elements/PRO software. The method is
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based on how the forces act in a differential element: boundary .conditions are
determined for the components of the assembly and these are divided in hundreds of
elements. Due to the complexity of the assemblies, they are possible to be simplified;
however, these simplifications cannot affect the real influence of the loads in the
components. The differential equations are created due to the boundary conditions
applied and the areas of the design suffering from most stresses are obtained when the
equations are solved.
AXIS
The first analysis is performed with the axis component, when it suffers the highest
loads applied by the spring, which are when the binding is in the horizontal position
regarding the framework (see section 3.1.2). To run the analysis, first of all, some
simplifications are made on it in order to simplify the analysis or because of the
limitations of the programme (see figure 66).

Figure 66: Analysis of the axis modelled as a beam

As shown in figure 66, the axis is modelled as a beam, due to its length, 28 mm,
is higher than the diameter, 3 mm. Consequently, the holes for the pins are ignored,
both to simplify the calculus and because the software does not permit to introduce
holes in beam analysis.
Another restriction of the programme is that it does not permit applying more
than one distributed load in the beam. Hence, the load distribution in reality is
simplified to point loads, as stated in section 3.5.1 and shown in figure 44. As the
stresses created by point loads are higher than the stresses created by distributed loads,
it is concluded that if the axis bears the influence of the point forces, it is ensured that it
also stands distributed forces.
After applying the forces to the beam, the boundary conditions are determined.
As the axis is fully clamped in both ends as shown in section 3.5.1, the six degrees of
freedom at these points are fixed. This means that the displacements and the rotations in
the three axes are restricted. Furthermore, a load regarding the temperature of -57 °C is
applied to beam; this temperature is the lowest that the axis suffers in the worst
conditions at where the crampons are used (see section 1.5).
The analysis is run after all the parameters are applied, obtaining the results, as it
is observed in graph 2.
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Graph 2: Bending stress of 3 mm axis modelled as a beam

Graph 2 shows the bending stress in the axis which has a diameter of 3 mm. The
highest bending stress that the axis suffers is located at the middle of the axis:
Where —^&B%| ()_@

—^&B% ()_@|
¤¯°

¤¯°

= 620 MPa

is the maximum bending stress that the axis stands as regards to

the Finite Element Method for 3 mm diameter.

The shearing stress that the axis suffers is also analysed, and the results can be
seen in graph 3.
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Graph 3: Shearing stress of 3 mm axis modelled as a beam

The obtained results show the shearing stresses that the axis stands, as it is
shown in graph 3. The highest shearing stress that the axis suffers is located a the
middle of the axis:
Œ()_@| ¤¯° = 310 MPa
Where Œ()_@| ¤¯° is the maximum shearing stress that the axis suffers with 3 mm as
regards to the Finite Element Method.
As stated in section 3.5.1, the axis yields due to the bending stresses it is
suffering. Consequently, the axis must be redesigned in order to ensure that it do not
break when using the crampons. The redesign consists in enlarging the diameter of the
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axis; if the axis is wider, the loads that the axis bears are higher. Therefore, the
simulation for the axis is conducted with higher diameter values (see graph 4).
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Graph 4: Bending stress for different diameters of the axis modelled as a beam

As it can be observed in graph 4, the bending stress along the axis is changed for
different values of its diameter. As regards to the critical values of the bending stresses,
they are located in the middle of the axis for each diameter. When the axis has a
diameter of 5 mm, the highest value corresponds the following one:
Where —^&B%• ()_@

—^&B% ()_@•

¤¯°

¤¯°

= 133 MPa

is the maximum bending stress that the axis stands as regards to

the Finite Element Method for 5,5 mm diameter.

Instead, when teh axis has a diameter of 5,5 mm, the highest value corresponds
the following one:
Where —^&B%•,• ()_@

—^&B% ()_@•

¤¯°

¤¯°

= 100,5 MPa

is the maximum bending stress that the axis stands as regards to

the Finite Element Method for 5,5 mm diameter.
3.5.3. STRENGTH RESULTS

As stated in section 3.5.1, taking into account the established parameters due to the
design and the requirements of the system, a commercial spring which fulfils all the
conditions is chosen (Lee Spring, 2013). The characteristics of the spring are shown in
table 9. Therefore, the load that the spring transfers is determined:
*+20WXYZ = 331 N
*+WXYZ = 513 N
Where *+20WXYZ is the force that the spring transfers when the spring is decompressed

and the binding is fastened, and *+WXYZ is the force that the spring transfers when the

spring is compressed and the binding is unfastened, the maximum force that the spring
transfers in the application.
At this point, it is possible to establish the weight of the whole crampon:
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] 4("#!B = 487,4 g
Where ] 4("#!B is the total weigh of the crampon.
Furthermore, the adequate functioning of the binding system during the
attachment process and the external forces required to be applied to the binding in order
to activate the fastening and unfastening mechanisms are determined, as stated in
section 3.5.1.
When the rear-part binding is unfastened, the binding is in a stability position: it
is ensured that the friction force between the cover and the slider against the axis
withstands the moment created by the weight, as the required friction coefficient is
lower than the static friction coefficient between those materials.
g+ 4&q = 0,0062 > g+Yz1 = 0,25

Where g+ 4&q is the required static friction coefficient in order the binding system to be

stable when it is unfastened and g+A(A_
between plastic and steel.

%4cYz1

is the minimum static friction coefficient

The chosen static coefficient (Tribology-abc, n.d.) is the minimum static friction
coefficient between plastic and metal. As a result, if the static friction coefficient
between the components is higher in reality, the stability is also ensured.
As regards to the instability situation, it is necessary to obtain the minimum
force that has to be applied at the lever at the front part of the binding to activate the
attachment mechanism, in order to evaluate if every individual is able to apply this force
even in the worst situation when climbing a steep wall.
*?(@ = 29,8 N
Where *?(@ is the force applied at the lever with the boot required for activating the
fastening mechanism.
When the lever is pressed, an infinitesimal displacement between the axis and
the hole of the slider and the cover occurs, which leads to the fastening mechanism to be
activated.
Moreover, when the fastening mechanism is activated due to the force applied at
the lever, it is ensured that the binding system rotates while the slider advances with
respect to the cover.
gv 4_ = 0,577 > g%Y-j = 0,3
Where gv 4_ is the critical dynamic friction coefficient in order the friction force to
avoid the movement and g%Y-j is the maximum dynamic friction coefficient.
The maximum dynamic friction coefficient is used in the comparison; hence, it
is ensured that if a lower dynamic friction coefficient exists between the components,
the system also functions. The movement of the binding occurs until the front edge of it
is inserted in the groove at the rear part of the boot and the binding is fastened.
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As regards to the position when the binding is fastened, it is necessary to ensure
that the system is not released due to the force directed upwardly when a step is
performed. Therefore, the critical force that the binding stands without rotating back
from the vertical position to the horizontal position is calculated:
*b(yD = 19,3 N
Where *b(yD is the force directed upward created by the performing of the step trying to
get the crampon out of where it is inserted, leading to the binding to be unfastened.
It is estimated that the value of the force that is possible to apply upwardly to the
edge that is in contact with the groove at the rear part of the boot is low. This might lead
to the binding being released. As a result, it is concluded that the force that the binding
stands without unfastening is necessary to be increased: as the friction force is the
opposing force against the force releasing the binding, in order to increase the influence
of the friction force, the friction coefficient between the materials at that point is
increased.
It is decided to surface the lower part of the holes in the cover and the slider with
rubber. In this way, the static friction coefficient between the axis acting at the holes of
the cover and the slider is increased. The friction coefficient of the rubber against steel
can vary between 0,6 and 0,9 (DiracDelta, n.d.); thus, the average value is used in order
to accomplish the calculus:
Where g+ 4

g+ 4 = 0,75
is the static friction coefficient of the rubber against the steel.

As a result, the calculus of the maximum force that the binding stands is
accomplished including the parameter of the new static friction force in the equation 23
of section 3.5.1.
[23] → *b(yD± = 57,4 N
Where *b(yD± is the force that is necessary to apply upwardly when walking to the edge
of binding in order to release it with the new covering of rubber.
Besides, the force that has to be applied to the binding to unfasten it is
calculated. As stated in section 3.1.2, the binding contains a hole at the upper part,
where with the end of the ice axe or the walking stick, a force is made downward and
backward in order to unfasten the binding. This force makes the binding rotate 90º until
it reaches the position where the binding is horizontally located with respect to the
framework. At the same time, the slider advances backward with respect to the cover
due to the shape of the holes, making the spring to compress.
It is concluded that the critical positions when the maximum force has to be
applied during the fastening process consists of the first position when the binding is
vertical and the last position when the binding is horizontal. In the first position, even if
the load that the spring is transferring is the lowest one during the process, the binding
is in a static situation; thus, the friction force is necessary to be exceeded. The
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maximum friction coefficient between metal and plastic is used for that at the
beginning. Nevertheless, as the downer part of the surface of the holes is covered with
an adding of rubber after analysing the results, the friction force is changed. Therefore,
the friction force between rubber and metal is used for that: as stated above, the
determined value is the average, 0,75 (DiracDelta, n.d.). The worst case is considered as
regards to the direction at which the force is transferred, obtaining the required force:
[28] → *aB?(@e = 41,5 N
±

Where *aB?(@e ± is the force that is necessary to be applied to the binding so it starts
moving in order to unfasten when it is vertically placed.

On the other hand, in the last position, the binding is horizontal and the spring is
transferring its maximum load, as it is totally compressed. As it is already moving, the
friction force that is necessary to exceed corresponds to the dynamic friction between
plastic and steel. The required force is obtained for the direction determined by the
shape of the hole and the situation of the user.
*aB?(@k = 9,1 N
Where *aB?(@k is the unfastening force for the position when the binding is almost
unfastened in a horizontal situation
Therefore, it is concluded that the maximum force in order to unfasten the
binding system is necessary to be applied at the first position in order to make the
binding start rotating and moving.
*aB?(@e ± = 41,5 N > *aB?(@k = 9,1 N
Moreover, in order to ensure that all the components of the binding system
withstand the forces that they are suffering, the most critical components of the system
are analysed to compare the maximum stress they are suffering with the yield tensile
strength that they provide. The minimum tensile strength of the materials used is chosen
to make this comparison to ensure that they do not yield:
—c #y(@A_ = 15 MPa

—c @A&&y = 435 MPa

Where —c #y(@A_ is the yield tensile strength of the plastic components and —c @A&&y is the

yield tensile strength of the steel components.

It is desired to ensure not only that the components bear the forces, but also that
those components last the repetition of the forces acting during the attachment process
and during the climbing for a long time. As a result, it is concluded to apply a security
factor in order to ensure the viability of the critical components.
›. *. = 4
Where ›. *. is the security factor applied to the yield tensile strength.
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It is estimated that the components have to fulfil the requirement of a security
factor of 4, which is determined based on the internal knowledge and experience.
The first component that is determined as critical is the axis. It suffers the load
of the spring transferred by the cover and the slider. The axis is analysed analytically in
section 3.5.1 and using the Creo Elements/PRO software in section 3.5.2. In the
analytical analysis, the maximum bending and shearing stress that the axis suffers is
determined for the designed diameter:
—^&B% ()_@| = 950,2 MPa
Where —^&B% ()_@ is the maximum bending stress that the axis stands according to the
analytical analysis for 3 mm diameter.
Œ()_@| = 48,4 MPa
Where Œ()_@ is the maximum shearing stress that the axis stands according to the
analytical analysis for 3 mm diameter.
It is observed that the influence of the bending stress is larger compared to the
shearing stress, which is possible to neglect as regards to the analytical analysis.
On the other hand, the Finite Element Method implemented in the software
mentioned above determines that the axis suffers the following maximum bending and
shearing stresses for a diameter of 3 mm:
Where —^&B%| ()_@

—^&B% ()_@|

¤¯°

¤¯°

= 620 MPa

is the maximum bending stress that the axis stands as regards to

the Finite Element Method for 3 mm diameter.

Œ()_@| ¤¯° = 310 MPa
Where Œ()_@| ¤¯° is the maximum shearing stress that the axis suffers with 3 mm as
regards to the Finite Element Method.
Concerning the Finite Element Method, it is observed that the influence of the
shearing stress is larger, half the value of the bending stress. Apart from that, the
bending stress reaches its maximum value at the outer part of the section of the axis,
where there is no shearing stress. The shearing stress reaches its maximum value at the
centre of the section of the axis instead, where there is no bending stress. Hence, it is
concluded that the bending stress is the critical value: as a result, it is established as the
parameter to be analysed.
Moreover, when the maximum values of the bending stress according to the
analytical analysis and the Finite Element Method are compared to the yield tensile
strength of the material of the axis, it is observed that the axis yields:
—^&B% ()_@| = 950,2 MPa >

—^&B% ()_@|

¤¯°

= 620 MPa

>

—c @A&&y = 435 MPa

—c @A&&y = 435 MPa
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As a result, it is decided to increase the diameter of the axis. As shown in section
3.5.2, the highest bending stress is calculated for higher values of the diameter of the
axis.
Where —^&B%• ()_@

—^&B% ()_@•
¤¯°

¤¯°

= 133 MPa

is the maximum bending stress that the axis stands as regards to

the Finite Element Method for 5 mm diameter.
Where —^&B%•,• ()_@

—^&B% ()_@•,•

¤¯°

¤¯°

= 100,5 MPa

is the maximum bending stress that the axis stands as regards to

the Finite Element Method for 5,5 mm diameter.

It is observed that the maximum bending stress that the axis suffers with a
diameter of 5 and 5,5 mm is lower than the yield tensile strength of the axis.
Nevertheless, it is necessary to ensure if the axis fulfil the requirement for these
diameters when the security factor is applied.
—c @A&&y

—^&B% ()_@•

¤¯°

= 3,27 < ›. *. = 4

It is determined that if the axis is designed with a 5 mm diameter, it does not
fulfil required security factor; hence, it is concluded that the diameter of the axis is 5,5
mm.
—c

@A&&y

—^&B% ()_@•,•

¤¯°

= 4,33 > ›. *. = 4

With a diameter of 5,5 mm, the security factor is higher than 4. Nevertheless, as
the axis is one of the most critical components of the binding, which suffers the load of
the spring all the time, it is concluded that having a high security factor is positive.
On the other hand, as shown in section 3.5.1, the plastic components are also
analysed, as their yield tensile strength is remarkably lower. The load of the spring
causes traction and compression in the plastic components; thus, the tensile stress that
this load creates is determined:
—A&B@_y& # = 3,2 MPa

Where —A&B@_y& # is the maximum tensile stress that the plastic components stand, which

at this case consists in the slider.

The maximum tensile stress is created at the slider, as stated in section 3.5.1.
This maximum stress is compared to the tensile strength of the plastic components in
order to evaluate if it fulfils the requirement of the security factor:
—c #y(@A_

—A&B@_y& #

= 4,7 > ›. *. = 4
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The maximum tensile stress that is created in all the plastic components fulfils
the requirement of the security factor; consequently, it is determined that all the plastic
components withstand the forces that are acting on them and that they last for a long
time.
Besides, even if no forces are acting at the pin under normal conditions, as its
diameter is low, the maximum shearing force that it can stand is calculated, taking into
account the security factor (see section 3.5.1):
Ž#_BY-j = 81 N
Where Ž#_BY-j is the maximum shearing force that the pin can stand according to a
security factor of 4 and '#_B is the diameter of the pin.
As a result, it is estimated that the pin stands a high shearing force compared to
any transversal force that might be caused to the binding accidentally when climbing,
with a security factor of 4.
Moreover, the flanges at the end of the supporting bars are standing the weight
of the supporting and the binding system, as well as the external forces that are applied
to the binding during the attachment process. It is estimated that the highest force
creating the highest stress at the flanges is accomplished when the unfastening force is
applied. It is determined that a force higher than 50 N is never applied in order to
perform the unfastening. Hence, the stress that is created at the flanges is calculated due
to the maximum force that might be applied and the weight of the supporting and the
binding system, as shown in section 3.5.1.
—A&B@_y& ? = 986 MPa

Where —A&B@_y& ? is the maximum tensile strength that the flange stands.
Nevertheless, when this stress is compared to the yield tensile strength that the
flange has, it is concluded that the flange yields:
—A&B@_y& ? = 986 MPa > —c @A&&y = 435 MPa
Nevertheless, it is observed that the rise in the diameter of the axis influences in
the mechanism of the binding system. Hence, the maximum external force acting at the
system is expected to be enlarged, which directly affects the stress created at the flange.
As a result, it is concluded that the analysis of the flange is necessary to be conducted
after determining the new maximum external force.
Lastly, the stress created at the thread of the lock is calculated, as this thread is
estimated as a critical component due to the large force that it suffers as a result of the
load transferred by the spring. The tensile stress created at the thread is higher than the
shearing stress, as stated in section 3.5.1; thus, it is the one to be analysed:
—A¬4&(% "() = 2,53 MPa

Where —A¬4&(% "() is the maximum tensile stress that the thread of the lock suffers.
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The tensile stress created at the thread of the lock is compared to the yield
tensile strength taking into account the security factor. As the components are made of
plastic, the yield tensile strength of the plastic is used:
—c #y(@A_

—A¬4&(% "()

= 13,8 < ›. *. = 4

Therefore, it is largely ensured that the security factor requirement is fulfil at the
thread of the lock. Moreover, as the thread between the supporting bar and the screw
suffers a lower force and both the supporting bar and the screw are made of steel, it is
ensured that this joining amply fulfils the requirement concerning the security factor.
As the diameter of the axis is changed, the radius of the axis, one of the
influencing parameters in the verification of functioning of the attachment process, is
also changed. As a result, it is necessary to verify the functionality of the attachment
process for this new parameter.
In the stability position when the binding is unfastened, the required static
friction coefficient with the new diameter of the axis is still lower than the minimum
static friction coefficient between plastic and steel; thus, the stability is ensured.
Where g+ 4&q

[14] → g+ 4&q
•,•

•,•

= 0,0034 > g+Yz1 = 0,25

is the required static friction coefficient in order the binding system to

be stable when it is unfastened for a diameter of the axis of 5,5 mm.

As regards to the fastening force that is necessary to be applied at the lever in
order to make the fastening mechanism to activate, the required fastening force for the
new diameter of the axis is:
Where *?(@

[17] → *?(@
•,•

•,•

= 54,2 N

is the force applied at the lever with the boot required for activating the

fastening mechanism with a diameter of the axis of 5,5 mm.

Once that the fastening mechanism is activated, it is ensured that the required
dynamic friction coefficient in order the binding not to continue moving is higher than
the dynamic friction coefficient between these components. As shown in equation 21 in
section 3.5.1, the required friction coefficient only depends on the angle; hence, as the
angle is not changed, the required friction coefficient is still the same.
As regards to the stability position when the binding is fastened, the maximum
force that the binding stands upwardly at the edge in contact with the groove at the boot
is necessary to be calculated with the new diameter of the axis.
[23] → *b(yD±³,³ = 105 N

Where *b(yD±³,³ is the force that is necessary to apply upwardly when walking to the

edge of binding in order to release it with the new covering of rubber and the new
diameter of the axis 5,5 mm.
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The required force in order to unfasten the crampon is established as critical in
the first position. This force is recalculated for the new diameter of the axis:
Where *aB?(@e

*aB?(@e
•,•

axis of 5,5 mm.

•,•

= 76 N

is the required unfastening force for this position for a diameter of the

As a result, the feasibility of the attachment process is ensured again for the new
diameter of the axis.
Nevertheless, as stated above, the enlargement of the unfastening force affects
directly at the stress created in the flange, as the maximum force that the flange stands is
increased. Hence, the maximum external force that the binding and the supporting
system bear is estimated again, ensuring that no higher force than this one is ever
applied to the system.
*"() •,• = 100 N

Where *"() •,• is the maximum external force that the binding and the supporting

system bear with a diameter of the axis of 5,5 mm.

As a result, the maximum tensile stress that is created at the flange is necessary
to be recalculated for the new maximum external force that the system is suffering. As it
is expected that the flange yields due to the tensile stress created by this higher force,
the area of contact surface between the flange and the hole in the framework of the
crampon is increased.
Where … @
framework.

… @ = 10 ∙ 10™€ mh
is the increased area of contact surface between the flange and the

Therefore, after enlarging the area of contact surface, the new tensile stress
created at the flange is calculated with the new area of contact surface and the new
maximum external force
Where —A&B@_y& ?

[63], [64]&[65] → —A&B@_y& ?
•,•

•,•

= 77,2 MPa

is the maximum tensile strength that the flange stands after

increasing the area of contact due to a higher maximum external force that the system
suffers because of a larger diameter of the axis and a higher static friction coefficient
because of the covering of rubber.
The maximum stress created at the flanges for the new area of contact surface is
compared to the yield tensile strength of the flange to ensure that it fulfils the
requirement of the security factor:
—c #y(@A_
= 5,64 > ›. *. = 4
—A&B@_y& ?
_B
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It is therefore ensured that the flanges bear the forces applied to them according
to the security factor. Moreover, it has a higher security factor, what is estimated as a
positive point as the flange is one of the most critical components of the binding.

3.6.

REDESIGN

Due to the strength analysis, it is determined that some of the parameters of the
components of the design are not correctly dimensioned, as the maximum stress created
in those components because of the forces acting on them do not fulfil the security
factor requirement when compared to the yield tensile strength. As a result, the
dimensions of some of the components are necessary to be incremented.
The designed axis, with 3 mm of diameter, yields as regards to the forces it is
suffering. Hence, its diameter is increased to 5,5 mm. With this higher diameter, the
axis fulfils the security factor requirement.
Where '()_@

'()_@ = 5,5 mm
is the new diameter of the axis in order to bear the forces acting on it.

Besides, as stated in section 3.5.1, the lower part of both the holes of the slider
and the cover are covered by rubber in order to obtain a higher static friction coefficient.
It is considered that the flange at the end of the supporting bar, the one that is
making the joining of the framework with the supporting and binding system, has a
critical contact surface with the framework of the crampon, where all the forces act.
Therefore, high stresses are created at the contact surface; it is concluded that the flange
does not stand the stresses created by the reaction forces and moment acting on the
contact surface. As a result, the area of the contact surface is increased until the stresses
created are lower than the yield tensile strength, taking into account the security factor.
Where … @
framework.

… @ = 10 ∙ 10™€ mh
is the new increased area of the contact surface between the flange and the

As stated in section 3.2.2, the framework of the crampon has to be 2 mm thick.
Therefore, in order to have the mentioned area, the length of the flange has to be 5 mm
long.

3.7.

COSTS

In order to determine the price that the crampon has in the market, the costs of its
production are analysed. This investigation is divided into different areas: commercial
elements, row materials and manufacturing processes. However, the costs to
manufacture the framework and the front metal wire of the crampon are separated from
the rest of the costs, as they are not changed in the new design.
Regarding the commercial elements, their prices are known searching the
companies that produce them, as shown in table 10.
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Commercial
elements
Spring

€/unit

Number of units

Price (€)

2,4

1x2

4,8

Pin

0,01

2x2

0,04

V-seal

0,46

2x2

1,84

Screw

0,08

2x2

0,32

Security system

1,9

1x2

3,8

Total

10,8

Table 10: Price of the commercial elements

As it can be observed in table 10, the spring costs 2,4 € (Leespring, 2013); each
pin used in the design costs 0.01 € (Pasadores Elasticos, 2012), each V-seal costs
0,46 € (Alibaba.com, 2013), each screw costs 0,08 € (Tecnico-Productos, n.d.) and the
security system costs 1,9 € (The Roof Box Company, 2012). The table 10 also shows
the number of units of each commercial element used in one crampon; as there are two
crampons, the number of units is duplicated. As a result, the total cost of the
commercial elements is 10,8 €.
Regarding the raw materials that are used in the new design, their costs are
shown in table 11.
Raw materials

€/kg

kg

Price (€)

PE-HD

0,95

0,08

0,076

AISI 4130

0,61

0,05

0,03

Total

0,1

Table 11: Price of raw materials

The weight of each raw material is obtained adding the weight of each
component in the design, as it can be observed in table 11. An estimation of the weight
of the trash material that is wasted when manufacturing the components is added in
order to get the initial required weight before the manufacturing. However, the required
weight of polymer and steel is very small; as a consequence, the costs in raw material
that PE-HD (Plasticker, 2013) and AISI 4130 (Alibaba, 2012) components have can be
neglected when determining the price of one pair of crampons.
On the other hand, the manufacturing processes that are used to get the
components from the raw materials make the costs rise. Nevertheless, it is almost
impossible to determine the manufacturing costs that each component of the new design
has.
However, it is possible to determine the costs to produce the plastic components
(Protomold, 2013), as is can be observed in table 12.
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Component

Mould price (€)

Piece price (€)

Cover

4622,8

2.21

Slider

2657,2

1,9

Axis cover

2736,5

1,91

Lock

3669,9

1,88

Front cap

1242,8

1,86

Rear cap

2507,7

2,74

Total

17436,9

10,29

Table 12: Price of the moulds and pieces for PE-HD components

As it is shown in table 12, the price to obtain the plastic components is not too
high. Otherwise, the costs of the moulds to produce the components are very high,
around 17000 €. In order to determine real prices of the pieces, the amount of pieces
that are manufactured and the amortisation parameters of the mould must be taken into
account. These parameters cannot be estimated to achieve an accurate cost of the plastic
components, as there is no evidence of the production size. Furthermore, the costs of the
manufacturing processes of the metallic parts are very difficult to determine.
Consequently, the manufacturing processes to produce the new components are
compared to the manufacturing processes used for the reference crampon in order to
determine which of the two processes is costlier.
The metallic parts that are used in the reference crampon have less exigent
manufacturing operations that the ones used in the new design, as explained in section
3.3. The operations that the metallic parts require in the reference crampon are low
demanding bending operations. However, in the new design, CNC machine operations
are required. As a result, the new design is more expensive concerning the metallic
parts.
Regarding the plastic parts, the reference crampon has also plastic components,
which are made using the injection moulding, as in the new design. However, the
reference crampon has fewer elements. Consequently, the new design is also more
expensive than the reference crampon concerning the plastic components.
In addition, the reference crampon has commercial elements as well.
Nevertheless, the new design contains more commercial elements, which make the new
design even more expensive.
As a result, it is estimated that the created crampons are more expensive than the
reference ones. The framework and the front-part binding system are the same, being no
difference in their production costs. On the other hand, the binding and supporting
systems of the new crampons are costlier.
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4. RESULTS AND ANALYSIS
As regards to the design, the rear-part binding system consists in seven different
components: the axis is made of steel, while the slider, the cover, the lock and the two
caps are composed of plastic. The last component is the spring, which is a commercial
element. Otherwise, the supporting system is symmetric as regards to the centre of the
binding. The supporting system is then repeated at each side of the binding, each part
consisting in six different components: the fixing cover and the supporting bar are made
of steel, while the axis cover is made of plastic. The screw, the seal and the pin are
commercial elements instead.
The front-part binding system and the framework of the crampon are not
modified from the reference step-in crampon: the only detail that is changed is the hole
where the supporting system is attached.
Commercial elements are used when possible to reduce the cost of the product
and simplify the design. Furthermore, the design is accomplished in an attempt to
diminish the number of components, designing simple shapes when possible.
The attachment process is designed as simple and effective as possible. In order
to perform the fastening process, first, rear-part binding system is necessary to move
from its storing positions to its attachment positions. Once the front part of the foot is
placed in the framework, the front-part binding system is fastened. The lever is then
pressed with the rear part of the boot, activating the rear-part binding system. Finally,
the security system is fastened.
Two different movements of the hand and one movement of the foot are
necessary to accomplish the new fastening process, while the process of the reference
crampon consists in six complicate movements of the hand. Apart from that, the rearpart binding is necessary to place in the appropriate positions for the fastening process
with the new design. Nevertheless, with the reference the rear-part binding also has to
be moved from its storing position to its fastening position. As a result, it is concluded
that the fastening process is extensively improved, being easier and faster compared to
the fastening of the reference crampon. Furthermore, the reference crampon requires
removing the gloves, while the new system does not; hence, a large improvement is
obtained, as removing the gloves in high altitudes with very low temperatures is
uncomfortable, apart from being dangerous as the hands might get frozen.
On the other hand, the unfastening process consists of three different movements
of the hand: unfasten the security system, press down at the upper part of the binding
with the ice axe or the walking stick to unfasten the rear-part binding system and
remove the metal wire consisting in the front-part binding system from the front part
groove of the boot. Apart from that, the rear-part binding system is necessary to move
from its attachment position to its storing position again; however, the reference step-in
crampon also requires doing this, so it is not taken into account. As a result, the
unfastening process is reduced from five to three movements.
The materials used at the crampon have to bear low temperatures and have to be
light. In addition, they have to be as cheap as possible. As the front-part binding system
and the framework of the crampon are not modified, the same materials as in the
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reference step-in crampon are used for these components. Hence, the materials for the
rear-part binding system and the supporting system are selected.
High Density Polyethylene (PE-HD) is used for the plastic components that are
estimated to have the lowest demands concerning the forces and the stresses they have
to bear. This material stands very low temperatures and provides low density and high
tensile strength compared to other polymers. Furthermore, PE-HD has a low price as
regards to the stiffness and toughness it provides. This polymer is waterproof and has
low water absorption, what makes it suitable for snowy and icy terrains.
Chromoly steel AISI 4130 is used for steel components, the ones that are
evaluated to be the higher demanding components concerning the forces and the stresses
they have to stand. It withstands very low temperatures without losing its ductility and
toughness. AISI 4130 is stronger than common steel, whereas its density is not high
compared to other steels that have the same strength. Chromoly steel provides a high
tensile strength and shows good behaviour against welding and forming. Nevertheless,
even if chromium provides resistance against corrosion, as the chromium percentage
that this steel contains is not as high as in stainless steels, the material used is less
resistant to corrosion than the stainless ones. As a result, it is necessary to perform
exhaustive maintenance in order to ensure the durability of the parts composed with this
steel.
The use of commercial elements reduces the costs in the manufacturing process,
as it is more economical to purchase than to produce. Moreover, these elements provide
advantages both in the design and in the assembly process, as their measures and
assemble parameters are normalised.
It is concluded that the most suitable process in order to manufacture PE-HD
polymer components is the injection moulding, due to the shapes and the profiles of
their designs. This process has a low operational cost, and the loss of scrap during the
manufacturing is insignificant. The same mould is used to create lots of components,
providing high precision tolerances; thus, there is no need for a finishing process after
the moulding. This process is suitable for the thickness of the components of the design.
Even if the infrastructure of the injection moulding is expensive, it is determined that it
is the optimum process for this case.
Regarding the components made of chromoly steel AISI 4130 in the design,
different manufacturing processes are determined depending on the component. The
axis and the supporting bars have a specific diameter; thus, as these bars are available in
the market, they are purchased and cut to the required length using a metal cutting
circular saw, as it provides a cleaner and faster cutting than other processes. Then, both
of them are manufactured using a CNC milling machine: the transversal holes in the
axis in order to introduce the pins are accomplished, while the thread for the screw at
one end and the specific shape including the flange at the other end are performed to the
supporting bars. Even if a CNC milling machine is very expensive, it provides the
fastest and simples way to accomplish the required shapes, finishing the components
with a high precision and always obtaining exactly the same pieces concerning the
dimensions.
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On the other hand, due to their shape, the fixing covers are established to be
manufactured by the moulding process for steels. The same moulds are used to produce
lots of fixing covers. It has reduced dimensions; thus, a high number of components
might be manufactured at a time. Only a finishing of the axis part of the fitting cover is
necessary after it is removed from the mould: the part that is tightly introduced through
the hole at the end of the supporting bar, which is accomplished with the CNC machine.
Even if the purchasing of most of the infrastructure used in the manufacturing
process is very expensive, it is concluded that the investment is rapidly recovered due to
the large quantity of crampons that will be produced. Besides, the operation cost is
reduced: as most of the machines work automatically once they are programmed to
create the specific components: the operator only has to set the programme up.
Furthermore, the materials that are purchased are recycled materials, in order to
obtain an environmentally friendly product.
Both the supporting and the binding systems are designed in order to provide a
simple and fast assembly and disassembly process. The only movement that is required
to perform with accuracy consist in aligning the holes of the components. Almost all the
process can be accomplished with the hands, apart from two steps that are performed
with a screw driver and an Allen key. Even if high internal forces are acting in the
systems, no large forces are required for either the assembly or disassembly.
Moreover, the joining of the components is designed in order to be possible to
recycle them after the disassembly. Almost all the components are made of one
homogeneous material; hence, it is possible to reutilize these components for new
products. The slider and the cover contain a cover of rubber at the lower part of their
holes; nevertheless, it is possible to remove this addition applying the Law of the Lever,
also obtaining totally reusable materials from these components.
The functionality of the attachment process of the designed rear-part binding is
ensured: when the binding is unfastened, the system is stable. However, when the lever
is pressed, the binding rotates and advances until it reaches the fastened position. At this
position, the binding system is fixed to the boot. The binding must be pressed down in
the upper hole in order to unfasten it, until the system reaches the unfastened position
again.
At the first stability position, the fastening mechanism is not activated, as the
load transferred by the spring is directed perpendicularly to the surface of the holes of
the slider and the cover. The only parameter in favour of activating the mechanism is
the weight, but its influence is almost insignificant and it is counteracted by the friction
force. Thus, it is not possible for the spring to decompress.
Otherwise, when the lever is pressed, the binding rotates and accomplishes an
infinitesimal displacement with respect to the axis; thus, the load transferred by the
spring is not perpendicularly directed to the surface of the holes anymore.
Consequently, as the force of the spring exceeds the friction force, the spring starts to
decompress and the slider starts to advance with respect to the cover.
When the fastening process is activated and the binding is rotating and moving
with respect to the axis, the only parameter determining the movement is the angle of
the surface of the holes with respect to the horizontal axis: the lever is not being pressed
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anymore and the force transferred by the spring has no influence in the movement.
Hence, as the angle is 60º, the movement is ensured.
When the binding performs a turning of 90º and achieves its fastened position,
the binding is in a stability position: the spring cannot decompress more because the
axis introduced through the hole of the slider does not permit the slider to continue
advancing. This occurs because at the specific moment when the binding reaches its
fastened position, the axis is located the downer part of the hole of the slider. Hence,
even if the spring is still transferring force, the design restricts the movement.
Furthermore, it is necessary to ensure that any human is able to apply the
external forces required for activating the fastening and unfastening mechanisms, as
well as the fact that the binding is not released while climbing.
In order to activate the fastening mechanism, a force of 54,2 N is necessary to be
applied at the lever at the front part of the rear-part binding, as stated in section 3.5.1.
The worst position to perform this process is considered in order to evaluate if any
human at any situation is able to apply this force. As shown in section 2.3, the worst
position is considered to be when the knee is flexed forming an angle of 160º in the
saggital plane with respect to its natural position and when the knee and the ankle are
bend outwardly around 40º in the axial plane. It is estimated that, at this position, a hit
of 80 N is possible to be accomplished by anyone, as this force is required to be applied
just in an instant.
On the other hand, when the crampon is fastened, the rear-part binding stands a
force of 105 N upwardly directed at the edge that is inserted at the rear-part groove of
the boot without releasing, as stated in 3.5.1. If the force is lower than this value, the
moment created by the friction force opposes the moment created by the force upwardly
directed. However, if a higher force than the stated one is applied, the friction force
cannot bear it anymore.
It is considered that the required force that has to be applied upwardly with the
foot in order to remove the crampon from ground covered by rocks, snow or ice is a lot
smaller than 105 N in a normal situation. At the worst case, the crampon is inserted in
ice: in this case, a high force must be applied to hammer the prongs of the crampon into
the ice, but this action does not entail to release the rear-part binding system.
Otherwise, when removing the crampon from the ice, the way is already done, as the
prongs follow the same direction of the holes made when hammering the ice; thus, the
required force to remove the crampon is not high. Therefore, it is estimated that the
force that is applied upwardly at the binding does not exceed 40 N under normal
conditions, ensuring that the crampon is not released.
Nevertheless, an accidental situation might occur during the climbing: if the
crampons are being used in rocky terrains, one of the crampons might get stuck between
rocks. At this situation, the normal reaction of the user consists in pushing hardly
upwardly in order to try to unlock the crampon. At this case, it is possible that the force
transferred upwardly at the edge of the rear-part binding to be higher than the critical
one stated above, as a very high force is possible to be accomplished with the leg and
the foot.
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As a result, this force creates a moment which leads the binding to release;
however, when the force directed upwardly in the edge makes the binding start to rotate
with respect to the axis, there are two forces opposing this action from occurring. On
one hand, the edge makes contact with the vertical surface of the groove, where, due to
the normal force of the surface against the edge, a moment is created making the
binding rotates in the opposite direction to the releasing direction. On the other hand,
when the binding starts to rotate, the strap of the security system is tautened, making a
force that creates another moment in the opposite direction to the releasing direction.
Consequently, it is ensured that the binding does not release even if the user
pushes up with the highest force that a human can, as the strap and the clip stand a load
of 400 kg. The only detail consists in the fact that the strap of the security system
always has to be as tautened as possible; thus, whenever the binding starts to release, the
security system acts immediately against this movement, not letting any clearance be
created between the boot and the crampon.
One of the objectives consisted in the fact that the binding system has to
withstand a force of 300 N without releasing. Actually, the load that the spring transfers
when the binding is fastened is higher than that force; however, it is not the force that
the binding stands without releasing, as this force is not transferred into the groove. This
occurs because if the slider would advance with respect to the cover until it would make
contact with the groove, any kind of dirt that might damage the mechanism would be
possible to get inside the binding. Therefore, the mechanism is designed to be totally
closed; thus, the moment avoiding the binding to release is produced by the friction
force.
Lastly, to accomplish the unfastening of the binding mechanism, a maximum
force of 76 N is necessary to be applied at the hole that is placed at the upper part of the
binding system when this is placed vertically. This maximum force has to be applied to
make the binding start rotating in order to release it; thus, the force has to exceed the
friction force when the binding is static. It is estimated that any user of crampons is able
to apply a force higher than 100 N with an ice axe or a walking stick at that position.
Besides, this force is only necessary to be applied at the first moment, until the friction
force is exceeded and the binding starts rotating. Once it rotates, the required force to
keep the binding turning substantially decreases; hence, it is ensured that any user is
able to perform the unfastening process.
Once that the releasing process starts, the binding rotates and advances with
respect to the axis, until it is placed horizontally with respect to the framework.
Contrary to what it is believed, even if the slider is advancing back with respect to the
cover making the spring to compress, the higher load transferred by the spring does not
suppose that a higher unfastening force has to be applied. At the horizontal position,
when the spring is transferring its maximum load, the force that is necessary to apply in
order to continue moving the binding is a quarter of the required force at the beginning
position, when the spring is transferring its minimum load. This occurs because the
direction of the applied force is more influencing than the load that is necessary to be
exceeded. At this position, the binding accomplishes a turning of 90º with respect to the
fastened situation. Due to the advancing of the binding with respect to the axis, the axis
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is moved from the downer part of the holes of the cover and the slider, and it is placed
in the upper part of these holes. The binding is therefore unfastened and stable again.
Moreover, analysing the unfastening mechanism, it is ensured that, when the
unfastening force is applied, the binding rotates and it is possible to remove the boot
from the crampon. Nevertheless, it is observed that the possibility of the binding not
moving to the unfastened position exists. Depending on how the unfastening force is
applied, the possibility that the binding only rotates with respect to the axis exists. This
might occur as it is necessary to compress the spring in order the slider to advance
backward with respect of the cover, while the whole binding rotates, as stated in section
3.1.2.
In this way, the axis would not move relatively to the holes of the cover and the
slider, and it would stay at the downer part of the holes. Consequently, it would be
possible to remove the boots from the crampon, whereas the binding would not be ready
to fasten it again. As a result, it would be necessary to grab the binding with the hand
and press it down from the back part of the binding in order to make the binding
advances with respect to the axis. This is necessary to perform until the axis is placed at
the upper part of the holes in the slider and the cover, in the unfastened position of the
binding. Besides, this action would be performed after removing the boot from the
crampon. It might even be done back at home, if the crampons are only necessary to
wear once, as the binding systems are possible to place in their storing position even if
the rear-part binding system is in the fastened position with the axis at the downer part
of the holes.
The critical components of the binding and the supporting systems that are
created are analysed in order to ensure that all the components of the design withstand
the forces that they are suffering. It is concluded to establish a security factor that all the
components have to fulfil in order to ensure their durability. The analysis is
accomplished, and it is ensured that all the critical components of the design bear the
stresses created on them with a security factor of 4.
Besides, it is determined that all the sharp edges of the created design are
rounded in order to avoid stress concentration in those edges. This is accomplished with
accuracy at the critical components, such as the flanges of the supporting bars.
Nevertheless, it is necessary to enlarge the sizes of the diameter of the axis and
the area of contact of the flange with the hole of the framework in order all the
components to bear the stresses they are suffering. As a result, after the redesigning, it is
possible to calculate the new weight of the crampon:
]^_B%_B` = 51,8 g ]@a##!4A_B` = 21,9 g ]?4("&b!4D = 403,3 g ]@& @c@ = 13,4 g
Where ]^_B%_B` is the total mass of the rear-part binding system after the redesign,
]@a##!4A_B` is the total mass of the supporting system including after the redesign and
]?4("&b!4D is the total mass of the framework including the front binding after the
redesign.
] 4("#!B = 490,4 g
Where ] 4("#!B is the total mass of the crampon after the redesign.
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It is observed that a very light crampon is obtained. This fact provides to lesser
the effort required when climbing, both when carrying them in the back or wearing
them.
Finally, even if it results complicated to estimate the cost of the production of
the new crampons, it is concluded that their production is more expensive than the
reference crampon. The metallic and plastic components that are necessary to
manufacture in the reference crampon require less economical processes than the
manufacturing processes required for the designed components.
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5. CONCLUSIONS
The main goal of the project is achieved: a new design of the rear-part binding
system of the step-in crampon that provides a simpler and faster attachment process of
the crampons without having to remove the gloves is created.
The fastening process is diminished from six difficult steps to be performed with
the hands, having to remove the gloves for it, to two simple movements of the hands
and one simple movement of the foot that does not require removing the gloves.
Furthermore, the unfastening process is reduced from five difficult steps to be
accomplished with the hands to three simple movements of the hand. Neither in the
fastening process nor in the unfastening process the action of moving the rear-part
binding system from its storing position to its attachment position, and then moving it
back again to its storing position, is taken into account in the stated movements.
Nevertheless, as in the reference crampon the same process is necessary to perform, it
does not make a difference as regards to this action.
The design that is created is totally adaptable to any kind of boot available in the
market for the step-in crampon: as depending on the boots the height of the rear-part
groove varies, the height of the edge that is inserted in the groove is regulated with the
screws that perform the joining between the rear-part binding system and the supporting
system. This regulation is obtained by introducing the screws more or less in the
supporting bars. As the stroke of these screws is of 10 mm, it is possible to regulate the
binding system for a height of the groove of the boots between 30 − 40 mm. Hence, the
requirement of the suitability for all types of boots is fulfilled.
As the designed crampon provides the option of changing the position of the
binding systems to a storing position, it has reduced dimensions. The length and the
width of the crampon are determined by the framework of the crampon, which is not
changed; thus, they continue having the same values as in the reference crampon. On
the other hand, when the binding systems are positioned for storing and the two
crampons are placed together with the prongs pointing to each other and intertwined
with each other, the height of the two crampons is 100 mm. Consequently, it is ensured
that they fit in a bag with dimensions 250 mm 120 mm 120 mm.
Besides, when the crampon is fastened, the rear-part binding system protrudes
28 mm from the back of the framework of the crampon, being this the maximum
projecting; hence, the requirement that the binding system has to exceed less than 50
mm from the framework is fulfilled. Moreover, as the height of the rear-part binding is
possible to be regulated, it is ensured that the boot is tightly connected to the crampon,
without any kind of clearance.
The components of both the supporting and the rear-part binding systems are
made of recycled materials. In addition, they are designed in order to be recyclable after
the disassembling: as the joining of the components is performed mechanically, when
the assembly is dismantled each component only has one homogeneous material. The
only exception occurs with the slider and the cover, which contain a cover of rubber at
the lower part of their holes. Nevertheless, these parts can be separated applying the
lever law; thus, it is ensured that all the components are recyclable.
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The chosen materials for the components are adequate for very low
temperatures; thus, they provide a high tensile strength with even lower temperatures
than the ones the crampons might be exposed to. Furthermore, an analysis of the critical
components is accomplished in order to ensure that the components bear the forces
acting at the mechanism and also the external forces they might suffer. All the
components fulfil the requirement of having a security factor of 4; therefore, a high
quality design that functions in extreme conditions is ensured. The flange and the axis
are estimated to be the most critical and demanding components concerning fatigue, as
they are the parts of the design where continuous higher stress concentrations are
created. However, even if a fatigue analysis is not performed, as these components
widely fulfil the established security factor, it is concluded that the durability of the
crampons is guaranteed.
The requirement that the binding mechanism has to withstand a force of 300 N
is not achieved. If a force higher than 105 N is applied with the foot upwardly at the
edge of the rear-part binding, which is inserted at the rear-part groove of the boot, the
force entails to releasing the binding system. Nevertheless, there are two forces
opposing this action to occur. When the binding starts to rotate, the edge of the binding
makes contact with the vertical surface of the groove, which creates a moment opposing
the binding to be released, whereas the strap of the security system is tautened, which
also creates a moment opposing the binding to be released.
As a result, these two actions avoid the binding from being released. Moreover,
it is concluded that the strap of the security system is necessary to adjust tightly around
the boot before the buckle is fastened. This adjustment is crucial to be accomplished, in
order the security strap to be tautened immediately when the force is upwardly applied.
This avoids the binding from rotating; thus, no clearance is formed between the boot
and the crampon, making them being totally fixed even if the crampon get stuck in any
terrain.
As the security system stands a maximum load of 400 kg, it is ensured that the
binding system withstands any force that the user might perform upwardly. Hence, the
requirement that the security system has to stand a force of 3 kN is fulfilled.
Regarding the price, it is concluded that the new crampons are more expensive
than the reference step-in crampons. As a result, the purchasing of the crampons is
evaluated to cost barely higher than 200 €. Hence, the expected requirement for the
price is not fulfilled. However, the determined cost is an inaccurate estimation, as it is
infeasible to approximate the cost of the manufacturing processes until the production is
set.
Each crampon mass is of 490, 4 g; as a result, not only the requirement of
weighting less than 600 g is fulfilled, but additionally a very light crampon is obtained.
This is a profitable advantage for the users of crampons, as the lighter the crampons are,
the lesser the weight they have to carry at their backpack is and the lesser the effort they
have to perform in each step is.
Consequently, it is estimated that a large improvement is achieved in the
alpinists’ world. A crampon with the same limitations to the reference step-in crampon
is created, but with substantial advantages. The new design provides the opportunity of
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immediately fastening the crampon in a simple way, while in the past, this process
required high effort apart from a great suffering in the hands, as the gloves were
required to be removed. This significant development might mean a profitable time in a
rescue at high altitudes, where each minute is crucial. Moreover, it might mean saving
climbers life, as there are stretches where due to their short length the users of crampons
might avoid using them because of laziness. However, with the new crampons these
climbers will wear them due to the comfort of the attachment process. As a result, it is
believed that this new product will have a large response in the market, as the regular
climbers will largely appreciate the improvement.
Besides, no negative aspects are observed when evaluating the created product:
as the crampons existed before and they are only developed, there is no type of damage
that the new product can suppose compared to the previous models of crampons. In
addition, the environmental impact of the production of the crampons is diminished.
Finally, the sustainability of the created product is ensured. Currently, there is no
similar device in the market that involves the reliability and the comfort that this
product provides. It is concluded that the future development of the crampons is
expected to tend to the refinement of the attachment process and the optimisation of the
quality of the crampons, while reducing its weight and price. As a result, it is believed
that the adaptability and success of the new design is viable.
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6. REFLECTION
To create a design that fulfils all the established requirements is laborious and time
consuming. Several factors have to be taken into account when designing the
attachment mechanism: it has to contain as fewer components as possible in order to be
light, the components has to be cheap to produce an economical product, the mechanism
has to provide a secure binding to ensure the users life and the attachment have to be
performed simply and fast.
The process to achieve the concept design is conducted smoothly; to reflect the
idea into an adequate design which encompasses all the stated aspects resulted
troublesome instead. The design is focused on the action of a spring: the idea consisted
in activating the mechanism with a movement of the foot in order the fastening to be
automatic. Nevertheless, ample time is spent thinking in a way at which the spring
decompresses while at the same time the binding rotates to achieve the fastening. At the
end, the problem is solved by designing two components with holes of specific shape,
one advancing with respect to the other one by the force of the spring, which provides
the binding to rotate while the spring decompresses.
The verification of the created design is also problematic. On one hand, when
the critical components of the design are analysed, they show that some of the
components do not bear the stresses they are suffering. This inconvenience leads to a
redesign of those components. In reality, this adjustment does not involve a large
trouble as it only means having to adapt the measures of the components affected by the
redesign. However, the redesign of the components means that the functionality of the
attachment mechanism is necessary to ensure again.
On the other hand, the reliability of the attachment mechanism is questioned at
two different situations. Firstly, it is discovered that when the binding is fastened, due to
the force transferred upwardly by the boot to the edge of the binding inserted at the rearpart groove of the boot when a step is performed, the binding starts to rotate with the
risk of releasing. Otherwise, even if this complication supposes a large concern, the
problem is deeply investigated, and it is concluded that there are two actions preventing
the binding from releasing.
The other inconvenience that is discovered consists in the fact that, when the
unfastening force is applied with the ice axe or the walking stick, the binding might not
return to the unfastened position. The design is thought in order the binding to rotate
and advance with respect to the axis, until the axis is located at the upper part of the
holes of the slider and the cover, and until the spring is totally decompressed.
Nevertheless, when analysing the unfastening mechanism, it is observed that instead of
occurring what it is desired, as this means that the spring is necessary to compress, the
binding might only rotate, without compressing the spring and advancing with respect
to the axis. Consequently, the behaviour of the binding is necessary to be analysed in
reality to evaluate the feasibility of the mechanism.
It results delicate to accomplish an accurate estimation of the cost of the product,
as even if it is possible to analyse the cost of the purchasing of the materials and the
commercial elements, the estimation of the cost of the manufacturing process is
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confusing. As there is no evidence of how many crampons might be produced, even if it
is feasible to estimate the price of production of each component, it is not possible to
determine the amortization of the machines that are required for the manufacturing
process. Therefore, as the machines and the tools involve the highest cost of the process,
it is decided to compare the required production for the reference crampon with the one
for the created crampon.
Generally, the project is conducted regularly according to the planning of the
time that is performed at the beginning, as shown in the Gantt diagram in Appendix A.
Nevertheless, more time than expected is spent in the new design, due to the problems
stated above. Apart from that, the planned time is spent fulfilling the tasks, even if the
rest of the implementation parts are necessary to accomplish barely faster due to the
time consumed at the design part.
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7. FUTURE WORK
Even if a new design of the rear-part binding of the step-in crampon which provides a
faster and simpler attachment process of the crampons to the boot is achieved, it is
possible to continue optimising the design in order to improve the attachment process.
Besides, the crampons are also possible to be improved concerning their materials and
manufacturing process, in order to obtain a higher quality and more reliable crampon, as
well as reducing its price and weight.
Firstly, the verification of the functionality of the system should be deeply
developed. The most adequate way of ensuring the feasibility of the binding system
consists in creating a real prototype of the new design. Consequently, it would be
possible to try the improved crampon in a real situation and to check if the designed
system works properly. In this way, it is attainable to evaluate whether the fastening and
unfastening processes are feasible to accomplish, realising if there is anything that has
to be modified. As a result, the parts of the design that are not practical in reality might
be improved to obtain a binding system that is as optimal as possible.
The creation of the real prototype gives the possibility of evaluating more
precisely the functionality of the unfastening process. As stated in section 4, the
awareness of the binding not acting as it is expected exists: when the unfastening force
is applied, it is ensured that the boot can be removed, but the binding might not move
back to the fastening position. Hence, a real prototype provides the possibility to check
if the unfastening force makes the binding move to the fastening position or only makes
the binding rotate. It also provides the opportunity to check if this action is influenced
by the angle at which the unfastening force is accomplished. As a result, it is possible to
verify if the unfastening process is adequately performed or if any parameter is
necessary to be adjusted in the design.
Therefore, if the checking of the real prototype climbing a mountain shows that
the crampons work correctly, the production of the new crampons has to be put into
effect; thus, the customers can take advantage of the created improvement.
Furthermore, due to the repetition of the unfastening force in the rear hole of the
binding, it is observed that the possibility of perforating the hole exists. Hence, it is
elementary to analyse if this occurs and to think how to prevent it. Different materials
that provide the required characteristics are possible to be searched in order to add a
cover on the surface of the hole and avoid punching from occurring.
On the other hand, the strength analysis of all the components of the new design
have to be further developed. The behaviour of these components when real loads are
applied to them or when impacts act against them has to be analysed in very low
temperatures. In addition, an analysis of fatigue of the system is relevant to accomplish
to ensure the durability of the crampons.
Moreover, the market is all the time experiencing improvements and creating
more optimised materials. Due to the relevance of the weight in the crampons, it is
necessary to lower the weight without decreasing the quality of the crampons using new
materials for this purpose. Hence, another task to be developed consists in the
investigation of new generation materials that might be suitable for this application, as it
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can be the case of the composite materials or fibres. At the same time, other
manufacturing processes that provide higher quality of the components without
increasing their price have to be achieved.
Additionally, it is desired to expand the optimised attachment process for all the
users of crampons. The designed crampon consists in an improvement of the step-in
crampon: hence, it is limited to climbers using the step-in boot. That is why another task
for the future is to adapt and improve the new design for the boot aimed for the hybrid
crampons.
Finally, it is observed that even if the rear-part binding system is fastened
automatically, the use of hands are necessary to fasten the front-part binding. It is
therefore estimated that a new design might be accomplished for the front-part binding
to avoid the use of the hands during the attachment. As a result, if some kind of
mechanism is designed adapting the soles of the boots to a new design of the binding,
the possibility in the future to create a totally automatic binding system might be viable.
Nevertheless, the binding system always has to be complemented with a security
system, in case the binding system fails. Consequently, as currently there is not reliable
security system that is fastened automatically, the use of hands would still be necessary
to fasten it.
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