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Abstract
Radio base stations contain equipment which enables the use of cell
phones all around the world. ERICSSON is developing these stations and everything connected to the area, such as electronics, software and hardware. In a new project ERICSSON plans to make their
hardware modular, to satisfy all their customers around the world even
if their preferences differ. The task that was given to us was to develop a modular locking system to the radio base station cabinets.
The concept was developed in an integrated working process that focused on a user centered final product. The process included the definition of the problem, preliminary studies of areas which are connected to
the problem and a summary of the demands that the customers mediated in a list of requirements. The idea generation generated lots of ideas
that later on were developed into different concepts. The concepts were
evaluated before the final decision was made together with ERICSSON.
The final product is a lifting handle connected to a rod and latch system,
which already existed. A new mechanical function was created to make the
new handle function with the old system. The locking system is modular
and it is possible to choose which way to lock the handle, with a cylinder
lock or a padlock. Only one module, the cylinder in the middle, needs to
be switched to get the other solution. The other parts are the same; this
makes the product modular. The lift handle is an entire new design, developed in the project.
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1. Introduction
The work has been done in cooperation with ERICSSON. The following

chapter will describe the problem, the purpose and goal of the project and the
strategy to solve the problem.
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1.1 ERICSSON and radio base stations

1.2 Background and mission

ERICSSON was founded in Stockholm, 1876, and is world leading in
telecommunications industry. The company provides hardware, software
and services and their vision is to be the prime driver in communication
equipment worldwide. More than 180 countries use ERICSSON equipment and 40% of the world’s mobile traffic passes through ERICSSON
networks. ERICSSON is divided into three different sections in order to
provide the opportunity to deliver end-to-end solutions to their customers. With such a variety of knowledge many different products can be
realised. To understand the wider organisation take a look at figure 1.
The department responsible for this project is specialised in mechanical engineering and cooperates with the industrial design department in
developing products. The project was administrered at PDU Hardware
(under unit Development Radio) a section which develops and is responsible for all hardware at ERICSSON, which includes the cabinets where
the electronic equipment of telecommunication is placed. The site where
the antenna and cabinets are placed is called Radio Base Station (RBS),
figure 2. The radio base stations provide the possibility to phone each
other. The distance between the sites depends whether if a high capacity
is needed, for example in cities where there are a lot of people, and on
the area the radio base station need to cover.

ERICSSON aims to deliver the entire package to their customers, a solution were they have acess to the complete equipment, installation, support and service. To do this ERICSSON wants flexibility in all their products. The new idea is that the hardware, in this case the cabinet, (where
the electronic equipment is placed), will be modular which is implemented
in an on-going project at the department of radio developments. In order
to meet the demands of ERICSSON and the needs of the customers the
cabinet has to meet certain requirements and standards. Because of the
risk of vandalism the cabinets need to have enhanced security. The cabinets are being exposed to the weather therefore the locking system requiers to be water resistant and protected against freezing. In order to service the cabinets a handle is needed to open the cabinet and a lock will be
required to keep it secure. The service is done approximitly twice a year
on every cabinet however since there is a lot of cabinets the maintenence
crew work with one or two a day. One problem with the existing locking
system is the separate handle and another one is that it is too expensive.
A deeper description of the current lock can be found in paragraph 2.1.
The task is to design a modular locking system which satisfies the customers and their different requirements and also the demands ERICSSON
has.

Figure 1. ERICSSON’s organisation is complex and here is a simple explanation
of the organisation, the red mark shows in which department this project has been
done.

Figure 2. A radio base station in Texas, US.
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1.3 Purpose and goal of the project
The purpose of this project was to develop a new handle with a lock according to ERICSSON’s design guidelines, in the same style as their
product range. The handle is a significant detail on the cabinet where
the customer has an opportunity to interact with the object. ERICSSON wants a new lock which shows that ERICSSON is a premium and
leading brand of telecommunication. The product shall express ERICSSON’s core value and business ethics which is respect, professionalism and perseverance. A product that is modular will give a shorter developing time and a lower manufactoring cost which benefits
both ERICSSON and the customers. The goal of the project was to;

them. Product creation, by Tjalve (1989), focuses on the process of developing the form of the product. This is a helpful process to use to create
a product that reflects ERICSSON’s design. While working according to
the integrated product development procedure the phase of problem definition was explored with modularity methods (Erixson et al, 1996), see
paragraph 2.4. During the idea generation and the concept generation the
product was created in a combination of the working process of product
creation and the integrated product development process. See figure 3 for
the entire process summarized.

• Design a product that follows the design requirements that ERICSSON
has.
• Create a concept which satisfies ERICSSON´s costumers and their different needs.
• Make it cost efficient to manufacture.
• Develop and do a CAD-model in Solid Works,
and
• Create a fully working prototype of the model.

1.4 Strategy to solve the problem
As students in product design engineering it is important to have an
understanding of both design and its meaning but also the mechanism behind the product. The communication between these subjects
is crucial because they are closely connected. In order to reach the best
result in this project an integrated working procedure was used. The
importance of this working method is the communication and coordination among the various disciplines (Stadzisz & Henrioud, 1998).
In this case they were the industrial design department including usability and the mechanical department at ERICSSON. But also the system department and product department. There was also a cooperation
with a subcontractor who could engage in manufacturing the product.
To work with integrated product development means to work in a process that follows these steps: research, idea generation, concept generation, concept selection, details and manufacturing, and the final product
or prototype in this case (Ulrich & Eppinger, 2011). As a designer, the
main task is to formulate proposals, do models and examine and evaluate

Figure 3. The process
3

2. Background

A project starts with a research phase to analyse and consider different opportunities of action, to avoid designing a product which is totally inappropriate or

already exists (Tonnquist, 2010). At first the locking systems on the market were analysed and compared as well as ERICSSON’s own locking system and the
radio base station cabinet. This was done to have a solid ground to start from and to know the boundaries and opportunities of the project. After this the problem
was sorted out by dividing it into sub-problems and by looking closer at one part at a time the problem became comprehensible.
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2.1 Current locking system
Today ERICSSON uses a lock which was designed 20 years ago. It is a
robust solution that provides conciderable resistance to vandalism according to the standards that ERICSSON uses. When this lock was designed resistance to vandalism was a major requirement, therefore the
locking system is made of stainless steel. This is a very expensive material compared to plastic and zinc. Not all of the customers are asking for a solution which can resist vandalism and they are not willing
to pay for a more expensive solution. Another problem with the lock is
that there are many parts, which makes it quite complicated to assemble and to install in the cabinet. Until the modular locking system is designed to the new RBS-cabinet, another system with a swing handle (described in the following paragraph) from an external supplier will be used.
In order to enter and service the cabinets the maintenance personnel have to bring a handle with them. This is inconvenient because the handle is easily lost or they forget to bring it. In the original design there was only one locking possibility, a cylinder lock.
Following a customer request a new solution was developed where
it was possible to use a padlock to lock the handle. The lock was integrated in the handle and the handle was always on the cabinet.
The way of handling the current locking mechanism, figure 4,
is:
1. Move the protecting lid.
2. Turn the key and the locking cylinder will loosen from its 		
place and the cylinder is possible to remove. The cylinder is not
visible in the pictures, figure 4.
4. Put the handle in the cylinder hole and turn the handle and the
cabinet will open.

Figure 4. ERICSSON’s current locking system.

2.2 Swing handle and rod and latch system
The swing handle is a very common
locking system in the cabinet market. The handle is locked by the lock.
It is not possible to get a grip around
the handle. The compact solution obstructs the burglars. The locking system is integrated with the rod and
latch system, which is fixed at the rear
of the door. The primary function is to
compress the gasket in several places
along the side of the cabinet’s door;
the gasket goes along the whole door
frame. The gasket makes the cabinet
water- and dust proof inside, but it
can make the pressure in the cabinet
lower than outside and the door even
more fixed, which makes it more difficult to open. When the handle rotates the latches release from their
attachments (fixed in the cabinet)
and the rod moves so it becomes possible to open the door, see figure 5.
The stages of opening the door with
a swing handle, are illustrated in figure 6.

Figure 5. The rod and latch system.

Figure 6. Opening of the swing handle in three steps; 1. Open the lock with the key. 2. Pull
out the handle until it reaches an angle of 45 degrees. 3. Twist the handle upwards to the
side.
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2.3 Sub contractor - Industrilås
Industrilås is a company that develops locking systems and hinges and will be producing ERICSSON’s locking system until ERICSSON has developed their own. They have a factory and office in Nässjö and to get an understanding of how they develop their
products and to see all their products a study visit was organized.
Some advice was given on how to design a locking system since Industrilås has a lot of experience in this area. One thing to remember is the
lever arm in a swing- or lift handle. The lever arm has to be big enough for
the user to get enough force to open the cabinet but not to break it. Plastic
can have good properties especially when it is mixed with other materials for example glass fibre. One method to make the handle cheaper than
the stainless steel handle, but without lowering the feeling of quality, is to
mix two completely different materials, for example plastic with a surface
treatment in chrome in order to have a shiny and metallic style. However
chrome was excluded because it did not meet the need of sustainable development according to the developers at Industrilås. The developers had
some questions to the personal at Industrilås
•

Why is it so common that swing handles are used in the telecom cabinets and not lift handles?
The swing handle has been a common standard and a working solution which no one has complained about. There is also no risk to
stick in the handle with the compact design. There is no lift handle
because no customer has asked for it and it is a complex solution to
develop.·

•

Does the swing handle work according to the requirements of protection against vandalism? Yes, if they are made in stainless steel but it
also depends on how stringent the requirements are.

•

What kind of different surface treatment exists to get a surface finish
which can give a higher quality feeling? Stainless steel can get a
shiny result through an electrolyte. Industrilås use powder coating for
the surface treatment.

2.4 Problem definition
In the product creation process the first step is to define the problem. The
problem was to make a modular locking system which was in accordance
with ERICSSONs product catalogue and that included a padlock and a
cylinder way of locking the door. The two startup points of the product

creation process is to define the main function and its sub functions. These
points provided a solid basis for the process to continue.

2.4.1 Main function and sub functions
The product is a compound of several elements which have different
functions but the main function is the one connecting the input (what
is used for the product to work) and the output (what comes out of using the product) (Tjalve, 1989). To establish the main function a deeper
look into the functions of the product needed to be made to understand
the underlying problem and what functions the product shall be able to
perform. This was done with the method black box. The method is quick
and gives an overview of the problem and formulates the problem so it
becomes easy to understand. The incoming problem of the black box was
to have a locked door that is impossible to get through and the outcome of
the problem was to open the door so the repairers can fix the radio equipment. In between the input and the output several functions are needed
to make the product work, the so called sub functions. These are the elements that the product is built on and these were the parts which would
be developed (Tjalve, 1989). The black box was turned into a white box.
The white box is a method to break down the problems into subproblems
which are easier to solve than it is to solve the entire problem at once,
(figure 1 in appendix 1). In the white box the inside is visible and the input
and output can be elaborated further.. The result was to enable the opening
of the door and in order to do so three sub functions needed to be solved:
• How to rotate the cam of the cylinder lock or integrated padlock
so that when it is unlocked and the padlock is removed, with
the help of a key and human force, the handle is free to move in
one way or another.
• How to change the position of the rod with the help of human
force that creates a movement of the handle, which can be
transferred to the rod to make it unhitch from the latches.
• How will the user pull the door towards them with their own
force to open the door?
In this sense the modularity will be placed in the first function were
variations of locks will be possible, especially padlock and cylinder
lock.
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3. Preliminary studies

Broader and deeper knowledge about the subjects of this project were needed early in the process in an academic and scientific study to lead the project in the right
direction and increase the quality of the project. A study of the needs of the users was also conducted at ERICSSON to set the requirements of the product.
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3.1 Literature Study
To find experience which leads to a more fullfilled and professional final
product literature studies were made about working process, modularity,
ergonomics of a hand and aesthetics.

interfaces are not carefully devised is that there will be more parts or parts
which are difficult to assemble. The interfaces can also be adjusted so that
one module can be replaced by another and through this give the product a
new function and by this be flexible (Erixon et al, 1996). If a product portfolio is modular it is important to find the common functions and unique
functions. There are different ways of working with modularity methods
but they all have the common purpose of making it easier for the designer to understand which product architecture incorporates an appropriate
amount of commonality (Dahmus et al, 2001). This clearifies the task of
developing a modular locking system. Some tricks were also discovered
to make it easier to decide where to place the interfaces. One purpose with
the location of the interfaces can be to simplify repairs. The interface can
thereby be placed between the parts that will not wear and the parts that
get worn out and need replacing. The interfaces can also be placed so they
make it easier to disassemble. To visualise certain parts a change of colour
can make them easier to locate and simplifies the usability (Dahmus et al,
2001). The use of modularity in this project is described in paragraph 4.4.
In the process of modularity the first step is to transfer the list of requirements into a Quality Function Deployment (QFD) and then the four
member functions character should be considered (Erixon et al, 1996).

3.1.1 Process
Product creation is a design process that focuses on the genesis of the
product and mainly on the form and the form factors. The process includes
these phases (Tjalve, 1989), figure 3;
Problem definition
- Main functions
- Sub function
Idea generation
- Fundamental shape
- Quantitive functions
Concept generation
- Overall shape
- Elemental shape
The phases are described futher below where they also are applied. The
phases involve finding solutions, examining solutions, evaluation and selection. This is done by means of some methods called structure variation
method and form variation method (Tjalve, 1989). The activities which
belong to the design phase are often conducted later on in the process.
Earlier in the process important decisions might have been made about appearance and shape. This is why the product creation process is so useful,
to see the alternatives of every decision and to have the design of the product controlled through its entire development (Tjalve, 1989).

3.1.2 Modularity
Modularity enables increased flexibility and choice for the customers.
When dividing the product into modules the place of the interface can be
crucial for the manufacturing and the development costs. The interface is
were the modules come together. If the interfaces do not match when developing new product variations or when updating a product to a new version, the entire product will need to be redesigned, which probably will result in higher development costs. Another problem that might occur if the

•
•
•
•

The first character is the functions which all clients want.
The second is the functions that not every client want.
The third is the functions that will be optional.
The last one is the functions that are completely customised.
Procedure for modular breakdown (Gustavsson, 1998);
1. Check if you meet the expectations of the customers and 		
where you are compared to your competitors, using a QFD.
2. Establish a functional structure and choose technical solutions
based on goals of the manufacturing process.
3. Identify possible modules with a Module- Indications-Matrix
(MIM).
4. Evaluate
5. Improve
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3.1.3 Semiotics
Semiotics is the study of signs (Monö, 1997). This study was used to enhance the usability and the interaction design of the final product. The goal
was to reduce confusion and the time required to understand the product
by the use of semiotics.

3.1.3.1 Gestalt factors
Some facts of how the human eye and brain work tell us how gestalts are
interpreted. The proximity factor, the closer the parts are the more they
form a gestalt together. The similarity factor, if the parts are alike they appear as a whole. The symmetry factor; if parts are symmetrical they give
the impression of being a whole. The good curve makes us see arrangements, parts which form a curve even if it is just dots or an incoherent
curve (Danielsson, 2001).

3.1.3.4 Semantics
Semantic is a semiotic studies where the messages of the signs are interpreted. The communication of semantics can be summarised in a triangle
with; thought, sign and referent in its corners, where the user who is manipulating the object receives feedback from it. At first they look at the reference from the object, then they receive the references sign and then they
interpret the thought that came up when looking at the sign and the circle
starts over. When creating semantic forms the key is to use paradoxes, parallels and conflicts which gives instructive symbols to the user of how to
handle the product (Butter and Krippendorff, 1984). If one more semantic
function is added, the messages would not be double, instead the choices
will increase according to a logarithmic function (Shannon, 1948). The
communication between the product and the user lies in the appearence
of the product and how it is interpreted. The products totality and its individual parts is a part of a complicated language (Parr, 2002).
Semantic functions:

3.1.3.2 Simplicity
A gestalt is created when several parts appear and function as a whole,
they create something that the parts would not have been able to do. It is
important to understand that the object is a whole. Some gestalts stand out
more significantly than others, this is because we can discern the simple
most easily. When looking at objects we can see if there is any deviation
from the basic forms. We notice it right away and we experience incomplete forms as complete. These gestalt factors can thereby be summarised
in the term simplicity. If we use simplicity when designing the signs become clearer and we can use these gestalt factors to signal to the user how
to use the product (Monö, 1997).

3.1.3.3 Noise
Annoying sounds like the noise of an engine is not completly undesirable
Because these sounds are interpreted and the bus riders understand that the
bus driver has started the bus and that it is about to move. The click of a
camera when closing the back cover tells the user that it is properly closed.
These sounds are also signs that need to be connected to the visual signs
of the product (Monö, 1997).

• Describe
These details tell the user how to manoeuvre the product.
• Express
The shape of the product reveals something about it, for example; it is solid, has good quality or is luxurious.
• Exhort
A signal never needs to be interpreted because the receiver
automatically knows how to handle it. If the phone rings you
usually answer without reflecting about what noise it is and
what it wants you to do.
• Identify
Identifying is about expressing the product as a whole, its function and properties which are intended to do something. It can
also be about identifying the products origin, its placing, its
category or the cooperating identity (Monö,1997).
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3.1.4 Ergonomics
When designing interactive products some ergonomic aspects need to be
kept in mind. During the design of a handle it is for example the anthropometry of the hand and the height of the shoulder. Injuries will be reduced if this information is taken into consideration because the product
will be designed appropriately.

205

3.1.4.1Anthropometrics of a hand
The measurements of the different parts of the hand are important to
consider when designing a handle because it needs to fit the users. The
problem is that every person is different and depending on which part of
the world you come from, the way of making measurments differs. The
dimensions of the hand which are used in this project are taken from
British adults (Pheasant, 2006), figure 7. These measurements are only
a clue to how to design the handle since the proportions differ around
the world. The dimensions which are used apply to 95 % of men. Men
are the over majority of workers, according to a Solution Architect
from ERICSSON in France, therefore dimensions from men are used.
The hand can work in different positions, for example with the fingers
(precision grip) or the whole hand (power grip), figure 8. On most handles a power grip is used and will probably also be used in this case. The
recommendation for the diameter of these two grips are 7,6-15,2 mm
(precision) and 31,6-44,5 mm (power) when an adult hand is using it (Cacha, 1999). The recommended length of the handle for a power grip is
minimum 100 mm but 110 to 120 mm is to prefer. Although it is good to
keep in mind when working with ergonomics that a person used to apply
a crowbar or an adjustable spanner would use the handle differently than
a person who is used to use his fingertips to work the equipment (Monö,
1997).

3.1.5 Aesthetics
Attractiveness is about understanding the product and feeling for the product which can be achieved in many different ways (Monö, 1997). Sometimes humans have found beauty
in the nature and sometimes in strict geometrical shapes. Often it
is a matter of different taste but if humans unite in front of a truly
beautiful item most people can agree it is beautiful. The opposite of beautiful is ugly but in between there lies the dull and neutral (Tjalve, 1989).

Figure 7. The dimensions of a hand.

Figure 8. Power and precision grip (Encyclopedia Britannica, 2004).

Aesthetic items have some characteristics in common. The most significant characteristics are about uniformity and order. The product
should emerge as a unit where the different parts are united and following a logical and harmonic pattern. Most industrial products are
made according to geometrical shapes. They are also made with vertical and horisontal lines as a base, as it comes natural for humans to
think in directions which are represented in nature. (Tjalve, 1989).
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ERICSSON has some design guidelines which all their products follow.
Their guideline foundation is strict geometric shapes. These guidelines
are explained in paragraph 3.4. Their products are supposed to blend
into the environment and not attract too much attention. The issue when
designing something simple and modest is to avoid that it ends up being
too dull; the item still needs to sell and be attractive. A logic, harmonic
and united product was the goal. To reach these goals some general aesthetic guidelines were used, see paragraph 5.3.

3.1.6 Marketing at the industrial market
The customers of the locking handle are not regular people on the consumer market. The product is sold to the industrial market and this
results in a completely different negotiating process. Compared to
consumer markets, the industrial market does not have temporary consumers or only one consumer; instead it has long and complex relations
with its customers. The demands are important and registered in measurable properties which live up to the goals of the customers the company
has. The environment has a huge impact on the purchasing behaviour,
especially the economic development in the world, available technology
and politics. Also important are factors like the goal of the organisation,
their rules and interpersonal relationships like authority and status. Compared to the consumer market, where the consumer is the major priority,
the consumer is last in the list of importance in the industrial market.
Influences of generation, income and personalities are usually not something that will conflict with the contract (Parment, 2008).

3.1.7 Customer and user
The users of the locking handle are the people who work with the equipment inside the cabinet, for example the maintenance personnel. However in this case the customers of the handle are the companies who buy
and use ERICSSON products, for example Telia Sonera (Sweden) and
AT&T (US). The individuals that are influencing the deal are the purchasers, the decision makers, the users, the experts and the gate keepers who transport the information and who can choose to ignore certain
information (Parment, 2008). The final design has to be attractive to the

purchasers and the decision makers of these companies when they
first see the cabinet at a fair or a sales meeting with ERICSSON.
The design of the handle has a major impact of the impression of the
entire cabinet, because it is the major decoration of the cabinet. Its
design is more detailed than the cabinet’s and this is the place where
the customer can interact with the object by trying the handle. This
also gives the first impression of the quality and the pragmatics of
the entire product.

3.2 Form and function analysis 1
A form and function analysis is a method were the product’s form
is analysed through its surfaces and their functions. It is a semantic method which identifies the limits of variation, (Monö, 1997),
see figure 9. This was conducted to understand why the swing handle looks like it does and what kind of functions it has. The functions that work well are potentially worth using on the new handle and can be listed in the requirements list (Österlin, 2003).

3.3 Benchmarking
A market analysis was carried out to find out what kind of
products the competitors have to offer, and to get an understanding of what already exists in the locking system market. The research was also made to see how the
different
companies
have
divided
their
modularity.
The main focus was on these different companies; Industrilås (www.industrilas.com, Sweden), EMKA (www.emka.
com, Germany), Southco (www.southco.com, US) and Dirak
(www.dirak.com, Germany). Overall there are lots of different swing handles, (see figure 10), on the market and they are
made of plastic (PA6), zinc or stainless steel. There are also other kinds of handles for example lift handles, but swing handles
have the leading position. Lift handles are opened by a movement which is made straight up or down compared to a swing
handle which opens through a swing movement to the side.
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In the market modularity is divided in different ways. Sometimes it
gives an incredible opportunity to choose, everything from material to
the locking mechanism. Even a small detail as a lid over the locking cylinder makes it modular. Standards can also result in modularity. For instance some companies buy the locking cylinder from other companies
since there is a standard for cylinders. Also the way the locking system is
integrated in the door is a kind of standard. To avoid the situation where
customers will buy another kind of locking system than ERICSSON’s, the
cabinet will have a hole which only fits ERICSSON’s own locking mechanism. There are different locks to choose between: cylinder lock, padlock,
code and electronic solutions which give a keyless system, see figure 11.
Opening without keys can also be made with an electromagnetic-solution (ID-tag) in such case it is necessary to have a power provider connected to the locking mechanism. The research showed that the padlock
and cylinder lock are most common and a combination is not uncommon.
A research of the locking mechanism market was undertaken to see the
possibilities to change the locking and opening function. The main focus
was on the companies ASSA (www.assa.se) and KABA (www.kaba.se).
KABA has one product that provides the possibility to open with both a
key and an electromagnetic ID-tag. The research also included an overview of what competitors have to offer for example Huawei (www.huawei.com). The conclusion is that most cabinets look more or less the same
but the detail design can easily show which company the cabinet is made
by.

Figure 11. The research of the existing market showed that most common locks are
padlocks and cylinder locks.

Figure 9. Form and function analysis of a swing handle.

Figure 10. One example of a swing handle from a cabinet in Japan, which is
from an unknown company (Takashi Harada, ERICSSON).
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3.4 ERICSSON's design
One important part of this project is to follow the design guidelines
ERICSSON has established and used on their latest products, see figure 12. A visit to ERICSSON Studio gave a new insight into ERICSSON, what they want to achieve and the feeling they want to convey to
the customers. At ERICSSON studio the company invites customers and
other interested parties to the showcase of their products, the history of
ERICSSON and what ERICSSON is doing for the sustainable development of the world. The focus of ERICSSON is in the network society. A core idea is to make life easier with all the possibilities the right
technology can achieve, by for example helping humans in hot spots
and also to use their knowledge in partnerships to prevent accidents.
According to a Senior Designer at Industrial Design, the three words
that form the foundations of ERICSSON’s work are respect, professionalism and perseverance. These three words were interpreted and the result
is presented in three moodboards, figure 13. The mooboards are made to
visualise the feeling the product shall follow and show and also to give
inspiration during the working process (Wyatt, 2013). The moodboards
also prevent the design process to get stuck by helping the developers to
think outside the box. Some feelings the moodboards express and the final
product shall show is premium, usable and technical development. These
things are important for ERICSSON and their costumers have these expectations of the products.

Figure 12. Some of ERICSSON’s products.

Figure 13. The mood boards of perseverance, respect and professionalism made in this project.
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3.5 Aura - locking cylinder
KABA is the manufacturer of the locking cylinder Aura which ERICSSON is using today. One of the requirements is that the customers will be able to use the same key with the new locking system as
they do today. Because of this, Kaba must design the locking cylinder of the new locking system. A meeting was arranged with the
CEO, Chief Engineer and Sales Manager of the region, to get more
information about the possibilities and facts that the cylinder has.
The locking cylinder has a diameter of 20 mm and can fit in a standard house from KABA, which can be practical when different locks
shall be used, for example electronic ones, (figure 2 in appendix 1).
One benefit with a standard house is the possibility of choosing an electronic lock from KABA which has the same interface as the house. But if a
standard house is used the customers can exchange the locking house into
another and then ERICSSON can not guarantee the quality of the cabinet
anymore.

3.6 Vandalism resistance
Resisting vandalism was another important requirement. According to a
Solution Architect at ERICSSON who had experience from the field, vandalism such as hitting the door, jumping on the roof, spraying the surface
and gum placed at the cylinder’s surface was common. Sometimes people
also try to break in to the cabinet, because they believe it contains copper. The demands of the previous handle and lock were a lot harsher, they
should resist robbery, but in this project the demand is set to two lower
standards because the product needs to be cheaper. The standard ERICSSON wanted the handle to survive was the vandalism standards RC1 and
RC2.

3.7.1 RC 1 & RC 2
The requirements of vandalism resistance are taken from the Swedish
standard SS-EN 1630:2011 and SS-EN 1627:2011 which describe what
the cabinet should resist during a burglary and are named RC 1 and RC 2.
The difference is the time limits and what kind of tools that are used. One
example of a tool which is included in the vandalism standard class is;
polygrip piler more of them can be seen in figure 3 in appendix 1. There
will not be any tests of the final product with these tools to see if the lock-

ing system will be resistant against it but it will be kept in mind to avoid
designing a handle which breaks too easily. RC 1 has no time limit during
the test to break it. RC 2 has a time limit of 15 min and a resistant time of
3 min.

3.8 Requirements
To get information of what the customers really wanted some meetings were arranged with employees at ERICSSON. The employees
came from different units at ERICSSON in Kista, Sweden, system
management, customer support, industrial design/usability, quality audit and mechanical design department. One meeting was especially rewarding because it was in direct contact with employees from BUGS
(Business Global Service) who work for ERICSSON in the US.
The desire was to find out what the customers asked for
as there was no possibility to get in direct contact with the
end users. The main requirements which revolved around
the key and locking system during the meeting were.
• It must be possible to use the same key (from KABA) as today.
• Different customers want different kinds of locks, for example
cylinder or padlock depending on the cost and flexibility.
• Some kind of code lock or ID-tag to avoid using keys. But the
soloution can not be too fragile and must work at all times.
Other important requirements according to usability and wishes both from
ERICSSON and customers were;
•
•
•
•
•
•

Simple and functional
Easy to use and understand
Resist vandalism
Weather resistant to outdoor use
Sustainable and quality design
Function together with the rod and
latch system in the cabinet.

The final product must meet the requirements from both ERICSSON and
the customers, see table 1. The requirements are either requested or desirable. Every requirement has a scoring from one to five which will be used
in the project, for example in a concept selection matrix during the concept selection. The aim is to make it easier to see the difference between
the concepts. The score was given according to how important the require14

ments seemed to be. The information from ERICSSON and common sense have been used to set the points, on a scale from 1-5 (1= not necessary, 2=not important, 3=important, 4=quite important and 5=very important), depending on how much the requirement is important to get a better usable product. The requirement is marked in the
table and also its goal which hopefully will be reached so the product becomes top premium. The most important requirement from ERICSSON was that the product shall
follow their own design since they want to have this kind of product in their product catalogue. They already use a product which they think is easy to use and understand
but it is not a Ericsson product, and because of that a chaning is important to a product which they think fulfill their and their costumers desirables. An access to the locking mechanism is desirable but most important is that a locking cylinder is working with the solution accordning to ERICSSON.
Table 1. The requirements matrix.
Requirered/
Desirable

Weight
1-5

Requirement

Definition

Requirements from
Ericsson or costumers

Goal

Requirement

CE

KABA Auroa cylinder

KABA Auroa cylinder

C

Yes

Padlock

Functions
R

5

Possible to use the same key as
today

The same cylinder lock which is used today must be able to use.

D

3

Access to locking mechanisms

Without Ericsson’s services a lock can be bought and new keys can be made.

D

1

Keyless system

Be able to use another opening system than key.

CE

Yes

No

R

5

The door must be close tight

Rod and latch system must be used to avoid moisture inside the cabinet

E

The same as today

Changes are ok

R

5

Modular

The product shall with (X) part as possible become changed so it is possible
to use the different locking mechanisms.

E

1

3

D

5

No other possible solutions

The hole(s) to fix the system must be unique to avoid the costumers buying
another locking system from another company.

E

Yes

Yes

R

5

Sustainable to outdoor use

The product must be made to survive X years outside even if it is warm or cold
climate.

CE

15

10

R

4

Withstand vandalism

The product must withstand vandalism according to the standards RC1 and
RC2.

CE

RC1 & RC2

RC1 & RC2

D

5

Do not break down easily

Few mechanical parts and not easy to destroy just for fun.

CE

2

4

Quality

Use
D

4

Good ergonomics

A shape which not hurts the users. *

C

Yes

Yes

D

4

Easy to understand

The product shall look how it works. In other words, the user shall understand
how it works when they see it. *

CE

Yes

Yes

D

4

Easy to use

Helps the users to get force enough to open the cabinet. *,**

CE

R

5

No collisions

If two cabinets are placed beside each other the handles shall not collide with
each other.

CE

Yes

Yes

R

3

Left or right opening

The hole(s) to fix the locking system must be somewhere in the middle of the
door so it is possible to turn the door upside down to get left or right opening.

CE

Yes

Yes

R

5

Ericsson’s Design

Shall fit in at Ericsson’s product catalogue to make the product recognisable. *

E

Yes

Yes

R

4

Maximum width 67, 6 mm

The air grind is placed 67,6 mm from the edge at the door so the product can
not be wider. The length is undefined.

E

Yes

Yes

R

2

Different levels of security

A cheaper product do not need to have the same security.

CE

Yes

Yes

R

3

Low transport costs

The product shall be manufactured at (X) places as possible to avoid high cost
for the transport and also to make more environmental friendly production.

E

5

1

R

5

Cost effective material

The material shall be cheap to buy and process but still be sustainable for the
product. *

E

Yes

Yes

R

5

Easy to assemble

Easy to understand how to fit the few parts together. *

E

Yes

Yes

R

3

Environmental friendly

Choose material which is recyclable and easy to disassemble the product
when not in use anymore. *

C

Yes

Yes

Style

Price

*) These requirements are not possible to measure so they will
therefore be tested by people to see if they are fulfilled.

**) The force that is needed to open the cabinet is unknown.
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4. Idea generation

Iused
dea generation is the phase of the project when focus is on the solutions and the creative phase is starting. The methods which are
are meant to stimulate creative thinking and widen the area of solutions to the problem (Cross, 2008). The product creation

process was used to gain an overview of the different options as well as other idea generation methods to welcome ideas from every
direction. The modularity is a central part of this problem and the possibilities were explored by modularity methods.
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4.1 Summary of the idea generation
The first step of the idea generation was to find the fundamental structure this was done by free hand skething at the same
time as inspiration was collected. To gain more ideas a 6-3-5 session was held with focus on the mechanism. The ideas were
then tested when they were made into models of paper. The handle was then explored further with a method called metaphors.
The second is to set the quanitative structure, here the ergonomics were considered in the shape of the handle and the height of where
it is placed. This was conducted with the method; structure variation.
Both the technical soloution and the handle were elaborated with this
method to find all possible options and to be able to compare them.
The focus then changed to the locking mechanism. The structure variation method was used to find the options of where to place the lock
and how it could work on these places. After these steps several modularity methods were used to explore were the interfaces should lay.
The third step is to find the overall shape and involve semiotics and
aesthetic aspects in the creation of some concepts. The concepts were created in Solid works and then printed in 3D.

the cabinet. When starting to consider the movement of the rod, two arrows were drawn beside each other to show the directions of the rod
and the handle, see figure 15. Then it was easy to generate ideas about
the many possibilities which could be created with these movements.
Some inspiration came from Tekniska museet (technical museum, www.
tekniskamuseet.se) and Polhem´s mechanical alphabet which demonstrates the basics of mechanics. This gave a better understanding of how
to transfer one movement into another. Some inspiration also came from
the colour and forms at Liljevalchs spring festival (art, www.liljevachs.se)
and Fotografiska (photos, www.fotografiska.eu). Further research needed
to be made to understand how to create the mechanical movement. Studies of existing products were done and inspiration came from door locks,
gym machines, trash cans and so on. Some inspiration was also found

4.2 Fundamental structure
The next step of the product creation process is to find the fundamental
structure. A fundamental structure can also come under the name solution principle and during this phase only logical connection of elements
are acknowledged not the quantity, spatial arrangements and dimensions.
When interconnections are made of sub functions the result is variations
of the fundamental shape (Tjalve, 1989).

4.2.1 First ideas of how the product
can be designed
In the beginning all three sub functions needed to be looked at as a unit
and the ideas had no limitations. The first ideas of how to solve the
problem should be drawn to visualise and compare them to the problem
(Cross, 2008). Sketches were made and simple ideas came up that would
increase the comprehension of the product like having the handle horizontal instead of vertical. This idea was excluded because the space beside the fan on the door is too limited (only 67 mm), see figure 14 of

Figure 15. For example if the handle was pulled
up, an arrow pointed up and the rod was supposed to go down with the help of this movement.
These arrows gave the first ideas.

Figure 14. The cabinet.
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4.2.2 6-3-5: Move the rod
on You Tube where animations of mechanical parts helped to understand
how different movements could be transformed into another movement.
For example a video of some gears were found, showing the possibilities
gears have. This gave new inspiration on how to solve the problem, figure
16.

At one point during the project when ideas were lacking and more inspiration was needed a 6-3-5 session (IfM, 2013) was held with the employees
(mechanical designers) at the mechanical design unit. This method means
creating many ideas in a short period of time, which was desired. Quick
sketches were made on a paper that circulated around the participants.
With the help of new and experienced eyes the possibilities of the moving mechanism was explored. The session gave a lot of suggestions where
different movements were included for example pivot point, lifting, push
and motors. To make some of the ideas more realistic small models were
made in hard paper with foam, see figure 18 a and b. These were made
to describe the moving mechanism which is necessary in order to move
the rod and latch system that opens the door. Some of the ideas of how
to move the rod and latch system were up, down and spinning, see figure
17.

Figure 16. The inspiring gear.

Figure 17. Some of the ideas which were created during the brainwriting method 6-3-5.
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During the process inspiration was taken from these six critera.
The circular cross section at the handle for example is important
to make the handle comfortable to use. The handle should be
round especially on the inside were the grip is firm but the outside
can be more flat, since that is more in accordance with ERICSSON’s design. The length of the handle is also very important to
get enough lever.

Figure 18 a and b. Two of the models of how the rod and handle can be moved.

4.2.3 Ideas of the handle
After the mechanism had been explored the focus shifted to the handle instead. To enable the opening of the cabinet the locking system needs a handle. The purpose of the handle is to facilitate the transmission of force from the musculoskeletal system of the user to the
door (Pheasant, 2006). How can the handle’s appearance express a
movement and be ergonomically designed for a specific move? Handles, knobs, buttons and wishful thinking were some of the ideas.
In the following list six criteria are listed which are important to think
about when designing a handle (Pheasant, 2006).
1. It is better to exert a thrust perpendicular to the axis on a
cylindrical handle than along the axis. In this project it means
a swing movement seems to be better than an upwards movement.
2. No pressure spots, which means no shapes with
sharp edges which can hurt the user. The minimum
radius is recommended to be 25 mm where two planes meet.
3. Circular cross section at the handle is more comfortable but might not
provide as much force as a rectangular or polyhedral cross section.
4. Surface texture is important and shall not be either to smooth
(slippery) or rough (abrasive).
5. The length is important, not to short but not too long either.
6. The handle shall be equal for right- and left handed people because
approximately 10 % of the population are left handed.
(Pheasant, 2006).

Figure 19. Some sketches from the ideageneration phase.

4.2.4 Metaphors
To not get caught in the ordinary handle market a playful session was
held where some famous people were chosen to give inspiration to the
new handle. The method gave new and vivid ideas which were developed later on in the process, see figure 19. The question was; how would
X make this handle? The people chosen were; Zlatan Ibrahimovic´ (football player), Angelina Jolie (actress), Håkan Hellström (singer), Ivar
Inkapööl (teacher), Damien Hirst (artist), Mona Lisa (from the famous
painting), Kirsten Dunst (actress), Bananas in pyjamas and Sune (from
children TV shows). The people were chosen because they have special
personalities and could give new insights to the problem. They are famous in different areas and could provide various ideas. One example of
the ideas was a bigger house for the handle with room for several locks
or at least two locking cylinders, one to open with a key and one to open
with an id-card. The key will always be needed as a backup if the electronics goes out. During the session more questions came up and the answers can be seen in paragraph 4.3.4. For example; Where to place the
cylinder?
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4.3 Quantitative structure
At this stage the solution elements are expressed and a decision of where
they should be placed is made. The method structure variation is used to
set quantitative structures. It is also used to get a number of suggestions
in order to come up with one that can be characterised as good. This could
be applied on the entire system but also in only one partial system. Some
visualisations can be used to explore the possibilities, especially when it
comes to more complicated systems, sketching is now insufficient (Tjalve,
1989). The elements were put together in different ways with a structure
variation method.

tainty whether the users would get enough force only with their fingers
and hand to open the door. A lever arm would solve that problem and
therefore the spinning function would still be developed, but only with the
swing handles. Another object which made the spinning function doubtful
was the design. It would not be possible to make a locking system that follows the design ERICSSON wants, as the handle would not be integrated
in the door and this was an important demand from the design department.

4.3.1 Collection of the first ideas and discussion
After some weeks when the ideas were more elaborated and designed a collection was made. Then a structure variation method was used to make sure all ideas were on the table. It was important to have an overview of the different solutions and to
have something to make decisions from. A review of all the ideas was made and they were divided into five different categories;
•
•
•
•
•

Push
Pull
Spinning
Lift up and down
Lift from the side

A structure variation method is used to create all possible variations of
every technical solution (Tjalve, 1989). The ideas were divided in their
main functions such as lift or pull. Then some alternatives of the mechanism were developed by starting from six shapes, a gear, a link, a pivot
point, two kinds of handles and a slide, see figure 20. One to three functions in every function group seemed to work. When the overview was
made it was easier to have a discussion about the different ideas, push, lift,
swing and pull. The alternatives of the functions at the rear were put together with the matching handle and one version was sketched up while
other variations were described with basic forms of circles and triangles,
see figures 21 a, b, c, and d. Some of the ideas of the handle were removed earlier because they did not fit in the area of seven centimetres beside the place where the air grind is coming and going out from the door.
The spinning and push functions were discussed because there was uncer-

Figure 20. All the possible solutions of moving the rod down when
pulling the handle up.
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4.3.2 Designing with aesthetics in mind
The geometric shapes are the foundation of ERICSSON’s design and
shapes inspired by nature are not according to their guidelines. With
these shapes as a start up point some concepts were tried out with
sketches and in CAD, see figure 22. A lot of shapes were tried out and
the inspiration came from ERICSSON products, like the holes in the fan
and their mast mounted product line, see figure 12. The difficulty was
that the cabinet had much sharper edges than the rest of their product
line for economic reasons. The compromise between these designs was
hard to find and discussions were held about making a rectangular shape
from the front and playing with the lines which only were seen from the
side. This would make the product more interesting.

Lift

Figure 21 b. Different versions of lift.

Push

Swing

Figure 21 a. Different versions of push.

Figure 21 c. Different versions of swing.
21

Pull

Figure 21 d. Different versions of pull.

4.3.3 The working height
The handle is placed in the middle of the door because it needs to be
possible to turn the door upside down to enable opening from both
the right and the left. The height at which the locking system will
be placed depends on how the cabinet is placed at the site. If the cabinet is placed on the ground the handle will be about 0,7 meter up. The
cabinet can be placed above a Battery Back Up (BBU) which has a
height of 0,5 meter and then the handle is 1,2 meter from the ground.
In many cases the cabinet is placed on a beam to avoid flooding and
to make the cable installation easier. The beam can be about 0,2 meter and then the handle can be 1,4 meter above the ground. This makes
it fairly hard to tell the exact working height. But it is important that
that it is possible to use the handle even if it is placed quite high above
the ground. These issues were discussed with the units Senior Industrial Designer, Hardware and Usability at ERICSSON. The designer focused a lot on the working height and it was important that the handle is
not above the shoulder especially for a push solution to be comfortable.
The mean height at the shoulder among the British men is 1455,3 mm
(see paragraph 3.1.4.1 why British men are used). The 5th percentile are
1351,1 mm and 95th percentile are 1559,5 mm which means 5 % of the
British men have a shoulder height under 1351,1 mm and 95 % of the men
under 1559,5 mm. This shows that it will not be a problem if the handle

Figure 22. Some of the concept tried out in CAD.
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is placed 1,4 meter from the ground. But Japan is an example were there
might be a problem since the middle length of the height from the shoulder to the ground of the men is just 1370,9 mm and the 95th percentile is
1457,7 mm. The push function was thereby excluded, it was an interesting idea and if it had functioned properly, it would have been impressive.
However the force would not be enough when the handle is placed above
the shoulder, because then the force of pushing the handle decreases and it
becomes too hard to push.

Figure 23. A padlock solution with a loop.

4.3.4 Where to place the lock?
A structure variation method was used to solve the problem of where to
place the lock. It could either be placed on the handle, under the handle or
above the handle and still be symmetrical. The lock needed to be symmetrical as the door must be able to turn upside down to suit both right and
left handed users. Some ideas of how to lock the handle which fitted in the
three locations were created. There were simple ideas were there just was
a hole in the handle, where the padlock could be placed and a loop through
the hole was attached to the back part, figure 23. This solution is the same
as in one of the existing locking systems. There were also more complicated solutions were the lock was placed under the handle with a connected
fixed link to the handle, see figure 24. To place the lock above the handle was also an alternative. Then the movement of the handle would be
stopped (see figure 25) when it is locked. This solution could also avoid
the possibility to break the handle over the lock and then open the door
with just a half handle.
After discussions about where to place the lock either above, under
or in the handle, the above alternative seemed to be the best, figure 28.
The argument was that the locking mechanism locks the movement to
open the door and it is not possible to open it even if the handle breaks
in the middle. Another advantage with placing the lock above is that if an
electronic lock will be used the wires, which are connected to the cabinet, are not in the way during the opening. If the lock would be placed
in the middle it would become a problem with the wires, if an electronic
lock was used. To place it under the handle is not a good solution because
there would be more parts and the movement of the rod would not be secured.

Figure 24. The lock is placed
under the handle with a connected link which locks the
system.

Figure 25. The movement of the
handle is stopped, which is the
final decision on how to lock the
system.
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4.4 Modularity
Modularity is possible when there is a fixed interface
system (Erixon, 1994). This means it will be easy to
change the different parts of the product depending
on what the customers want. The parts have the same
interface so for example all the locks (cylinder, padlock etc.) can be placed in the same hole in the handle.

4.4.2 The Kano model
The Kano model is a model that explains the aspects that the customer use to assess the product on. The properties are developed in 5 different stages; attractive quality, expected quality,
base quality, insignificant quality and inverted quality (Gustavsson, 1998). Instead of ending
up in insignificant quality, which would be the case if stainless steel would be selected as
manufacturing material, the goal was to achive attractive quality, figure 26. Insteed of using a
sustainable material the design had to contribute to a more sustainable product. Stainless steel
would live up to the requirements but would be a much more expensive choice than a well
designed zinc handle which is more suitable in this case

4.4.1 QFD
A Quality Function Deployment (QFD) is created to
get more satisfied customers and a shorter product development process (Anders Gustafson, 1998). Quality
Function Deployment is a method developed in the
Japanese industry in the 1970’s. It is based on an assessment of customers’ needs and it helps to focus on
the properties of a new or existing product by transforming demands from users to engineering properties
(Pugh, 1994). The voice of the customer is translated
into the language of the company. The purpose is to
assure the quality of the product development process.
Critical processes and components are identified to
know where to put the focus of improvements (Gustavsson, 1998). The properties with the strongest connections in the connection matrix, were prioritised to
achieve in the final product. Durable material seemed
to be the most important criterion, however the same
demands can be met in other ways, for example with a
different design. It is important to take in account how
much is expected of the product, when it comes to
its quality. If the quality is higher than necessary, the
product will not be cost efficient. The quality is a major priority of the quality function deployment (Gustavsson, 1998).

Figure 26. The Kano model
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4.4.3 MIM (Module Identification Matrix)
In this matrix, table 2, each technical solution is assessed against the
module drivers which are described in table 3. The matrix is used to see
which part of the product that is going to be a module by looking at the
summarised total points at the bottom of the matrix (Erixon, 1996). The
different technical solutions depend on three different levels and has
one, three or nine points depending on how much they match the statement. One of the facts of the module drivers is for example, if the technical development goes forward, the product might need to be updated.
In this case, the product most likely to be improved on the market is the
lock, because there is a lot of scientific research around opening locks
without keys. This was shown during the research in a meeting with a
sub contractor. The matrix is also made to see if there is a possibility to
combine two or more parts into one. In this case the handle and the attachment to the door might be able to be one product because they have
dots in the same categories (and almost the same points) and because
of that they are dependent on the same things, for example recycling.
However the function would not be possible if these were the same part.
The winner in this case is the lock, which means it will be the adaptable part which can be changed depending on the customers wishes. The
handle and the attachment to the door can also be modules but the other
parts should be fixed and not possible to change according to the matrix,
see figures 25-27.

Table 3. Modularity drivers, linked to different functions of a company (Erixson, 1996).
Modularity drivers

Function

Development/Design
Carry over

A part or a subsystem of a product that most likely will not be exposed
to any design changes during the life of the product platform. Enables
heavy investment in production technology.

Technical development

Parts that are likely to undergo changes as a result of changing customer demands or technology
shift. It will be important to accommodate the interfaces so that new technology can be introduced
and replace the module in question.

Planned product changes

Parts of the product that the company intends to develop and change.

Variance
Different specification

To handle product variation and customization effectively, a designer should strive to allocate all variations to as few product parts aspossible. (An example is different specifications for voltage in differentparts of the world)

Styling

Styling modules typically contain visible parts of the product that can be altered to create different
variations of the product.

Manufacturing
Common unit

When modularization is used, the aspiration is to make one physical solution to different functional
product variations.

Process and/or organization

Parts requiring the same production process are clustered together. For example, all parts requiring
welding may be moved into a single module to enable atomization.

Quality
Separate testable

The possibility of separately testing each module before delivery to final assembly may contribute to
significant quality improvements, due to reduced feedback times.

Purchase
Supplier availability

Purchase standard modules from external vendors

Post market

Table 2. MIM-matrix the lock got most points and is a candidate to be a module.

Service and maintenance

Parts exposed to service and maintenance may be clustered together to form a service module to be
able to quickly replace and repair/replace it.

Upgrading

Give customers the possibility of changing the product in the future

Recycling
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4.4.4 Padlock and modularity
The goal was to find a solution which can be placed in the same hole as
the cylinder, to simplify the assemling and make it understandable. “The
basic principle is to standardize the assembly process of a family of products while ensuring the product variability,” (Stadzisz & Henrioud, 1998).
The meaning of the solution is to give the locking system its modularity
through a changeable locking mechanism which works in the same way in
the two cases and just small changes need to be made on the whole product. If the locking cylinder would be placed on the top of the handle, a
cam could be rotated to block the movement of the handle from behind.
One idea was to use the same principle that the locking cylinder has, where
one part is fixed and one is possible to rotate, so the cam which locks the
handle can move to a closed position. The idea was to have three loops,
two at the fixed part and one at the rotating part in the middle. In between
these loops the padlock would be placed to lock the handle, see figure 27.
The structure was made in CAD with five different parts, see figure 28,
since that is the minimum number of parts to get a fully working solution.
The different parts are numbered to simplify the description of them. The
idea is to assemble number 1 and 2 and then put them through number 3
which later becomes fixed in the door with screws. Number 4 and 5 are
the last things to assemble around number 3. Number 4 and 5 are connected with number 1 through the cam, so when the red part is rotating
the black also rotates and the handle will be locked or opened. Number
4 has a cam which locks the handle from movement. Number 4 and 5 are
separated into two parts because it is necessary for the assembling to work.
The interface where the cylinder is placed needs to fit both the locking cylinder with keyhole, the cylinder with padlock and an eventual third
solution which also will result in higher security, a combination of a key
and an id-patch. Today one key is used for all cabinets and it needs to be
fetched at a key centre which keeps all the keys. If someone who has access to the keys is fired the former employee can steal a key and then enter
any of the cabinets. An id-patch electronics can be used to make sure that
only a person who is supposed to have access to the cabinet has access to
it during a certain time when it is his job to work with it. The maintenance
employees can each have their own key and do not need to fetch it somewhere else. To be able to enter a cabinet, even when the power is cut, the
key part of the id-patch could be used to enter the cabinet with mechanical
forces. KABA has a similar one but ERICSSON will probably make their
own version which fits the interface in the handle, as they have employees
who can develop such electronic products.

Figure 27. The idea of how the padlock is working in the same way as the cylinder
lock.

Figure 28. The parts of the locking mechanism as they looked in this phase, in an
explode view and assembled together.
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4.5 Overall shape
During the concept generation stage the overall shape of the product
is considered. The overall shape is another phase of the creation process and is the part were the ideas are turned into concepts. This phase
is more or less important depending on the purpose of the product and
how much the aesthetics influence the outcome. Function flow variation
method and form variation method can be used to gain control of the
variations were it comes to number, placement, form, geometry and dimensions (Tjalve, 1989). During this phase the different ideas were put
together and the parts were looked at as a united shape with the function
in focus.

4.5.1 Designing with semiotic
The shape can be explanatory to the user by giving clues. They
are different depending on which one of the handles; lift, swing
and push they are standing in front of, see paragraph 3.1.3. A
lift handle should look like it is possible to lift and absolutely not turn. It should also be understandable where the point to
grab the handle is. An idea to achieve this was to make a bulged
face which makes it possible to grasp under it and pull up. This
is an opposite of a lowered face which tells the user to push.
The depth on the inside of the door is not very big and behind the handle the door is bent inward again. This means the room for the handle
and the mechanics is only 30 mm. When the ideas were developed rough
sketches in a CAD program (Solid Works) were made to see how they
would appear in their proper dimensions, and also to try the function to
see if the proper dimension would change something. The different ideas
were discussed and mostly lift-functions were developed. This was done
because the swing handles in use today are in some cases confusing for
new users. There is a few cases were the handles have broken because
the user keeps pushing them upwards when they should turn them. More
detailed designs were made and the focus was put on how to express the
functions. The main parts of the handles had simple shapes. The more
distinguished shapes expressed the function and made it easier to understand.

4.5.2 Concepts
Form variation method and function flow variation methods were used to
complete some concepts in Solid Works. All lift handles (integrated, grip,
curve, lip, cut away and triangular cut) have an edge on the side to show
the user that the only way to move the handle is to lift it straight up. It is
not possible to swing the handle to the side because of the edges. There
are also two concepts of swing handles; unsymmetrical and cater corner.

4.5.2.1 Integrated
A slim and robust solution which is integrated in the
door, only some millimetres are protruded from the
door. The face is a bit bent to make a premium impression. A submerged ellipse is made to show the
user that it is possible to push there with a thumb or
a finger to make the handle pop out and the door is
possible to open.

4.5.2.2 Grip
The handle is made to provide a grip around the
sides, which is shown in the design by giving the
handle dimples on the sides which enables grabbing
of the handle.

4.5.2.3 Curve
A bulge at the end of the handle shows were to pull
up the handle. The meaning is to show the user to
grip under the small “hill” and then lift up the handle.
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4.5.2.4 Lip
A lip which is a bit outgoing from the handle
gives the user a sign to grip and pull up the handle. The lip is the only special and outstanding
detail. It takes all attention and gives a clear signal to the user.

4.5.2.5 Cut away
A discrete solution where the only possibility
to grip the handle is at the bottom. The sides of
the back parts follow the handle the entire way
down. At the bottom of the handle there is a cut
away which makes it possible to grip and pull
the handle upwards.

4.5.2.6 Triangular cut
This solution shall appear to be more integrated without being integrated, to avoid making a
redesign of the door of the cabinet in order to
make room for the locking cylinder. With the
tapered handle which smoothly goes toward the
surface of the door.

4.5.2.7 Unsymmetrical
This unsymmetrical handle shows the swing
movement through the cylindrical cut in the
back part. It signals to swing along the hole.
To simplify the flotation of the handle there is
a small cut along the handle which is enough to
get a grip around it.

4.5.2.8 Cater corner
On this handle the grip point is found intuitive because of
the shape which is slightly outgoing in an angle from the
back part to the front part. The top is shaped according
to how the handle will rotate. It is cut away at the side in
which the handle is not possible to turn. Thereby it is only
one possibile direction to swing the handle which is to the
right.

4.5.3 Aesthetic guidelines
In paragraph 3.1.5 the importance of creating order and uniformity was
discussed. To manage to create this some guidelines can be used. They explain how to put these geometrical components together in an aesthetical
satisfactory manner (Tjalve, 1989). These guideline has been re-emphasised and the relevance to user interface design is understood. They are
considered to be useful even though they are difficult to put into practise
(Ngo, 2001). The guidelines are not always possible to follow since the
aesthetics needs to blend in with other qualities. Because of this the intention of the product becomes important. Perhaps the intention is market driven or perhaps it should follow the function. Or maybe the intention is to follow the geometric and propotional rules, but this will
require a great liberty of form. The conclusion is that guidelines should
be looked upon more as a basis for the product designer (Parr, 2002).
• Visual balance
At first the balance should be considered, weather the components should have symmetry or if the elements should be
distributed with the same load but asymmetrical. A clear choice
between symmetry and an asymmetrical approach is to be preferred not to result in skewness (Tjalve, 1989.) The asymmetry
was an alternative for the swing handle to signal in what direction to move the handle. Symmetry was the most appropriate
choice for the lift handle where the movement was straight up.
• Rhythm
Order is more important with higher complexity, however order
alone will make the item dull. To get more of a thrill and variation, rhythm can be used by changing the dimension, number,
location, shape and colour (Tjalve, 1989). If possible connections were used between the radiuses and the distances. Many
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times they were completly similar but sometimes the similarity
was broken to create rythm.
• Proportion
The greatest impact on whether a product is to be considered as
appealing is probably the proportions. The golden section is often
used here. It is a mathematical relationship between two lines
A/B=B/A-B. The same proportions of the different elements is
another strong way of creating order and harmony (Tjalve, 1989).
By having the same proportion as the cabinet, the proportion
would repeat itself and create rhythm. Some golden relationship
could also be used. The top of the product where the cylinder is
and the handle sometimes had this relationship. The connections
distances were also used on the triangular cut which was parted in
two places insteed of one and this provided additional opportunities.

ate, see picture 29. The models were tested to see whether the semiotic
aspects were easy to understand and also to see whether the size of the
handles were right or not. The overall summary of the 3D models was
the sizes, many of them felt a bit small and short. The only one that felt
appropriate in its size was the lip-concept which was longer because of
the lip. The ergonomics of the handles needed some adjustments to fit
the hand better. They needed to be thicker with rounded edges, so the users do not get hurt according to the fundamentals of handle design from
paragraph 4.2.3. Another observation was that the thinner concepts like
the curves and the lips were better matched with the cabinet than the
thicker ones. However it is necessary to have a thicker model than 10
cm on the outside to make room for the locking cylinder at the rear of
the cabinet, since it is 40 mm and the depth at the back of the cabinet is
30 mm.

• Lines and planes
The elements are a part of the total unit and the lines between
these elements will affect the impression of the whole item. The
lines therefore have to be seen in relationship to each other. They
will also need to have the same character such as straight, curvy
or angled (Tjalve, 1989). The lines were played with especially
on the version of the lip were the chamfer followed the line of the
lip.
• Means of expression
The products expression is also to be considered weather it should
express lightness or stability and heaviness (Tjalve, 1989). Most
concepts expresses stability except the Cater corner-concept
which has a much lighter expression. The stability reflects the
design guideline established by ERICSSON.

4.5.4 3D-printing
No matter what kind of product is being designed a shape modelling could
be of help (Tjalve, 1989). The concepts which were adequate for further development were made in a 3D-printer to get a real and fully working test
model to see how the form and appearance were working in their real proportions. The 3D-printer builds the model from a CAD file in polycarbon-

Figure 29. The concepts which have
been made in a 3D-printer right after
the production.

4.6 Conclusion of the idea generation
To conclude the generation phase the lift function and the swing function
were considered the most appropriate choices. With a changeable lock
that is placed over the handle for security reasons. The handle should
have a form that follows the function. It should also be comfortable to
hold and follow the design guidelines of ERICSSON to provide a coherent approach.
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5. Concept selection

Tcustomer-focused
here are many different ways to choose the final concept and if the selection is done by a selection method the final product has potential to gain these benefits; a
and competitive design, better product-process coordination, reduced time to product introduction, effective group decision and documentation of the

decision process (Ulrich & Eppinger, 2008). The selection started with a dicussion around the concepts to begin the reasoning about the choice. Then a concept selection
method was used, to get a more precise result because it excluded the less suitable concepts.The result of these methods were discussed with ERICSSON employees and
resulted in a final choice. After the selection the requirements should be followed, the final product should satisfy the customer and the user of the product.
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5.1 Positive, negative and interesting with
the concepts

Table 4. The positive, negative and interesting each concept has.

The concept selection in this project was done in a discussion
between outsider people and people which were familiar with
the developing process. They knew about positive, negative
and interesting qualities of the different concepts, how to find
the benefits with each concept and use those in the final concept. If the concept had more disadvantages than advantages
the concept was not good enough for further development.
Each concept has an interesting fact and is also worth thinking
about when the final design is to be made. The facts are collected in table 4. The Lip, Curve and Grip expresses where to
grip. The Triangular cut and the Integrated have an integrated
and slim design. The most common negative note was the design. The Lip, Curve, Cater corner and Cut away need to be
more coherent.

Concept
Lip

Curve

Grip

Triangular cut

Integrated

Unsymmeterical

5.2 Concept selection matrix

Catercorner

The selection also includes a concept selection matrix to narrow down the number of concepts (Ulrich & Eppinger, 2008).
This matrix is used to see which of the concepts has most in
common with the requirement list. This is done by using the

Cut away

Table 5. The concept selection matrix.

Weight
1-5

4

Requirement

Withstand vandalism

Lip

2

8

Curve

3

Grip

12 4

Triangular
cut

16 3

12

Integrated

4

Unsymmetrical

16 3

Catercorner

12 3

12

Cut
away

3

12

4

Good ergonomics

4

16 3

12 5

15 3

12

5

20 4

16 5

20

4

16

4

Easy to understand

5

20 5

20 5

20 3

12

3

12 4

16 4

16

3

12

4

Easy to use

5

20 4

16 5

20 3

12

5

20 4

16 5

20

4

16

5

Ericsson’s Design

4

20 3

15 5

25 3

15

4

20 4

20 3

15

4

20

Total points

20 84 18 75 24 96 21 63

Ranking

5

3

8

7

1

1

3

8

21 88 19 80 20 83
3

2

7

5

5

4

22 76
2

6

+ Positive +

- Negative -

! Interesting !

Clearly where to grip.

The “lip” pops out from
the rest of the design.

The shape is bend in one direction. Sober
and clear shape.

Distinct at the front where to grip and
open the handle.

The curve is discern from the rest of the
design of the handle

Pleasant shape to use

Grip point distinct from the front and side.

Big fingers need big grip point -> not so
slim.

Structure which gives grip.

Integrated even if it is popping out.

To angular.

Rounded shape shows the lifting function.

Slim design to the door.

The door needs to be thicker.

Push function.

Clear swing function.

Unnecessary material.

Thinner handle -> easier grip.

Only possible to swing in one direction.
Grip the handle naturally and unconscious.

Not so slim to the door. The grip is not
visible from the front.

Not small details for big fingers.

The “lip” is smooth with the handle.

The design is not so attractive.

The function is visible.

points they got through a discussion. The requirements which
are used in this matrix are those that the concepts did not have
in common with each other. For example all the concepts have
the possibility of using different locks, because of this the requirement is not in the matrix, but the design is different and
this is found in the matrix. The different concepts were scored
based on how well they fulfilled the requirements where 1 is the
lowest and 5 the highest. The requirements also have a weight
according to how important the requirement is, this was made
together with ERICSSON. The weight is made to see which
concept is correct according to the most important requirements,
in this case the ERICSSON design which is the only requirement with five points. “Grip” became the winner since it has the
highest points, see table 5.
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5.3 Final decision together with ERICSSON
After using these two selection methods it was time to show all the
concepts to the employees at the mechanical design department and one
industrial designer at ERICSSON to see their reactions and thoughts.

5.3.1

Mechanical Design

The results from the dicussions with the mechanical and design
department were;
• The first concept to be taken away was the swing handles.
ERICSSON thought it would be nice with a new function of
the handle, therefore lift handles were chosen.
• The Triangular cut design has a design which makes the handle difficult to grip.
• The Integrated design has a slim and flush design but the
problem is that it needs one more function to get the handle
out. This can mean unnecessary parts which is not preferable.
• Cut away does not signal enough how it works. The grabbing
point is too hidden.
• The Curve shows the function clearly but the Curve is too
small to have a real grip. The curve is not so discrete and does
not follow ERICSSON’s design.
• Grip has a problem; if the handle gets stuck in the back part it
is harder to get out than in the lip concept.
The two final concepts became the Grip and Lip, see figure 30 a and b.
The Lip recived most votes, but before the final decision was made the
design department needed to be on board.

Figure 30 a. Grip

Figure 30 b. Lip
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5.3.2 Industrial Design
A wish from the industrial designer was to see a more integrated version;
a version that looked like it belonged to the door and was not a purchased
article. Before showing the design department the concepts some changes
were made to see what style and function they liked and preferred and was
most in accordance with ERICSSON’s design.
Figure 31, some thinner versions of the Lip and the Grip were made.
They were integrated in the door; one lip-concept with a bigger angle from
the lip to the door and one with an immersion in the door.
Figure 32, another version of the Grip handle was developed to make the
edges thinner. This made it easier to get a good grip around the handle to
open the cabinet.
Figure 33 a redesign of the lip version was also made to make it look
more integrated even though it was not. The sides of the handle were
angled towards the door to make a smoother transition to the surface of the
door. The handle was also made a bit thicker to ensure enough place in the
door for the cylinder.
Figure 34, the grip was also designed to more easily show the gripping
function through a deeper door where to grip. The problem with that solution is that it is hard to change the way the door is opened, with right or
left opening.
The overall summary of the meeting with the design department was that
in the Lip concept it is clear where to grip and use the Lip design. The grip
handle is harder to get out if it is stuck and the design of the lip-concept
follows ERICSSON's design a lot more than the grip handle. The handle
does not need to be as thin as possible but it must look like it is made for
the door. The thinner versions would mean that a redesign of the door
would have to be made. That was too much work and did not give a better
design than a thicker one.
After this it was decided that the concept called the Lip, figure 35, was
the final concept because the arguments which were given during the
meeting spoke for it. Some criticism was brought to the next phase, for
example some adjustments of rounds and further development of the
design needed to be made. Some of these were made in figure 36 but more
adjustments were necessary.

Figure 31.

Figure 34

Figure 32.

Figure 35.

Figure 33.

Figure 36.
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6. Final Concept

During the previous phase of the creation process the overall shape was established. In the following phase the elemental shape will be established. This means that the
function, sustainability, and manufacturing are in focus. In addition the material and dimensions are considered. The activities that are performed are mostly calculations
and sketches. When it comes to styling this is performed with freehand sketches but in this case freehand modelling and CAD was used. The shapes of these elements are
decided during detail construction (Tjalve, 1989). The mechanism of the product was finalised in the detailing of the final concept. Furthermore the exact design of the
prototyp was conducted in clay and then in Solid works. The material was chosen and the effects on the environment were considered. Finally the assemblying and the
modularity, which contributes to a cost efficient product, were finalised.
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6.1 Material

6.1.2 Zinc

During the research it appeared that the most common material in the
handles were plastic, zinc and sometimes stainless steel. The positive
and negative things with each material are collected in table 6. ERICSSON wants to have a good and sustainable product which is cheap and
with this in mind a decision was made to produce the handle in zinc.
Even if zinc is a bit brittle it was chosen because the handle will not be
used many times during its lifetime (maybe two times each year and the
product has a lifetime of ten to fifteen years). The durability of the product is more likely to be affected by such factors as weather and vandalism. Stainless steel will be used for the part of the locking mechanism
where the abrasion resistance is important.

Table 6. The material which were chosen between in this project (Ullman, 2003).
Plastic

Zinc

Stainless Steel

+

Cheap
Easy to shape during the process

Cheap metal
Luxurious feeling

Sustainable and
strong

Fragilely if too
much force are
added.

Expensive

-

In for example
direct sunlight the
material will lose
its strength and UV
makes it crackle.

Zinc is a metal and usually an alloy with;
• aluminium (4%)
• magnesium (0.04%)
or
• copper (0-3%)
to give material better properties such as increased strength and casting
ability. Zinc has a good resistance against corrosion. The value of sulphur dioxide, which “eats” zinc and other metals, has been reduced in
the atmosphere. This makes zinc a good material for outdoor use. Zinc
also has a low environmental impact compared to other base metals such
as aluminium or copper (Ullman, 2003).
The best process to use zinc during manufacturing is die casting.
The material is melted and pressed into a shape where it is later solidified. The benefit with zinc, compared to other metals, is that the melting
temperature is low. This makes the moulding tool last longer, which is
beneficial because the shapes and tools of the die casting process are expensive. To die cast a product gives it good tolerances and a fine surface
(Ullman, 2003), which is important since it makes the product express a
premium design.
The manufacturing cost is significant in the decision making during
the product development process. The current solution Ericsson has is
very expensive due to the use of stainless steel. With a change of material the costs will drop with about 130 %. The calculations come from
a subcontractor that uses the same material and manufacturing process.
The drop is possible because of the choise of a new material. The benefits of the stainless steel, such as being vandal-proof, has been brought
in to this product by using a different design. At the same time dimensioning of the product has been kept in mind not to make it larger than
necessary and thereby increasing the costs. Compared to competitors
only some more material has been used to gain an ergonomic feeling,
durability and to become vandal-proof.
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6.2 The rear mechanism
To open the door the handle is lifted, figure 37, and then the
rod is supposed to move. After choosing to continue with the
lip solution the first choice was to make a gear wheel solution in the back. This gives the movement of the handle a
smooth feeling because the gear wheel is always in contact
with the rod. It is also the solution which is used today on the
swing handle but in another direction. The idea was that the
handle should be easy to pull out in the beginning but then
it would hatch on to the rod and pull the rod down, see figure
38. Neverless it was considered a risk that it would pluck out.
When trying to improve the idea of the gear, in consultation with mechanical designers at ERICSSON, the discussion brought us back to another solution which had been
mentioned earlier - an idea with a link. However now the
track was on the rod instead of the link and this meant the
handle was easier to move in the beginning and then became heavier as it pressed the rod down. The wheel was connected with a stick into the rod which has a track where the
stick glides, figure 39. In the beginning the rod moves just a
little because the stick is mostly moving in a horizontal direction but the more the stick moves vertically the more the rod
moves and the handle becomes heavier to move, figure 40.
However difficulties occurred and some compromises had
to be made. When the changes were made a new problem was
registered; the stick could not be placed straight above the
pivot point of the handle because then it could not reach the
rod, not unless compromises with the design were made. This
meant the cylinder would have to be placed further away from
the handle. There was no time left for for further development
so a compromise was made and the final concept started to be
ready.

Figure 37. The function of the front of
the handle.

Figure 38. The first idea ofhow the rear can work with a
gear.

Figure 39. The handle is connected to
the rod by a stick.

Figure 40. The movement of the handle take down the rod, since the link between handle and rod are
moving down.
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6.3 The design of the handle and its housing
The goal was to make an appealing design with an integrated feeling and in
accordance with the design guidelines of ERICSSON. To reach a final design
of the handle a model of clay was made. The exact transitions between the
surfaces were easy to try with clay, change was easy to make and it was possible to try different rounds and curves of the handle, figure 41. Then the design was made in CAD with free form surfaces inspired by the clay modell.
The first design of the lip was not coherent enough because the lower part
of the handle (the lip) did not follow the same curves and lines as the rest of
the handle. This was adjusted in the final design where the lines are naturally
positioned, figure 42. The design was also adjusted to the manufacturing process of moulding, where two molds are put together and between the molds
there is a molding line and it is important not to let this line disturb the design.
The molds also need to be removable and therefore angles had to be added to
the design. The molding line on the back part was placed on the edge which is
next to the door. On the handle the moulding line is in the middle where the
line goes from curved to straight and this part is hidden when the handle is not
used. The moulding line is the thickest part and then the shape goes in an angle from this point. This means that the moulds can easily be removed. The
possibility of making it work was tested in clay, figure 42 illustrates the result.
A request from the industrial departmment was that the shape of the handle
should not appear easy to break, not to encourage burglary. They also wanted
the handle to blend in to the environment in which it is placed. Another wish
was that the handle should be integrated with the door, in a way that it does
not lock superimposed with the door, see figure 43. It should not look like it is
bought from another company, like it is today. The sides were made in an angle
to the cabinet to make it look more integrated but also more stable and solid
like it is difficult to break. The handle is completely integrated in its setting and
therefore very discrete.

Figure 42. The final concept in clay.

Figure 41. The first model in clay and the second one
which became the final concept.

Figure 43. The final concept on the cabinet.
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6.3.1 Biomimics - inspiration to the design
of the handle
Biomimics was used to find a way to maintain the ergonomics and
manufacturing profits of a solid handle. But in a way that decreased
the amount of material used to produce a solid handle. From a website called Ask Nature (www.asknature.org) some inspiration of how
nature would solve the problem of gaining stability and sustainability was found. One way would be to get inspiration from human’s strongest bone (the femur) which has a shape that reminds of
an hourglass (Ask Nature, 2013). This shape could be used on the side
of the housing and on the handle. However this idea was not possible to cast unless some adjustments were made and it would result in
a sharp edge where the side end would cut into the hand and make it
less ergonomic to grip. The second idea from this website was the
wings of an insect, Elytra, which are very strong even though they
are so thin; they can resist both shear and cracking, see figure 44
(Ask Nature, 2013). Another idea came from the spiral growth principle which the fibre of the Whitebark pine tree has. These ideas
are similar in the way that build on the fact that structures are coming from a middle body in a diagonal direction (Ask Nature, 2013).
From these ideas the final design of the inside and back of the handle
was created. To be able to cast the product in zinc (read more in paragraph 6.1), and perhaps also in the future in plastic for customers who
are looking for a cheaper alternative, the solid body needs to be hollowed out to get a thin feature. A common way to build up stability in
certain places is to use ribs but in our case the stability was not the biggest issue. The biggest issue was the ergonomics of the handle which
would be worse if the thin feature was used, but it had to be used since
the process to manufacture will be die casting. In this process it is important to have the same material thickness in the entire product. The
decision was to make ribs tight together and in the same direction as the
fingers holding the handle to make it feel like a solid shape even though
it was not, see figure 45.

Figure 44. Elytra gave inspiration to the ribs since it has wings that are very thin but
still resistant against shear and cracking.

Figure 45. The ribs at the back of the handle to save material and
make the product possible to cast.
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6.4 Assembling the product
The focus on design for assembling as a part of a an integrated
working process gives a better design quality and will also lower the manufacturing time and cost (Stadzisz & Henrioud, 1998).
Many small parts can take time to put together compared to few
parts which make it easier to understand how they should be assembled. If different modules are made in a similar design little knowledge is needed to understand how to assemble the final product.
Design for X (manufacturing, assembly, quality, cost etc.) is a method
to see if the product design needs to be changed for example to simplify
the manufacturing (Stadzisz & Henrioud, 1998). The problem with the
method is that it is usually made when the product is more or less ready
because the method demands it. This could be different with the integrated
working process because then the requirements are kept in mind all the
time (Stadzisz & Henrioud, 1998). In this case it was kept in mind during the entire process. When the product was ready a review with employees from the mechanical design department was held to see if a prototype
could be made of the product, see the following paragraph for the results
of the review.

sembly of the cylinder and the locking mechanism. Then attach it
with two screws.
• The roll, which moves the rod, will be put through the hole in the rod
to fasten the handle with the rod. The roll is then attached in the holes
in the handle, when the handle is in an open position.

6.4.1 Design for Assembly - DFA
The parts will probably be put together by hand so the focus was on
making the assembly before it is put in its proper place. The area
where the handle is placed is very small; it is a hole in the framework and the area where to move your hands is very limited.
The most negative review at this stage was of the design of the padlock cylinder. The loops were too thin and making them thicker was
not an option because then the assembling would be too complex. A
redesign of the loops was made which was more solid and sustainable. Making the centre into a solid part and the other part into a
shell would provide a considerably stronger solution with a stricter design that fits the simpleness of the product. The piece to hold
when rotating the middle part, was now a continuation of the cylinder and two hollows for the fingers was made on the top, see figure 46. The assembling of the modular locking system is as follows;
• First the handle is assembled to the back part and attached with an
axis and some screws to secure the axis.
• The second step is to fix the back part to the door with two screws.
• To avoid too much finicky work the idea is to first make a sub as-

Figure 46. The step in the assembly which fix the product at the cabinet.
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6.4.2 Design for Manufacturing - DFM
The main aims of DFM are:
• to minimize component and assembly costs
• to minimize development cycles
• to enable higher-quality products to be made.
(Ullman, 2010)
During the discussion with employees at ERICSSON about the manufacturing and cost of the material it appeard that some small changes needed
to be done to the design. To make the product more cost efficient and manufacturing friendly it would be better to use standardised screws, M4, to
fix the locking system to the door. More material was also added to fragile
places; where the roll is placed on the handle and on two parts of the locking mechanism.

6.4.3 Design for Environment - DFE
Design for environment is similar to design for recyclability and lifecycle design (Ullman, 2010). All the methods share the focus on how
the product interacts with the globe over its lifetime. When the product
will not be used anymore it will either be disposed of, reused or recycled (Ullman, 2010). This is important to think of when a design is made
so that the product has as little impact on the environment as possible.
In this project the material is chosen to be zinc because this is a sustainable metal which resists corrosion (Ullman, 2003). Zinc is also chosen
because of the possibilities of recycling which is done through a process
that melts the material and new products can be manufactured. Stainless
steel is also used in the product, but only in the parts where abrasions resistance is important since stainless steel is better than zinc in that area.
A simplified dissassembling process is also good for the environment
because then it is easier to either recycle or reuse the different parts of
the product or dispose of them in an environmental friendly way. In this
project only two different materials are used, zinc and stainless steel. The
locking mechanism is made of stainless steel (except for the cylinder on
the cylinder soloution which is made of brass), see figure 47 and 48. The
stainless steal part are easy to dissassemble from the brass cylinder and the
handle and back part which are made of zinc.

Figure 47. The cylinder solution.

Figure 48. The padlock solution.
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6.5 The modularity in the product through
changeable locking mechanism
The main focus during this project has been on the handle and the rear
part. They have most impact on the impression of the cabinet, but the
two parts also have an important function - to secure the equipment inside the cabinet. The idea was to make the product modular through the
locking mechanism part, since just a small change needed to be made to
change its function and thereby make it customized. The solution gives
the locking system its modularity through a changeable locking mechanism, which works in the same way, cylinder and padlock, figure 49.
The two back parts are the same for the two solutions but the front is different, figure 50. On the cylinder solution a common locking cylinder is
used. It has a cam in its back end and with this the backpart moves when
turning the key and another cam blocks the handle from moving. On the
padlock solution the cylinder is instead divided in to two parts, number
one and two see figure 28, which work in the same way as the cylinder.
The only difference is that the user turns the center part instead of a key.
The back part is combined by a rail to the part that fixes the locking handle to the door. The part which is stuck to the door is also
fixed to the cylinder to stop it from rotating during unlocking.
The padlock is placed through the holes and prevents it from turning, in
this way the padlock solution is locked, figure 51. Both this mechanism
and the key of the cylinder prevent it from turning. When the padlock solution is to be unlocked the padlock should be taken away and then the
centre part should be turned to rotate the cam and the handle will be possible to use.

Figure 49. The back parts are the same on the cylinder and padlock solution.

Figure 50. The padlock solution is standing out from the surface since it
needs space to the padlock. The cylinder solution is flush to the surface.
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6.6 The handling of the locking system
The handle blends in to the environment while it also gives the product
an appealing design. It provides clear indications of where to unlock the
lock and where to grip the handle, without any distractions in the design,
figure 52 a and 51 b. The first step of using the locking system is to remove the padlock. The knob, middle part of the locking mechanism, has
two concavities which indicate that the knob must be turned to unlock the
handle, figure 53. The handle is now free and an protrusion at the end of
the handle indicates a lift of the handle. In addition the sides clearly show
that it is not possible to swing the handle to the side as a swing handle,
figure 52 b. During the movement upwards, the handle pushes down the
rod at the backside of the door with the help of a link, figure 53. When
the rod is going down it releases the attachments and the door is opened.
To close and lock the door; push the door to its right position and pull
down the handle. Lock with the padlock or key. See appendix 2 for a series of pictures of how the locking system works.

Figure 51. The link which moves the rod.

Figure 52 a and b. The product when the handle is used.

Figure 53. The locking mechanism in opened (left model) and closed (right model) position which is done through a rotation at the cylinder in the middle of the locking mechanism.
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6.7 Form and function analysis 2
A form and function analysis was made of the final concept to describe the functions, figure 54.

Figure 55. Form analysis of the final product.
Figure 54. The result of the form and functio analysis..
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6.8 Prototype

6.9 Future work

When the CAD-model was ready a meeting was held with a technical advisor from ERICSSON's workshop. An analysis was made to see if the
final product was possible to produce and what kind of process will be
used to produce the prototype. The workshop does not have the casting
tools so a milling method was used instead. The cutting tool is round so
there could not be any sharp corners on the product. The outside of the
locking system, handle and back part, was produced in aluminium instead of zinc. The locking solution for the padlock was turned in stainless steel. The two parts behind the door of the locking solution were
milled in zinc. The axis to the rod and latch system and the axis through
the handle will experience high forces and were made of stainless steel.
To make the locking system fixed to the door, M4 screws were used.
A gasket was placed close to the edge at the back part to make the
product incompressible. If the product goes to the production market, the gasket will also protect the locking system from dust and water.
When the prototype was ready, figure 55, we came to understanding
of what could be even better. For example the locking mechanism could
have better dimensions so that the opening can be done more smoothly.
It is also important to consider measurement and distance between the
different parts when they shall fit with each other. Of course a finalised
prototype is very nice to see and touch since it has a lot of work behind
it!

When the time for this project had run out there were still things that
could be further developed to make the product even better. For the moment the product has not been tested with the rod and latch system. Because the contact with the rod and handle has been changed, it is not
possible to test the locking handle with the existing cabinet. Tests if the
product works and tests if the product fulfills the requirements of vandalism, RC1 and RC2 need to be done in the development process. The
interface in the door where the handle and its house is placed need further development so it is possible to have right and left handed opening.
The movement of the rod was developed with help from motion analysis in Solid Works, the movement was tried in the software. This can be done with calculations instead, so the rod moves
the perfect distance. The hole in the rod might need to be changed
to simplify the movement of the handle so it moves smoothly and
easily in the beginning and needs more forces in the end. A shape
of a half circle instead of a straight line can be one alternative.
If there had been more time, a FEM-analysis in Solid Works would
have been done to see if the design has a weak point which might
break. Depending on the results the design will need some adjustments. If the locking system requires an IP-rating (dust and weather resistance), a gasket will have to be added around the whole
backside of the back part to protect it from dust and weather.
The idea with the locking mechanism is that it is changeable. The desirable requirement was to have a keyless opening. This has been kept in
mind during this project but the focus has been on the cylinder lock and
padlock because this was the known desires. The keyless opening was an
unspecified desire. There exist several solutions to this, but the difficulty
is to be able to open the cabinet when there is a power failure. The goal is
to solve this in the future while maintaining the same interface to the lock.
One way could be to use an id-key which is both an id-card and a key to
make it function even without electricity.

Figure 55. The prototype from the side.
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7. Reflection
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7.1 Conclusion
The final product has been developed and fits the title of this project; A
modular locking system to RBS. The main purpose of the project was to
develop the outside of the locking system, which includes a handle and its
back part which is fixed on the door to the RBS cabinet. The final product,
a lift handle, forced us to also change the rear of the handle. The rod was
also changed to suit the new and improved function. The lift-function was
clear and not confusing because it required only one movement. The solution is modular through the changeable locking mechanism and all the
parts are the same no matter what kind of lock the customers want to use.
The appearance was given a lot of thought. The challenge was to create
a modular locking system that was both in accordance with ERICSSONs
product line and designed with aesthetic, ergonomic and semantics in
mind. The aim was to develop a professionally designed handle, a product which has simple but well-reasoned style. The final prototype fullfills
the aim of the project to a great extent. It is not completed or perfect but
shows clearly how a modern locking system and handle to RBS at ERICSSON could look like and work. It also demonstrates a way to continue
developing a better solution for the future.

7.2 Discussion
This project has been running for four months, sometimes it felt like we
had little time and sometimes everything was under control. During a project like this it is known that problems will appear but it is unknown how
much time it will take to solve them. In this project the problem definition and the preliminary studies with the research part took more time
than we had scheduled. It was hard to find the actual users’ information
of how they use the product. The opinions came from employees at ERICSSON who had been in contact with other employees at ERICSSON.
This long chain made it hard to come to the end of the problem and to
understand what was really needed to solve the problem. If the employees who presented the information hade been at the same meetings as the
mechanical designers it may have been a minor issue. When the same
information was told again a decision was made to work with the information that was told and to go on to the next stage: idea generation.
During the idea generation a lot of ideas were created, especially on the
design of the handle and its house. Fewer ideas on how the handle actually
could work together with the rest of the locking system were found. This
may have occurred because it was easier to find solutions to the visible
part instead of the mechanism behind the problem. One way to solve the

problem of the mechanism was to take inspiration from existing handles.
The problem was that they were hard to find in reality, since it is hard to
understand how products work at Internet where there are only pictures.
When lots of concepts had been designed they were printed in a 3D
printer to be shown during the decision making meeting. In this phase
it is important to show all the concepts at the same stage so the decision is done in a fair way. This was done, and took a bit more time than
expected because it was hard to find a time when the employees at ERICSSON could make the decision. Decision making takes time. However it is better to take some more time during the discussion about the
selection than to chose the wrong concept and discover it after a while.
It was a great advantage during the process when different departments could meet at the same time. When the design and mechanical departments joined at the same meeting there was a vivid discussion and the arguments were well reasoned from both sides.
Even if ERICSSON is satisfied with the final product a desire we had was to test the product with some customers and users to see if the product requires any changes. However there has
been no customer contact during this project because it was impossible to get in contact with them. The product is still made with the customer in mind because of the information and requirements that
were taken from different departments at ERICSSON and not only
the mechanical design department, where the project was made.
The handle has been designed with dimensions from British men
since it was told that men are the majority of the workers. This does not
mean that women can not use it now or in the future. Since the developers of this product are women the product has an underlying thought
that it shall fit women too. If the working height is the highest possible the height is not good for anyone, since it can cause injuries. But
since ERICSSON wants to do the production cheaper it is not possible to change the design of the door where the locking system is placed.
This kind of locking project was a new subject and project for all parts. It
would have simplified the development process if some of the departments
would have had more knowledge about locking mechanism and this kind
of project. This may answer the question of why there are sub contractors
as Industilås involved. They have a lot of knowledge of how the project
could be done compared to ERICSSON who is developing a larger range
of products. But as in the case with all new designs and mechanisms, at
some point they have to be tried out for the first time. ERICSSON now has
a lot of information about how this can be done in the future and a lot of
ideas on how the handle and lock can be designed.
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Appendix 1 - Pictures

Key and human force

Rotates the cam

Unlocked

Human force

Movement which changes
the position of the rod

Human force

Pulling the handle

Possibility to open the door

Open door

Figure 1. The white box which was made during the phase of definition the problem.

Figure 2. The lockinng house from KABA where the cylinder can be placed.

.Figure 3. Some of the tools which are in the standards RC 1 & RC 2 standard.

Appendix 2 - The locking systems functions

How the prototype works from the front.

How the prototype works from the side.

