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Summary 

The purpose of this work is to evaluate how a docking station can be more 

future proof, environmentally friendly and satisfy the customers’ needs 

more. The project was executed on a docking station, owned by the 

company LVI (Low Vision International). LVI manufactures electronic 

vision aids for visually impaired, where reading cameras are the main type 

of aids that LVI produces. The docking station which this project is focused 

on, simplifies the use of one of their reading cameras, MagniLink S, 

together with a supporting reading table. 

The project starts by identifying and analyzing the current situation with the 

docking station. Through interviews with the owners (LVI) and the 

customers, comments about the docking station are collected. With these 

comments, problems and other specifications about the docking station are 

identified. Here it is established that one of the main problems with the 

docking station is that the cables easily comes loose or can be damaged. The 

connectors can also slide into the station when the camera is docked. The 

collected specifications are used to analyze the current product, where 

estimated scores of reliability, environmental impact and customer 

satisfaction are established, based on collected theories. 

The specifications collected from interviews are used to set targets for the 

new design of the docking station, generated further on in the project. 

Among the generated product objectives is the objective “Make the docking 

station easy to use” highest prioritized. This objective is understood to be 

the main purpose of the docking station as well as what the customer 

appreciates the most, based on the generated specifications. 

With the product objectives and product targets as base, a new concept is 

generated for the new model. With the same theories used on the current 

model, scores of reliability, environmental impact and customer satisfaction 

are estimated on the new model. 

The new model has an added pressure plate, holding the cable in the station, 

and a more loose type of connectors, placed onto a circuit board, which is 

fastened into the station. Because of this, the new model has a higher 

estimated reliability. 

The material in the docking base has a lower impact of the environment and 

it requires less material to produce the rotation plate in the new model. This 

makes the new model more environmentally friendly. 

It is assumed that the new model satisfies the customers’ needs better due to 

that it is easier to use, which is the main purpose of the docking station. 
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Based on this work, it is established and recommended to follow the steps 

bellow during the development process of a docking station. These steps 

make the new design more future proof, environmentally friendly and 

satisfy the customers’ needs more: 

 Make sure that the cables are reliably fastened into the docking 

station and that the connectors can handle the docking force. 

 Design to use more material with lower environmental impact and 

ensure that the material fulfils the product requirements and 

objectives. Use as small amount of material as possible. 

 Prioritize the customers’ expressed and unexpressed needs as one of 

the highest priorities during the development process. 
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Abstract 

The purpose of this work is to evaluate how a docking station can be more 

future proof, environmentally friendly and satisfy the customers’ needs 

more. The docking station in focus of this project is owned by LVI, and 

used with one of their cameras MagniLink S. When comparing the results of 

the new docking station and the current docking station, the new docking 

station is more future proof, environmentally friendly and satisfies the 

customers’ needs more. In the end it is established that following steps 

should be followed during the development of a docking station: 

 Make sure that the cables are reliably fastened into the docking 

station and that the connectors can handle the docking force. 

 Design to use more material with lower environmental impact and 

ensure that the material fulfils the product requirements and 

objectives. Use as small amount of material as possible. 

 Prioritize the customers’ expressed and unexpressed needs as one of 

the highest priorities during the development process. 

Keywords 

Product development, Material selection method, FMEA analysis, 

Environmental impact, House of Quality, Kano model 
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1 Introduction 

This section introduces the problem, purpose objectives and limitations of 

this study. First, the background to this work is showed to get a wider 

picture. All this is concentrated in a research question. Last but not least, 

there is information about the company this project has been initiated by; 

LVI Low Vision International. 

1.1 Background 

People with difficulties to see are in need of help with everyday events, like 

reading mail, newspaper, packaging labels etc. In Sweden 5 % of the 

population (393 000 people year 2012) are living with this disability of 

which 10 000 people have severely reduced sight or are completely blind 

[1].  

Vision impairment is the third most common physical disability in Sweden. 

The second most common disability is impaired mobility (about 840 000 

people year 2012) and the most common disability is impaired hearing 

(about 1 300 000 people year 2012) [1]. 

With the fast development of the modern technology, there is a wide 

possibility to create products or develop existing products to aid people with 

disabilities. Not only to simplify the everyday life for these people, but also 

help them in their professional life. In year 2013, 62.0 % of the people with 

disabilities worked full time (in Sweden). The corresponding number for 

people without disabilities is 79.4 % [2]. 

An example that is a big help to any visually impaired is the modified wrist 

watch “Bradley”, developed by Eone. This watch uses two metal balls and 

magnets beneath a coat of rubber instead of two clock arms beneath glass. 

This makes it possible to feel where the minute and hour pointer are with 

their fingers [3]. 

For visually impaired that are not completely blind there is wider choice of 

design for technological aiding products, e.g. use of image enhancing 

cameras. 

For example, one of the most successful visual aiding cameras is the Argus 

II Retinal Prosthesis System, developed by Second Sight [4]. This camera 

connects directly to the cornea in the eye and translates the image with 

sensors. This product can restore the sight for a wide range of visual 

impairment, and in this case even for blind. 

Compared to glasses (invented in the twelfth century, by Armati) [5], image 

enhancing cameras have some advantages: 

 One model can aid people with varied reduced sight. They are easier to 

mass-produce for the company and it is easier to obtain a satisfying model 

for the customer. 
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 No needs to change models due to varied sight over time. More satisfying for 

the costumer. 

 Can aid more people with different cases of sensitive eyes, for example 

reducing irritating colors. There exists a wider range of target costumers and 

it is more satisfying for the costumer. 

 No need to implement eye exam. The costumers spend less money besides 

the product and it is easier to obtain. 

There are also some disadvantages to use and produce cameras: 

 Needs to have extra high performance to give an acceptable clear image, 

especially for costumers with more reduced sight. It is harder to obtain 

and/or produce several components to the product. 

 Harder to design a portable product that still is both easy to use and has high 

performance. More problems appear along the designing phase which slows 

down the development process. 

 The high performance technological design makes the product more 

expensive. Less amount of costumer interest. 

Another problem is, for people with more reduced sight, it can be hard and 

frustrating to set up the camera for example reading a book. To get a clear 

image the camera needs to stay perfectly still and it should not need to be 

adjusted too much just to see the next page. 

This means that the camera needs to be placed on a rigid support. This 

increases the production cost of the product but it also makes it more user-

friendly for people with more impaired mobility, like elderly. 

To reduce costs, the camera and the support should be sold as separate parts. 

The support is most likely to be used in specified places and because it is 

cheaper than the camera, more supports can be purchased. Meanwhile the 

camera is easier to move around and does not need rigid support for quick 

use situations like a school lesson or a work meeting. 

The integration between these parts needs to be easy to handle and be sturdy 

for the camera. A docking station is an easy and effective integration. 

A docking station is a mechanism that ensures a solid docking between two 

modules. Structurally it requires being light and have high fault tolerances, 

too ensure solid connection between the two modules [6]. 

The use of docking stations for electronic devices is widely spread. A 

common example is the laptop docking station. Other examples are docking 

on space crafts, and on robots. The initial docking conditions required for a 

wall-climbing robot is described in an analyzing article by Liu and Liang 

[6]. 

The design for a docking station often depends on the situation. For example 

it can have a cone-like stationary design, like the autonomous underwater 

vehicle (AUV) presented in a paper about docking guidance by Teo et al. 

This design makes it easier for the AUV to dock in the correct position [7]. 
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One of the first docking stations used in space was on the flight 8 Gemini, 

commanded by Neil Armstrong in the 1960’s. Its purpose was to connect to 

an Agena target satellite [8]. 

Today docking stations are most commonly used for mobile phones. An 

example is the docking station that connects the mobile to the car. In more 

modern cars, the docking station serves as a power outlet for the phone. This 

makes it more safely to drive and talk over the phone because the driver can 

hold both his hands on the steering wheel. 

1.2 Problem Formulation 

There is a fast growing need of aids for disabled people, including the 

visually impaired. 

In year 2010 an amount of 15 900 people in Sweden received compensation 

for impairment and an assistance time per person of 115 hours per week. 

This is a big increased need of assistance compared with year 1994, when 

only 6 000 received compensation for impairment and an assistance time per 

person of 40 hours per week [9]. The technological evolution goes very fast 

and it can decrease the need of assistance. 

Because of growing need and technological evolution it is important to 

solve problems reasonably quickly and securely. 

During the production and development phase, it is also important to 

consider the decisions with the environment in mind. 

For example one of Sweden’s environmental goals, is to have a non-toxic 

environment. The use of toxic substances that are carcinogenic, mutagenic 

or reproduction inhibitors is in conflict with this goal [10]. These substances 

can sometimes be found in for example plastics and circuit boards. 

Another environmental goal is to limit the level of carbon dioxide in the 

atmosphere. For example, an issue is the amount of carbon dioxide 

produced by vehicles from transporting goods [11]. 

At the same time, should the changes not add larger dissatisfaction for the 

costumer and user or higher production costs. This can complicate the 

design process and increase costs and time to complete the product. 

For a docking station, the following criteria should be fulfilled: 

 The docking station should make the connecting parts: 

o Easy to assemble and disassemble. 

o Clearly shown how they are assembled and disassembled. 

 When the parts are assembled the docking station should: 

o Make the structure rigid. 

o Not obstruct the purpose of each part. 

o Not make the construction too unappealing. 

 The docking station should not be too expensive to produce or threaten 

the environment. 
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When it is not clear how to assemble the parts, problems in alignment can 

occur. Without correct alignment in an electronic docking station, the 

electronic port/ports will not be fitted together and lead to loss of signals 

and data. One type of ports can be harder to align than other types. Different 

ports can also have different reliability (expected number of docking cycles) 

[12]. 

Lack of fault tolerances makes the whole product unstable, which makes it 

more frustrating to use and wears on the sliding parts. Locking system 

counteracts this problem but from a small selection. Because visual 

impaired are using this product and sensitive electronics is involved, only 

easy handle and friendly system can be used. 

Big clumsy docking stations can block important parts on the connecting 

modules. This prevents the user to access buttons or other features on the 

module. It is also important that the docking station positions the modules 

for easy access. 

From above formulation, the question to answer in this report is: 

How can a docking station, between a camera and a stationary support 

have a future-proof design, be environmental friendly and satisfy the 

customers’ needs? 

1.3 Purpose 

The purpose of this work is to evaluate how a docking station can be more 

future proof, environmentally friendly and satisfy the customers’ needs 

more. 

1.4 Objectives 

To reach the purpose of this project, the main objective is to create a new 

design of a docking station. 

1.5 Limitations 

This work is about product development. 

The project will be executed at LVI Low Vision International in Växjö, 

Sweden, as a redesign of an existing docking station, which is a part of an 

accessory to the product MagniLink S. The existing design of MagniLink S 

and the supporting table is limiting the concept. 

The final concept should not require many or expensive design changes on 

the parts connected to the docking station. The focus will be on the docking 

process; rigid support for the camera and reliable action of the electronic 

connectors. Other possible problems in the connected parts, for example the 
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camera, will not be treated. However, the new design shall still work 

together with the connecting parts. 

1.6 LVI Low Vision International 

LVI Low Vision International manufactures electronic vision aids for 

visually impaired. The headquarters is located in Växjö, Sweden, but the 

products are sold all over the world via affiliates and distributors. 

The main products are reading cameras, both portable and more stationary 

with a screen. The company also produces a reading machine which can 

scan a text and read it out loud. LVI Low Vision International is certified by 

ISO 9001 in quality management system and ISO 14001 in environment 

management system. 

LVI Low Vision International was founded in 1978 after the development of 

the video enhancement system MagniVision. When the system evolved to 

displaying colors, the name was changed to the present trademark 

MagniLink. 



 

6 

 

Tim Johansson and Pontus Nilsson 

2 Methodology 

The approach and methods used in the report is described in this section. 

2.1 Scientific View 

The scientific view is divided in two extremes, positivism and hermeneutics. 

Common illustrations of them are that positivism relates to science and 

hermeneutics relates to social studies and social science [13]. 

2.1.1 Positivism 

Positivism is the classic scientific view. Positivism in social science is when 

social scientist uses a view from natural science to try to explain social and 

human behaviors. The meaning of positivism is to collect data through 

measures and observations of a phenomenon [14]. 

2.1.2 Hermeneutics 

The hermeneutic view focuses on explaining how a phenomenon is 

perceived, not how it is. Hermeneutic is the search for understanding of 

phenomena that are hard to grasp in normal thinking [15]. 

The view in hermeneutics can be concluded as; it is an endeavor to 

understand how people perceive the world [13]. 

2.1.3 The Scientific View in this Study 

The first part of this study has a hermeneutic view. The problem that the 

costumers experience will be studied in the beginning. The information is 

much around feelings and experiences. Later in the study measurements and 

calculations is performed to identify features on the docking station that 

connects to these problems. In this part, the view is more positivistic.  

2.2 Scientific Approach 

There are two common scientific approaches; Induction and deduction. 

Abduction is a mix between them [13]. All three are explained below. 

2.2.1 Deduction 

Deduction is carried out from general concepts to more specific things. It is 

also called a top-down approach. The work begins with formulating an 

interesting theory. Then the theory is processed into hypothesis. The 
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hypotheses are tested by collecting data from observations. The hypotheses 

can be supported or rejected based on the data [13]. 

2.2.2 Induction 

Induction is done by generalizing results from observations to theories. It is 

also called the bottom-up approach. It begins with making patterns for 

different phenomena from observations. Hypotheses can be formulated 

based on those patterns. The hypotheses can be a ground to build theories 

upon [13]. 

2.2.3 Abduction 

Some studies are based on a mix of deduction and induction that is called 

abduction. It can be used when the researchers see that the hypotheses that 

are generated are not enough to compare with the data. Abduction can also 

be used when some steps only can be carried out in a specific order, so the 

study cannot be said to be just induction or just deduction [13]. 

2.2.4 The Scientific Approach in this Study 

This study can best be characterized by deduction. During the beginning of 

the project, problems with the current design are investigated. From that, 

hypotheses for the solution are gathered. These hypotheses are later on 

analyzed based on collected theories. 

2.3 Research Method 

Research methods are divided in quantitative or qualitative methods. 

2.3.1 Quantitative Method 

Quantitative methods are good to use when the range of something is 

searched, a number that quantifies something is wanted. An example of a 

quantitative method is surveys. They may be in the form of questions that 

are sent via mail to many people. That generates a lot of data that are 

compiled to quantitative numbers. The outcome can also be treated with 

statistical methods, to verify the results [16]. 

2.3.2 Qualitative Method 

Qualitative methods are to use when deep knowledge is wanted. They focus 

on the individuals’ reflection on the world. These methods are used to 

interpret these reflections and the individual’s subjective picture of the 
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world. Understanding of people can be yielded from those interpretations 

[17]. 

If quantitative methods are about numbers, then qualitative methods can be 

said to be about words. In the case of a qualitative method in form of a 

survey, the number of participants will be few compared to a quantitative 

survey [16]. 

2.3.3 The Research Method in this Study 

The beginning of this study is done with qualitative methods. Depth 

interviews (qualitative) are done because of the higher chance of getting 

more in-depth information. Also the number of visually impaired people in 

reach for doing interviews will not be enough to do it in a quantitative way. 

In this study, a qualitative method is considered to have a positive effect on 

display the problems and understand them.  

In the end of this study the generated concepts function are analyzed based 

on collected theories. This signifies a quantitative research method. 

2.4 Research Strategy 

There are three common types of research strategies. They are survey, case 

study and experiment. Descriptions of them follow below. 

2.4.1 Survey 

It is hard to define a survey in a short way. They are used to collect facts 

and information. Surveys include a variety of methods such as interviews, 

questionnaires and so on. The population is defined and the study is done on 

a sample of the population. Surveys are not so often used for proving causal 

relationships [18]. 

2.4.2 Case Study 

A case study is a method in which a single case is analyzed. It can also be a 

few cases that are analyzed and analytical compared [19]. 

Problem with case studies are that it can be hard to check the information 

and generalize the results [18]. 

2.4.3 Experiment 

An experiment can be done if the effect of a treatment needs to be studied. 

The best way to do it is to compare a reference group (untreated group) with 

a treated. Statistical analysis can give an answer to if the treatment had an 
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effect or not. Thus it is possible to find out if the relationship is causal or not 

[20]. 

2.4.4 The Research Strategy in this Study 

One method alone is not used in this study. The main purpose of this project 

is to create a new docking station. The changes in the design will affect the 

customers, which is why these changes are based on the customers’ view. 

To receive the most important complaints, the customers are interviewed, 

where they speak their own mind. This type of survey is called qualitative 

interviews. 

Through the whole study, alternatives are generated. These alternatives are 

design choices which are analyzed based on environmental friendliness, 

customer satisfaction and how future proof they are. This part of the project 

can be called a case study. 

2.5 Data Collection 

There are three main types of data collection methods. These are studying 

documents, observation and question methods [16]. They are explained 

further below. 

2.5.1 Primary Data 

Primary data is the one the researcher has collected by him- or herself. This 

is done when the data has not been collected before by anyone else [20]. 

2.5.2 Secondary Data 

Secondary data comes from other sources. That means not directly from the 

original source of information. 

The literature can also be divided in primary and secondary. Primary 

literature is the one describing primary data, for example scientific articles. 

Secondary literature contains other people’s research, that is, not research 

conducted by the author(s) [17]. 

2.5.3 Interview 

An interview is a conversation between an interviewer and an interviewee, 

and the interviewer wants to get information from the interviewee. The 

interviewer controls the conversation in order to reach information of the 

topic of discussion. It is inevitable that both of the conversing parts are 

affected by each other. The interviewer needs to know about this and try to 

minimize the effect on the interviewee [16]. 
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Interviews are recommended as main method for gathering raw data from 

customers. This should be done in the beginning of a project when 

identifying customers’ needs [21]. 

An interview can be characterized as a quantitative or a qualitative 

interview. A qualitative interview is much like an ordinary conversation. 

The questions are not formulated in advance, as in the case of quantitative 

interviews. It is more like a discussion about a topic. Another name for the 

qualitative interview is unstructured interview. It is the most common 

qualitative method [22]. 

2.5.4 Document 

The term document can have a wide meaning. They can be personal, 

official, virtual and more on. The official authorities produce many 

documents. It is a lot of statistics, but also a lot of other document like texts 

[19]. 

Document from organizations can also be interesting. They are more 

irregular, heterogeneous, as sources. Different groups of people within an 

organization can have different versions of the same event. The aspects are 

depending on the position of the questioned person in the organization [19]. 

2.5.5 Observation 

The method observation is used when the researcher observe a phenomenon. 

It can be studying the behavior of people in a special situation. The 

researcher can either participate or not with the observed people. The 

observation does not need to be about people. It can also be directly 

observation like the number of cars passing on a road [20]. 

2.5.6 The Data Collection in this Study 

Requirements are collected by interviews with customers and observations. 

This is appropriate because of that the information of the problems is based 

on the customers’ complaints. Other interviews are also conducted to collect 

more information. Besides from books, documents from authorities and 

organizations are read in the literature studies to gather secondary data. One 

reason for this choice is because it is easier to collect subjective data by 

interviews and understand objective data through interviews. 

2.6 Validity and Reliability 

This section explains the terms validity and reliability. 
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2.6.1 Reliability 

Reliability is a term connected to the ability to make the same observations 

several times. Both the researcher and others shall get the same result when 

repeating the experiment. The method can be right even though the 

precision is jeopardized by bad instruments. That leads to low reliability, 

because it is also about having reliable instruments for measuring [17]. 

2.6.2 Validity 

The term validity can be described with a question: Did we measure what 

we intended to measure? A valid observation is when it is correct. The s 

errors should be small. There are two different reasons to an invalid 

observation that is conducted with an instrument. The first reason is that the 

instrument can be broken or wrong calibrated. The other reason is if the 

instrument is wrong designed. It can be that the theory the design is based 

on is not correct. It can also be because the instrument is not design 

according to the presumed theory [17]. 

Validity can be further divided in different types. 

2.6.2.1 Internal Validity 

The internal validity describes the extent of the cause-effect, causal, 

relationship [13]. 

2.6.2.2 Construct Validity 

The question rose above, “Did we measure what we intended to measure?” 

sorts best under construct validity. The concept construct validity also 

includes if the test/experiment was constructed the way it was intended [13]. 

2.6.2.3 External Validity 

High external validity means that the results can be generalized to more than 

the context of the study [13]. 

2.6.3 This Study’s Validity and Reliability 

To receive more valid answers to this studies research question, the 

interviewed will speak more freely what they think about the situation. All 

the comments from the interview are collected, to ensure that the valid 

information is treated in the next step. The disadvantage of this choice is 

that the results from the interviews have lower reliability. Because that the 

customer can change their mind over time and different customer have 

different ways to reflect, the result from repeating this process will vary. 

The literature and database studies have high reliability, where the results 

probably will be similar if the research repeats. The literature and database 

studies will generate data to form the interview guide, manage material 
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selection etc. All these cases use objective data to receive proper results. 

The focus is mainly on the objective data from the literature and database 

studies, even though it is impossible to avoid all subjective data. 

The validity of literature and database studies is varying. The internal 

validity is high because, even if different authors can state the data in 

different ways, the objective data is easy to obtain and understand. It can be 

higher with planned meetings with other companies with similar products, 

but because that this product is very unusual and the time limit of this 

project, it is decided to be put aside. Because there is a risk that the data can 

be hard to find there is also a high risk for lower construct validity. The 

external validity is high because other people can take advantage of the 

information that is gathered. 
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3 Theory 

3.1 The Product Development Process 

To develop new products in an effective way, the development process must 

be executed in a project form. The reason behind this is that it is not 

possible to make detailed plans or organize the work in detail, because that 

it is unknown which roads will be chosen and which solutions and problems 

will be discovered. In the text “Product development” the statement 

“Product development is an operation where one draws the map during the 

travel” (translated by the authors of this project) summarizes the description 

[23]. 

The development process proceeds by finding solutions to the problems and 

deciding how functions shall be realized, narrowing down the wide choice 

of the concepts. While the designing team gets closer to the final concept 

the risks, the unsureness of the project and the unlikelihood of succeeding 

reduce greatly [23]. 

The goal of product development is to decide, in detail, how the new 

product will look, how it will be produced etc. In other words, the goal of is 

to create the company’s future value flow [23]. 

The whole development process can be described by the seven first 

designing steps from the literature “Getting design right” [24]: 

 Define the problem 

 Measure the Need and Set Targets 

 Explore the Design Space 

 Optimize Design Choices 

 Develop the Architecture 

 Validate the design 

 Execute the Design 

Appendix A contains all figures and tables referred in each step. 

3.1.1 Define the Problem 

To lay the foundation of a successful design project, the project must be 

defined clearly so that all involved gets a clear picture of the purpose and 

the scope of the project. This is done by naming the problem, understanding 

the context of the problem and looking at the problem from many 

viewpoints [24]. 

In this stage three important parts will be defined; the project, the context 

and the functional requirements. 

In the first step, the project is defined by presenting [24]: 

 Selected problem to solve or idea created to solve a problem 
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 Rough sketches of the possible solutions 

 Planned time and effort spent on the project 

 Owner, customer and user of the product 

 Statement of the purpose or goals of the product 

In the second step, the context is defined by [24]: 

 Acknowledge the internal and external entities within and outside the 

system boundary, where the system boundary clearly shows what parts 

will be treated in the design 

 Presenting the system boundary, either by context diagram and/or 

context matrices, see Figure 1. 

 Presenting the current product with its current condition, where it is 

stored, what it is used on, etc. 

 Collecting customer comments 

 Summarizing the costumer comments with the affinity process 

 

Figure 1 System boundary in context matrix and diagram. 
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In the last step, the functional requirements are defined by [24]: 

 Collecting use cases that describes how the product either affects or is 

affected by an external entities or how the external entities affects each 

other with the product 

 Prioritizing how important each use cases are (either high [H], medium 

[M] or low [L]) 

 Developing detailed descriptions of the products behavior in the high 

prioritized use cases, see Table 10. 

 Summarize all steps from all detailed description in a table 

 Repeating the two points above with the secondary use cases (medium 

prioritized use cases), put in the same table and name the descriptions 

originating requirements, give each an originating index number and 

abstract function name, see Table 11 

Control that there are no requirements to ambiguous, overly restricted or 

contradictory. This is done by adding “issues” with the stated originating 

requirements and resolutions that present the rewritten originating 

requirements see Table 12. 

3.1.1.1 The Affinity Process 

The affinity process is a two-step method for creating a diagram that 

organizes customer comments, a so called affinity diagram. The customer 

comments must be written in a “human” language, the customers’ own 

reflections. The result of an affinity process is a list of categories that 

identifies the customers’ bigger and smaller worries [24]. 

The first step is to divide the comments in groups based on the affinities 

they seem to share. The second step is to assign names to the groups, that is 

to name or describe the affinity that characterize the group. Two methods 

used in the affinity process for grouping the affinities are “sticky notes 

technique” and “drag and drop” [24]. 

3.1.1.1.1 Sticky Notes Technique 

The sticky notes technique is proposed when there is a large amount of 

customer comments [25]. A group of designers review (go through) the 

comments. It is suggested to be about one designer per one hundred 

comments. One day should be enough for the designers to do a thoroughly 

analysis [24]. 

Before the review, every customer comment is written on a sticky note and 

pasted onto a wall. The designers spend time reading the sticky notes on the 

wall and group them after affinities they discover. It is important that the 

groups are not named in advance. One of the purposes is to discover new 

affinities. The designers are advised to make new groups if it feels right, 

even if they cannot explain it directly. Notes that fit multiple groups can be 

copied and placed in all of those groups [24]. 
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When themes are matched together, whole groups of notes is arranged 

together to express an order of the customers’ worries. To get a good 

structure of the order of the notes, a description of the context is advised to 

be formulated directly [24]. In the method, developed by Beyer and 

Holzblatt, there are four levels of affinities (also see Figure 2) [25]: 

 Individual point, one customer comment. 

 Group label, affinity between similar customer comments. 

 Summarized group label, affinity groups labels. 

 Area label, the last step identifies the problem area and briefly explains how 

the customers want the situation to improve. 

 

Figure 2 Four levels of affinities. [24] 

3.1.1.1.2 Drag and Drop Technique 

Drag and drop can be used when there are a few customer comments to 

work with. It is quite similar to sticky notes, but is carried out with a 

spreadsheet program instead. The comments are written in the spreadsheet 

program and are dragged and dropped to form groups. The thoughts behind 

the grouping of the comments are exactly the same as in the sticky notes 

technique [24]. 
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3.1.2 Measure the Need and Set Targets 

By writing a detailed performance specification from the vague product 

objectives (summarized customer comments) it is easier to understand each 

objective in engineering terms. 

The goals here are: 

 Find ways to measure how well any product can satisfy the objectives 

 Find ways to measure how important the different objectives are to 

potential costumers 

 Set technical performance targets for the products design concept that 

satisfies the objectives more than any other competing product. These a 

requirement adds to the table of original requirements, see Table 1. 

Table 1 Originating requirements with added performance targets. 

 

This is done mainly with help of the house of quality [24]. 

3.1.2.1 The House of Quality 

The house of quality is a method used to define the relationship between 

customer desires and product characteristics, in a matrix approach. It usually 

contains 6 main parts, see Figure 17: 

1. The product objectives and their relative importance 

2. The costumer perceptions of competing products 

3. The primary engineering characteristics of the product 

4. The impact that the different engineering characteristics have upon the 

product objectives 

5. The interrelationships of the engineering characteristics 

6. The target performance measures established for the different 

engineering characteristics 

The building of a house of quality follows: 

 Identifying and bundle customer-focused product objectives 

 Ranking and weight objectives from the customer’s view 

 Benchmarking the competition on the product objectives 

 Identifying the engineering characteristics that are most relevant to the 

objectives 

 Assessing the impact (positive or negative) that the engineering 

characteristics have on the product objectives 

 Relating the engineering characteristics to each other 

 Benchmarking the competitors on the engineering characteristics 

 Deciding on target technical performance measures for each engineering 

characteristic 
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As shown in Figure 18, contains the first area the product objectives and 

their relative importance 

In the second area (Figure 19) compares the existing product with a 

competitor on the market. Each line represent a product objective and the 

position of the figures represents how well the product fulfills the objective, 

where 5 is very good and 1 is very bad. 

The third area (Figure 20) shows the engineering characteristics of the 

product. Each arrow shows in which direction the characteristic is affecting 

each product objective. Arrows pointing up shows that the characteristic is 

increasing and arrows pointing down show that the characteristic is 

decreasing. 

The fourth area (Figure 21) shows how the product objectives are affected 

by the increasing or decreasing engineering characteristics. Table 13 

describes the marks used in this area. 

The fifth area (Figure 22) shows the relationships between the engineering 

characteristics. Table 13 describes the marks used in this area. 

The sixth area (Figure 23) shows the objective measures and an evaluation 

of proper target value of each measured dimension. The objective measures 

contains two main types of columns; what measure each engineering 

characteristic is decided to be measured in and the name of the test objects 

that are measured, (it can be a rival´s product or similar). The evaluation of 

the proper target value focus on three points: 

 How difficult it is to solve the technical issues of the characteristic 

 How important each characteristic is 

 What is the estimated cost to build in the characteristic 

The last column, Targets, gives the value that the product should have in 

that characteristic. There is no specified way to set these target in the house 

of quality approach, but the main value is in pulling together all of the 

information that is valuable in setting the targets. Figure 24 shows how the 

areas shall be put together [24]. 

3.1.3 Explore the Design Space 

Exploring the design space increases the confidence that the design solution 

is as creative as it is intended to be. This is executed through two main steps 

[24]: 

1. Discover concepts relevant to the design problem at hand 

2. Combine the concepts and generate integrated solutions 
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In the first step, it is recommended by Jackson [24] that the relevant 

concepts are discovered by: 

 Decomposing the stated use cases into finer detail, see Table 14 

 Generating ideas that can be used to satisfy the functional requirements 

(concept fragments) through brainstorming and research, see Table 15 

 Organizing the concept fragments into tree-structured hierarchy, possibly 

with help of affinity process, see Figure 25 

 Expanding the concept fragments with other potential subheadings (see 

Figure 26), shortening the concept fragments that seems very similar and 

removing concept fragments that seems inappropriate 

In the last step, concepts are explored by [24]: 

 Combining remaining concept fragments in an appropriate way in a 

combination table, see Figure 27 

 Generating concepts by integrating the fragments in the combination 

table 

 Identifying the subsystems, which summarize all parts with the same 

function and similar functions from the decomposed use case, see Table 

16 

3.1.4 Optimize Design Choices 

By thoroughly going through all generated concepts, the choice of which 

concept to progress with in the design process is much easier. The selection 

of the concepts is made by [24]: 

 Presenting the generated concepts 

 Presenting the product objective created from the affinity process and 

eliminating attributes that either not differ between the concepts or differ 

between the concepts through another attribute 

 Creating a screening of the concepts (see Table 17), removing the worst 

options and rank the remaining concepts, see Table 18 

 Rating the remaining concepts with numbers, see Table 19 

 Considering the importance of each attribute, see Table 20 

 Adding the weight of each attribute in the rating table and determine 

which concept to develop, see Table 21 

3.1.5 Develop the Architecture 

By studying the use cases, the functions that the product must fulfill can be 

identified. This is done by [24]: 

1. Designing the behavior of the system in terms of subsystem functions 

2. Designing the functional control of the subsystems 

3. Designing the structure of the system 
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Designing the behavior includes [24]: 

 A presentation of the priority list of use cases, a behavior analysis in a 

context matrix (see Figure 28), the functional requirements and the 

subsystems 

 Creating an operational description table with the products subsystems of 

all created use cases, see Table 23 

 Identifying and adding information events and transfers between 

operations in the operational description table, see Table 23 

 Identifying system states (changes in the system) in the operational 

description, see Table 24 

 Extracting all subsystem functions to a separate table, see Table 25 

 Adding these functions to a derived function requirements table. Then 

give each function a function name, an index number and add which 

originating function requirement each derived function requirements is 

derived from, see Table 26. It is important that all originating 

requirements are connected to at least one derived function. 

To simplify the detailed descriptions from designing the behavior a 

summarization of the flow control is created. It can be done in the two 

following steps [24]: 

1. Put all system states in a table and write the most important information 

events or transfers stated between the system states. Possible information 

events and transfers that for example abort the operation and jumps back 

to an earlier state are also written in this table between the state before 

and after the abruption. Each operational description is treated here, see 

Table 27. 

2. Write a state change diagram based on the table in step 1, see Table 27. 

The design of the structure is finalized through following procedure [24]: 

 Create an interface matrix for the product, containing the subsystems and 

information events and transfers between them, see Table 28. 

 Identify if any subsystems that can be merged together. In Table 27, no 

subsystems have information events or transfers to trigger another 

subsystem and by another event or transfer be triggered by the same 

subsystem. Because of this, none of the examples are appropriate to be 

merged together. 

 Make a rough sketches of all subsystems of the concept 

 Create a rough-cut bill of materials. 

 Estimate a target cost of the whole product and calculate the target cost 

of each subsystem. 

3.1.5.1 Bill of Materials (BOM) 

A bill of materials (BOM) is a list of components, their quantities, estimated 

costs and the estimated total cost of manufacture all parts of the product 

before assembly. 
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Before estimating the cost of the components, each component is identified 

in a table. Each row in the table represents a component, a subsystem or a 

system and the number of columns from left to right where the system is 

written shows the systems indentation level (see Table 29). 

When the components are identified all systems will be put in a different 

table (see Table 30). The first four columns beside the systems are 

description of estimated material needed for each component, unit of 

measuring the amount of raw material and estimated quantity of units of 

each material. 

The next step is to calculate the material cost of the whole product, as 

shown in Figure 30. 

The final step is to add an assumed target cost, if there is no target cost in 

the originating requirements, and calculate the target cost of each 

subsystem, see Figure 31. 

Based on Figure 31, the external entity grip system has the biggest percent 

distribution. Because of this it is most appropriate to focus on lowering the 

total cost of that subsystem [24]. 

3.1.6 Validate the Design 

The purpose of this step is to ensure that the product or system fulfills the 

requirements and customer satisfaction, attempted to achieve through the 

design process. This is done through handling two major areas: 

1. Verify requirements 

2. Manage design risks 

The first area, Verify requirements, contains two events; to conduct design 

reviews and develop a test plan. 

The design reviews are conducted through detailed planned meetings. 

Target audiences of these meetings are experts on each main project subject 

and customers. To achieve the best results, the meetings shall be treated as 

follows: 

 Ensure that all members understand the criteria of the product. This can 

be done by going through a list of all design documentations, containing 

mission statement, summarized customer comments, etc. 

 Identify all experts of each subject and issue the invitations. All complete 

operational description templates shall be sent to all members at least two 

weeks before the meeting. 

 Plan the design presentation to receive as much feedback as possible 

from the listening members. Presenting the system behaviors in detail 

often brings great amount of feedback. Displaying overviews of the task 

flow, created from owners of each operational description, is very helpful 

to explain the system architecture to the customers. 
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 Create a method for the members to submit their comments in writing. 

For example, the presentation could be printed with abundant white 

space beside each slide, where the audience can write their comments. 

 Determine if the design review was passed. This is established from the 

criteria from the audience. For example how complete the documentation 

seems, how satisfied the customers seem, how faithful the technical 

design seems and how acceptable the risks of the project seem to be. 

 Reschedule if the review did not pass. 

The development of a test plan is explained by following steps: 

 Subliming test information to all operational description templates, see 

Table 31. 

 Create behavior test plans based on these operational description 

templates, see Table 32. 

 Create a different table for the originating requirements collected from 

the step “Measuring the needs”, see Table 33. 

 Ensure that all originating requirements connects to at least on test 

procedure and all test procedures connects to at least one originating 

requirements. 

In the second area, Manage design risks, FMEA (Failure Mode and Effects 

Analysis) are used to treat potential failures with the subsystems [24]. 

3.1.6.1 Failure Modes and Effects Analysis (FMEA) 

FMEA or FMECA is an abbreviation for Failure Modes and Effect 

Criticality Analysis. It is a useful tool for reliability analysis [26]. The 

meaning of FMEA is to get information that can reduce risks in the system, 

design, process and maintenance [27]. This is done through defining, 

identifying and eliminate known and/or potential failures and problems 

before the product or service reach the customer. The failures and the 

problems connect to the system, the process and/or the maintenance of the 

product/service. FMEA shall [28]: 

 Identify known and potential failure modes. 

 Identify causes and effects of every failure mode. 

 Prioritize identified failure modes according to the risk priority number 

(RPN). RPN is a multiplication of the frequencies of probability of 

occurrence (failure frequency), the severity and the likelihood of detection of 

the failure. 

 Assign corrective actions for the problems. 

FMEA can improve the development and the manufacturing and is then 

called a Construction-FMEA or Process-FMEA. The improvements are 

carried out through a systematic review of a product’s functions or 

processes, failure modes, causes of failures and failure effects [26]. 



 

23 

 

Tim Johansson and Pontus Nilsson 

The failure modes define occurring functional failures and problems with 

the product. They are defined as cracks, deformations, corrosion and so on 

[26]. 

The possible causes of failure define the causes of the functional problems. 

The causes shall connect to the development team or the production, 

depending on the sort of FMEA that is used. The meaning is to find cases 

where the production or development can be improved. The meaning is also 

to prevent the same failures to happen again [26]. 

The failure effects define what the consequences of the functional problems 

are on the company. It is usually consequences related to the economy of 

the company and consequences of the customers [26]. 

The results from a FMEA can be presented on a form, see Table 34. The 

form includes the product’s functions or processes, failure modes, failure 

effects, failure causes, and an estimate of the RPN with the failure 

frequencies, severities and the likelihood of detection. These three things are 

rated by using Table 35, Table 36 and Table 37. 

3.1.7 Execute the Design 

When executing the design there is one main component to establish; 

schedule the project and track progress. Following steps describes how to 

schedule the project and track the progress of executing the design [24]: 

 Develop a check list containing the procedures on the products system 

and subsystems, and planned test procedures, see Table 38. 

 Extract activities from the checklist to a task list together with the 

planned test procedures, see Table 39. 

 Estimate the duration of each task, see Table 40. 

Track how much is done on the task list. An updated table of estimated percent completed on 

each task is one example, see Table 41. 

Identify and map what is required from a task for another task to begin the work, see 

Table 42, Table 43, Table 44 and Table 45. The output of the row task is the input to 

the column task. 

 Simplify the relationships between the tasks in another table, see Table 

46. 

 Establish in which order the tasks will be handled, first to last. This 

depends on the tasks that need requirements from another task to begin. 

Placing the task that needs the requirements to the right of the tasks 

supplying the requirements, as far to the right as possible, creates the 

most effective schedule of sequences. The number of the column 

represents the order of the sequence. This is not treated in this example 

because all of the tasks that need requirements from another task are 

placed to the right of that requirement. 

 Put all the information in a Gantt Chart; see Table 47 and Table 48. 
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3.2 The Kano Model 

The Kano model (see Figure 3) is a method to gain understanding of 

external customer satisfaction. This method demands customer comments 

about which requirements the product has to satisfy. The method also needs 

knowledge about the products purpose and what differs the product from the 

company’s other products. The meaning with the Kano model is to define 

expressed and unexpressed customer needs [26]. 

The expressed customer needs are communicated from the customers to the 

company. They are suggestions for improvement that the customers want. 

These needs show what the customers think is important and demands the 

products to satisfy. The attributes of the product that are expressed needs is 

called expressed needs. The more the expressed needs are fulfilled, the 

merrier is the customer satisfaction [26]. 

The unexpressed needs are divided in two subcategories; basic and unaware 

needs. Basic needs are needs that the customers do not speak about because 

they think the needs are so basic for a product. These needs are called must-

be attributes. Unaware needs are attributes that the customers do not expect 

the product to have, or the customers do not think is necessary. These 

attributes make the product stand out from other products. The attributes are 

called attractive. Every attribute that is attractive gives an edge for the 

product on the market, and the company gets more loyal customers [26]. 

 

 

Figure 3 The Kano model for customer satisfaction [29] 
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3.3 Materials 

Materials can be classified into six broad families: 

 Metals 

 Polymers 

 Elastomers 

 Ceramics 

 Glasses 

 Hybrids 

The differences between the materials in engineering characteristics are for 

example material´s modulus, its strength and its conductivity. 

Modulus refers to a materials sustainability to be deformed. It is divided into 

three main categories; sustainability against being stretched out (young´s 

modulus [E]), sustainability against being cut (shear modulus [G]) or 

sustainability against being pressed together (bulk modulus [K]). The SI unit 

of material´s modulus is GPa (Giga Pascal). 

Material´s strength refers to how much force the material can sustain before 

it changes to another deformation state. These stages are divided into four 

types of strength; yield strength [σy], ultimate strength [σu], compressive 

strength [σc] and failure strength [σf]. The SI unit of material´s strength is 

GPa. 

When a material is affected by an increasing tensile stress (stretching out) it 

passes three lines of strength; yield strength, ultimate strength and failure 

strength. The yield strength is reached when the material starts deform in a 

way that if the stress decreases to zero, the material will not regain its 

original form. This is called plastic deformation. The ultimate strength is 

reached when the material starts to deform on a constant stress, in other 

words reaches the minimum possible applied stress that the material can 

sustain. When the material finally breaks it has reached its failure stress. 

The compressive also identifies the material strength when it breaks, but 

only when the material is affected by compressing stress (pressed together). 

Material´s conductivity is either the material´s capability to lead heat 

(thermal conductivity) or electricity (electrical conductivity). 

Thermal conductivity identifies at what rate the heat is conducted through a 

wall, when the temperature on both sides of does not change over time. It is 

the heat transfer rate of the heat flow through a solid wall times the walls 

thickness per surface area wall and per Kelvin difference between the 

opposed sides of the wall. The SI unit of thermal conductivity is W/[m*K] 

(Watt per meter and per Kelvin). 

Electrical conductivity identifies at what rate the electric charge is 

conducted through a thread. To establish the electrical conductivity the 

reciprocal phenomena electric resistivity, this is the materials incapability of 

conduct electricity. The resistivity is the voltage difference between the 

threads ends times the section area of the thread per ampere flowing through 
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the thread and per length thread. The SI unit of electrical resistance is Ω*m 

(Ohm meters). 

Metals have high modulus, can have high strength by alloying and have 

high electric conductivity and can have moderate thermal conductivity. 

Polymers have low modulus, can have high strength but lower then metals 

and low electric and thermal conductivity. 

Elastomers have very low modulus, are very weak and brittle, and can have 

moderate electric and thermal conductivity. 

Ceramics have high modulus, are very weak and brittle, and have very low 

electric and thermal conductivity. 

Glasses have high modulus, are very weak and brittle, and very low electric 

and thermal conductivity. 

A hybrid is a combination between at least two of the broad families; metal, 

polymers, elastomers, ceramics and/or glasses. This makes it possible to 

create materials with attractive engineering characteristics from the other 

broad families without some of their draw-backs [30]. 

3.3.1 Aluminium 

Aluminium, and aluminium alloys, is a widely used material. It is the low 

density in relation to the strength that has made aluminium the next most 

used metal after iron. Other positive properties are good resistance against 

corrosion, easy to recycle and good machinability. Both the thermal and 

electrical conductivity are very high. 

A difference between steel and aluminium is that aluminum lacks a fatigue 

limit. Thus, the life length, number of cycles, has to decide the failure 

strength. 

Aluminium is suitable for casting, machining and extruding. Unalloyed 

aluminium is used in extruding processes. When casted, common alloy 

materials are silicon and magnesium. 

Anodizing is a surface finishing method used for aluminium. The normal 

oxide layer is a good protection of corrosion, but anodizing gives the surface 

a layer that is about 1000 times thicker. There is also a possibility to color 

the surface in the process. Another sort of surface finishing is paint. There is 

a wide range of selectable painting colors. 

Primary aluminium is produced through a chemical process from the 

bauxite. The energy consumption for that process is high. To make 

aluminium from scrap saves about 95 % of the energy. The recycled 

material is called secondary aluminium. One problem with extrusion is that 

it practically needs to be made of primary aluminium or scrap directly from 

extruded products. Aluminium that has been cast is not pure enough for 

extrusion [31]. 
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3.3.2 Plastic 

Plastic consists of polymers and additives. Polymers are long chains of 

monomeric molecules. The properties of the plastic vary with the used 

monomers and additives. Plastics can also be reinforced with for example 

fiberglass. 

Plastics can be divided in thermoplastics and thermosets. There are chemical 

bonds between the polymeric chains. Thermoplastics have weak bonds that 

break when the plastic is heated. This makes it possible to recycle a 

thermoplastic after the product’s life is over. Thermosets on the other hand 

have strong chemical cross links, which will not break before the polymers 

do. This gives problem with the recycling. They have to be burned or used 

as filling material in production. 

Aging is the corresponding term for corrosion in the world of plastics. A 

plastic ages because the polymers are slowly decomposed by, for the plastic, 

a harmful environment. Signs of aging are that the plastic gets more brittle, 

nontransparent or discolored. 

Examples of plastics are ABS, PA, Bakelite, epoxy, PE, PF, PTFE, PC, MF, 

PP, PS, UF and PVC. 

Almost every polymer is viscoelastic. A viscoelastic material has both 

elastic and damping characteristics. The damping property of polymers can 

be used as an instrument to minimize vibrations. As a result of the plastics 

being viscoelastic, their properties are time dependent [31]. 

3.3.3 Steel 

Steel can be divided in the groups alloy steel and carbon steel. Carbon steel 

is unalloyed steel, with iron and carbon as ingredients. Alloyed steel has 

also other elements to it. Varieties of steel have different properties 

depending on the alloying elements, heat treatment and surface treatment. 

Steel can also be categorized after the area of use or properties. Examples 

are tool steels, stainless steels, structural steels and spring steels [31]. 

3.4 Material Selection Method 

The process of selecting materials begins with all possible materials and 

narrows them down to one selection. In the start, rough data and properties 

are sufficient to narrow it down. When different concepts are made of a part, 

it is probably the case that one material is not the best choice for all the 

concepts. 

The narrowing down process is visualized in Figure 4. The design 

requirements have to be translated to the language of material properties. 

Setting constraints makes it possible to screen for materials that does not 
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fulfill the requirements. In the end, a ranking can be done for choosing the 

most suitable material. 

 

 

Figure 4 Narrow down materials to a final choice [30] 

Requirements may come from failures and problems with existing products. 

Failures are an important source of information that should be used by 

manufacturers. The new information is often a ground for changing the 

design or the material. 

The selection of material cannot be done alone. Consideration of production 

and assembling methods has to be taken. The selections have to be done in 

parallel. Figure 5 describes the interactions deeper. The overall choice is 

depending on the material, shape, and process. They all interact. Help is 

gathered through identifying constraints for the material and objectives for 

the design. The constraints are used to exclude materials that cannot do the 

job. The objectives (an example is to minimize the volume) can be used to 

rank materials. After the ranking, deeper knowledge about the material and 

production methods has to be searched for [30]. 

 

 

Figure 5 Interactions in the material selection process [30] 
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3.5 Friction between Disks 

To estimate friction between disks, equations derived for clutches can be 

used. There are mainly two important equations. One for uniform friction 

and one for uniform wear rate. Eq. 1 for uniform wear rate is used to 

calculate moment (M) from a clutch with worn in plates. µ is the friction 

coefficient, P is the force between the disks and R is the radius. The moment 

is a factor ¾ lower when the plates are worn in, compared to new disks [32]. 

 

 
𝑀 =

1

2
𝜇𝑃𝑅 Eq. 1 

3.6 Deflection and Spring Rate 

Some useful deflection and spring rate formulas are covered in Table 49 in 

Appendix B. Other names for spring rate are spring constant and spring 

scale. The symbol for linear deflection is k and the symbol for angular 

deflection is K. The formulas for K´ in Table 50 in Appendix B are used 

with the torsional deflection in Case 2 in Table 49 in Appendix B. The 

moment of inertia is calculated based on the dimensions of the beams cross 

section. Figure 34 in Appendix B shows how the moment of inertia is 

calculated from some cross sections. Figure 32 and Figure 33 in Appendix B 

shows calculations of the deflection in different situations. 

3.7 Thread Bearing Stress and Its Distribution among Threads 

When a bolt and a nut are used to clamp two members together, the 

clamping force (P) applies high pressure on the threads. Figure 6 shows the 

force flow through the threads. 
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Figure 6 Force flow through a bolt and nut in tension [32] 

 

The pressure area, Athread, for each thread is calculated by Eq. 2: 

 

 
Athreads =

π × (d2 − di
2)

4
 Eq. 2 

d = Outer diameter of the bolt 

di = Inner diameter of the nut 

 

The amount of threads is calculated by dividing the length of the threaded 

area in contact, t, with the pitch of the bolt, p, as shown in Eq. 3. 

 

 
Nthreads =

t

p
 

Eq. 3 

 

By dividing the clamp force, P, with the pressure area, Athread and the 

number of threads, Nthreads, the thread pressure, σ can be calculated, see Eq. 

4. Inserting Eq. 2 and Eq. 3 in Eq. 4 give the expression for σ in Eq. 5 [32]. 
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σ =

P

Athreads × Nthreads
 

Eq. 4 

 

 
Athreads =

π × (d2 − di
2)

4
 Eq. 2 

 

 
Nthreads =

t

p
 

Eq. 3 

 

⇒ σ =
P

π × (d2 − di
2)

4 ×
t
p

 

 

 
⇒ σ =

4 × P

π × (d2 − di
2)

×
p

t
 

Eq. 5 
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3.8 Maximum-Octahedral-Shear-Stress Theory 

Tests of ductile material profess that a ductile materials reaches plastic 

deformation at lower stresses if they are affected by shear stress, compared 

to tensile stress, see Figure 7. 

The connection between shear stress (SSy) and tensile stress (Sy), is shown 

in Eq. 6 [32]. 

 

 

 

 

Figure 7 Two beam affected by tensile stress (left) and shear stress (right) 

  

 SSy = Sy × 0.58 Eq. 6 
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3.9 Analysis Model 

The analysis model in Figure 8 describes the work flow of the project. It 

includes the following theory parts in the order they are used. 

 

 

Figure 8 Analysis model of the project. 

3.9.1 Identify and Analyze the Current Model 

3.9.1.1 Interviews (Company and Customers) 

To get a better understanding of the current situation, the company is and 

the customers are interviewed. The comments from the interview with the 

company are used in a FMEA analysis of the current model of the product. 

3.9.1.2 FMEA Analysis 

To get a better insight of the current situation, a FMEA analysis is 

implemented. Through this analysis the problematic and important 

processes and functions can be identified, as well as how the problems 

appear and the problems consequence. The results are presented in a FMEA 

form as illustrated in the description of the FMEA. 

3.9.1.3 Environmental Impact Analysis 

To estimate the environmental impact of the existing product, an 

environmental impact analysis is performed on its materials and 

manufacturing process. 
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3.9.2 Define the Targets of the New Improved Model 

3.9.2.1 Interviews(Information about Visually Impaired) 

Information about visually impaired and special requirements they have on 

the products is collected through interviews. The target group is people with 

good knowledge about what visually impaired needs during the week day.  

3.9.2.2 Kano Model 

To amplify the analysis of the current situation, the Kano model is used to 

identify unspoken costumer demands. The unspoken demands are based on 

the comments from the interview with the company and the spoken 

demands are based on the comments from the interview with the customers. 

3.9.2.3 Affinity Process 

To analyze the current situation, the affinity process is used to summarize 

the customer comments and the unspoken customer demands into desired 

product traits. The type of technique used in the affinity process depends on 

the amount of comments collected from the research method “qualitative 

interview”, summed up with identified unspoken costumer demands. The 

results are presented in an affinity diagram. 

3.9.2.4 Measure and Calculate Important Features 

Measurements and calculations are performed to identify some engineering 

characteristics on the docking station. They will also be used to identify 

some features that the new model has to fulfill. The results of the 

engineering characteristics are presented in a table and the features are 

presented in a checklist, with added explanations. 

3.9.2.4.1 Deflection and Spring Rate 

Calculate the theoretical required docking force to dock the camera into the 

docking station based on the deflections in the walls. 

3.9.2.5 House of Quality 

The house of quality identifies specific measures required for the product to 

function with its surrounding. The selection of measures are based on the 

comments from the company, the competitors and test subjects are 

generated from literature and database studies and the product requirements 

are based on the results from the affinity process. Other requirements to 

create the house of quality, like the importance of the product requirements, 

technical difficulty and estimated costs are assumed by the authors based on 

comments from the company. The results are presented in a house of quality 

diagram. 
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3.9.2.6 Define Functional Requirements 

Based on the interviews with the company and the customers, use cases are 

generated. From the use cases, the functional requirements are defined and 

presented in a table. 

3.9.3 Generate Concepts of the New Model 

3.9.3.1 Explore the Design Space 

Here, concept fragments are generated, based on more detailed descriptions 

on the high prioritized use cases, and combined into different concepts. The 

combination of the fragments is presented in a table. 

3.9.3.2 Optimize Design Choices 

Here the generated concepts are evaluated, based on the product objectives. 

The concepts that best fulfills the objectives are presented in drawings. 

3.9.4 Material Selection 

3.9.4.1 Matching Material to Design 

The selection of material is based on the product objective of the product. 

The selected material is added into the drawings. 

3.9.5 Analyze the Final Concept 

3.9.5.1 FMEA 

To evaluate the new model compared to the old one, another FMEA 

analysis performed on the new model. The new FMEA is based partly on 

the problematic processes and functions from the old model and the 

production method and material used to produce the new model. During this 

analysis the likelihood, severity and chance of detecting failures are re-

evaluated and compared to the results from the first FMEA. 

The results are presented in a FMEA table. 

3.9.5.2 Environmental Impact 

To estimate the environmental impact of the new product, an environmental 

impact analysis is performed on its materials and manufacturing process. 

The results are presented in a table. 

3.9.5.3 House of Quality 

To estimate the difference in customer satisfaction between the old model 

and the new model, it is evaluated in a house of quality, with the old model 

as the competitor. This house of quality is based on the other house of 

quality. 
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3.9.6 Evaluate 

An evaluation of the new concept is done based on the difference between 

FMEA analyses, environmental impact analysis and customer satisfaction in 

the two Houses of quality. 
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4 Empirics 

4.1 Define and Analyze the Current Model 

The main function of the docking station is to connect a camera (reading 

camera) to a screen and hold the camera in place. The camera is called 

MagniLink S or shorter; MLS, see Figure 9 (left). The current model is 

attached to a supporting table where the camera focuses on a readable 

object. The table is called XY-table or simply reading table and can be seen 

in Figure 9 (right). 

 

 

Figure 9 Left: MagniLink S reading camera. Right: Reading table. 
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Today it is mainly used by visually impaired at work or at school. The 

camera is simply docked by placing it down in the docking station. When 

the camera is docked, the docking station makes it possible to turn it 

sideways manually, and focus on object around the room. The picture of the 

object is transferred from the camera, through the docking station to a 

computer screen. Figure 10 shows when the camera is docked in the 

docking station. To undock the camera it is simply pulled up from the 

docking station and put away. 

 

 

Figure 10 View of MagniLink S docked in the docking station with the supporting table 
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Figure 11 shows the docking station before the camera is docked. The big 

black plastic component is called docking base. It is the backbone of the 

docking station. Its functions are to hold the camera and hold the cables in 

place to fit the connectors on the camera. 

 

 

Figure 11 Rear side of the docking station without the camera 
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Figure 12 shows the rear end of the camera and also the inside of the 

docking station where the camera is docked. There are three cables with 

their ends sticking up from the bottom of the docking base. 

Comments from the company LVI, the customers and the users of the 

product contain more detailed descriptions of the current model and the 

desired model. The essential for visually impaired to manage the day also 

describes criteria that the new model may have to fulfil. 

 

 

 

Figure 12 View of the connectors in the rear end of the camera and the corresponding connectors  

in the docking station 
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4.1.1 Interview with the Company 

The comments are gathered through interviews with the staff. The questions 

were asked in Swedish and can be seen (together with English translations) 

in Appendix C. 

4.1.1.1 Important Functions 

The most important function of the docking station is that it makes it 

possible to use the MLS with the reading table. The movable reading table 

gives more ergonomically work, Figure 13 shows the reading table folded 

out. That makes it possible to use the MLS longer time without getting tired. 

The docking station also lets the user dock the MLS in one motion 

(downwards into the docking station). The docking station is a link between 

two existing products (the reading table is used in other systems, as the 

MagniLink Vision). The unexpressed needs were not specifically 

recognized when the docking station was designed. No list of specifications 

has been made. The functions of the docking station are verified by tests 

after the assembling process. 

 

 

Figure 13 Folded out table. 
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4.1.1.2 Materials and Manufacturers 

LVI uses suppliers for the manufacturing of parts. The assembling is done in 

Växjö. The parts, materials and manufacturers are showed in Table 2. 

Table 2 Parts of the docking station 

Part Material Processing 

method 

Supplier Location of 

production 

Docking base Plastic: PC 70% 

ABS 30% 

Injection 

molding 

Accurat China 

Rotation SMS Steel Pressing, laser 

cutting and 

welding 

Jålek Sweden 

Plate Steel Laser cutting Jålek Sweden 

Sliding bearing Plastic: PE Stamping Accurat China 

 

4.1.1.3 Customers and Other Products 

The products are sold by affiliates in the Nordic region and some European 

countries. In Sweden the products are supplied to vision clinics 

(“syncentraler” in swedish). It is also possible to purchase a system directly 

from LVI, though many countries have social insurances that cover some of 

the costs when they are bought from a reseller. In the rest of the world the 

products are sold to other companies that sell vision aiding products to 

customers. Many of the docking stations are sold in the US. 

There are companies selling similar products to the reading camera MLS. 

No competing system including a docking station has been identified 

though. 

4.1.1.4 Problems 

One of the main problems is that the size and tolerances connectors have 

differed between different batches of connectors. Sometimes it depends on 

suppliers using second sources, instead of the same manufacturer. 

Another main problem is the cables are either too lose or too hard mounted 

with screws. If a cable is too lose, it can be pushed down when the MLS 

docks. Hence it will not give a signal and the docking station has to be 

disassembled to fix the problem. If the screw that holds the cable is too hard 

tightened, it can damage the cable. The assembling takes too much time on 

the current design, mainly depending on the problem with the cables. 

A problem in the production is the points of attachment for the connectors’ 

circuit board in the base of the MLS. The part is of die casted aluminum. 

The attachments are done by machining after the casting process. The 

problem is that the attachments sometimes have different heights, causing 

the circuit board to be in slightly wrong position. The connectors then do 

not fit correctly with the cables in the docking station. 
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Less important problems are the rotation angle and the lamp. The direction 

of the camera can both be adjusted by a rotation in the docking station and a 

rotation of the camera. The combination gives a quite good rotation angle, 

though the rotation in the docking station can be improved. On the MLS 

there is a built-in lamp in the arm. The lamp is however covered by the base 

of the MLS when the base is folded. (The base has to be folded when used 

with the docking station.) If the lighting is placed too close to the camera 

unit the light may be reflected on the paper on the XY-table and back in the 

camera. Then the image from the camera is just a lot of light and therefore 

text is not recognizable by the computer. 

4.1.2 Interview with the Customers 

This section was supposed to include comments that the authors have 

collected themselves. Evidently is there very few that use the product in 

Sweden. Replies about customer contact information from the vision clinic 

center in Växjö and data resource center DAHJM in Lund is still awaited. 

The product is more popular in America and LVI has provided contact 

information to the contact person to the LVI Company in Missouri, Jerry 

Nagel. The question form, in Appendix D, has been sent to him and his 

reply is still awaited. 

Due to limited time, the comments used in this part are comments on the 

existing model that were sent to a feedback mail LVI uses for gathering 

feedback. Here they are translated from Swedish by the authors 

 From TSB: 

The customers want 360 degrees ability to turn on MLS-A101 (the 

docking station). 

 From LVI in Denmark: 

The customers want an alternative placement of lighting when they 

use the MLS-A101. 

 From LVI in Finland: 

We want to report that the internet cables, from the control panel, 

on the MLS docking station ports are loose. 

Please secure that the connection is firm and do not come loose if 

the control panel is hanging or if they are pulled a bit too harsh. 

 From LVI Sweden: 

According to the customers, the docking stations attachment is a 

weak point. The MLS does not sit steadily in the holder. 

4.1.3 FMEA Analysis 

A failure modes and effects analysis is done on the existing model and 

presented in Table 51 in Appendix E. The parts of the docking station that 

are examined are the docking base, the connectors on the camera and 

screws. Bolt, nut and sliding bearing (for the rotating function) are treated as 

one component. Numbers are estimated based on comments from the 
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company. From the risk priority number (RPN) it can be seen that the most 

prioritized failure mode should be “Cables loosens or slides through the grip 

of the screws”. Naturally, as commented from the company, this is also the 

biggest concern. The components that lead to this problem are the screws 

that hold the cables. Damaging the cables by tightening the screws to much 

is also the third ranked issue. Clearly, there is a problem with the system 

(the screws) that holds the cables and it needs to be solved. 

4.1.4 Environmental Impact 

The environmental impact from the existing model is calculated. Due to 

limited time, the material, the production method and the waste treatment 

are only taken into consideration. Small parts as screws, pins, nuts and bolts 

are neglected due to their small mass in comparison with the bigger parts. 

Rotation SMS is divided in two separate parts (they are welded together in 

the production, welding is neglected). Production information on the current 

model is displayed in Table 3. 

From the sustainability reports, created from SolidWorks on each part, the 

weight of each part is determined. See Table 52, Table 53, Table 54, Table 

55 and Table 56 in Appendix G. The detail Rotation SMS consists of two 

parts. 

The environmental impact is calculated with Eco Indicators 99 (Appendix 

E). Notes on the calculations can be seen in Appendix G6.There is no data 

for laser cutting, so it will be neglected. The information is seen in Table 3. 

The score was summed to 184 millipoints. 

 

Table 3 Environmental impact from the current model 

Part Material Processing 

method 

Mass (kg) Environmental 

impact (millipoints) 

Docking Base Plastic: PC 70% 

ABS 30% 

Injection 

molding 

0.226 116.2 

Rotation SMS 

(part 1) 

Steel Pressing, laser 

cutting and 

welding 

0.404 17.9 

Rotation SMS 

(part 2) 

Steel Laser cutting  17.5 

Plate Steel Laser cutting 0.349 30.5 

Sliding 

Bearing 

Plastic: PE Stamping 0.0048 1.6 

Total   0.98 184 

4.2 Define the Targets for the New Model 

In this section, the targets and goals of the new model are determined. 



 

45 

 

Tim Johansson and Pontus Nilsson 

4.2.1 Interview with Visually Impaired 

The transcript of an interview with Janne Karlsson, head of operation in 

Handikapprörelsens Idé- & KunskapsCentrum (Centre of idea & knowledge 

is available in Appendix H. Jan is visually impaired and has experienced 

many degrees of visual impairment. His input is used in this work. 

4.2.2 Kano Model 

Comments and ideas from the sections Interview with the Company, 

Interview with the Customers and Interview with Visually Impaired are 

gathered. First the comments are listed down below in the two groups 

expressed needs and unexpressed needs. In Kano Model and Affinity 

Process 

Table 58 in Appendix I the comments are divided in accordance with the 

Kano model. 

4.2.2.1 Expressed needs 

The customer comments are treated as expressed needs. There are four 

comments. 

 The customers want 360 degrees ability to turn on MLS-A101 (the 

docking station). 

 The customers want an alternative placement of lighting when they use 

the MLS-A101. 

 We want to report that the internet cables, from the control panel, on the 

MLS docking station ports are loose. Please secure that the connection is 

firm and do not come loose if the control panel is hanging or if they are 

pulled a bit too harsh. 

 According to the customers, the docking stations attachment is a weak 

point. The MLS does not sit stably in the holder. 

4.2.2.2 Unexpressed needs 

Following comments are seen as unexpressed needs. 

 

The answers from the interview with visually impaired is collected below in 

comments: 

 One lean more on vision than hearing. 

 When connecting wires into a complicated device, I need someone to 

show me how it is done. 

 It can be good to implement more needed force to connect two parts, if a 

function that for example snaps if the procedure was successful. 

 If it is too tough to connect two parts, one can be scared that the parts 

breaks when too much force is used. 

 The most important safety feature is clear instructions. 
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 The modern technology is not as durable as it used to. 

 Essential parts shall be shown on complemented pictures. 

 A user description by sound can be implemented to understand how to 

use the product. 

 As instructions, stickers and markings can used as complements, but 

should not only be leaned on. 

 I think that guidance arrows are good. 

 When reading text by touch, some letters can be mixed together. 

 It is not common for people with visual impairment to understand 

embossed printing. 

 

As commented from the company: 

 The most important function of the docking station is that it makes it 

possible to use the MLS with the reading table. 

 The docking station also lets the user dock the MLS in one motion 

(downwards into the docking station). 

 One of the main problems is that the size and tolerances connectors have 

differed between different batches of connectors. 

 If the screw that holds the cable is too hard tightened, it can damage the 

cable. (the screw shall not damage the cable) 

 Lighting must not be placed where it cause reflections on the surface that 

the camera is reading. 

The comments below are not expressed by the costumers or the company. 

They are constructed by thinking of how the present product works and 

things that can go wrong. 

 One of the main functions of the docking station is to hold the camera in 

place. 

 To be able to see a picture the camera should stand still. So, it would be 

appropriate for the docking station to hold the camera still. 

 To move the docking system around, the whole table has to be moved as 

well. So, to reduce the carrying weight it seems appropriate to make the 

docking station as light as possible. 

4.2.3 Affinity Process 

The affinity process is used to summarize comments about the product. The 

same comments as above are used. The result can be viewed in Table 59 and 

Table 60 in Appendix I. The summaries of the groups are: 

 Make the docking station easy to understand 

 Make the docking station easy to use 

 Make the docking station reliable 

 Make the docking station safe 

 Make the docking station sturdy 
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4.2.4 Measurements and Calculations 

4.2.4.1 Required torque to turn the docking station 

The rotational function in the existing docking station is examined. The 

measurement is done on a used one that was sent in for maintenance. The 

nut is tightened with a torque wrench (with a range of 1-5 Nm) in steps of 1 

Nm. The force required to start the MLS to rotate is measured with a force 

meter. In the last measurement of the required torque the torque is not 

measured, but tightened with an ordinary wrench to a higher torque than 5 

Nm. The approximate torque is 10 Nm. It is hard to tighten the nut more 

without holding the steel plate with a tool. The lever arm is measured to be 

0.25 m long. The moment is calculated by multiplying the force with the 

lever arm. 

As can be seen in Table 4, there are variations in the required forces. This is 

probably due to holding the force meter by hand when testing. By 

evaluating the feeling of how hard it is to rotate the MLS, some values can 

be classified as smooth or hard. The smooth part is approximately below 2 

N and above it can be classified as hard. Close to 3 N is considered to be too 

hard because the MLS starts to flex a bit and it is not a stable grip in the 

docking base any longer. 

 

Table 4 Measured forces to start rotational motion 

 

4.2.4.2 Required force to dock the camera 

The force to dock the camera is mainly created by the deflections in the 

wall. To calculate this force, the equations in the second case in Figure 32 

and the first case in Figure 33 will be used, in Appendix B. The equations 

are shown below (Eq. 7 and Eq. 8). 

  

Torque on 

nut (Nm) 

Feeling Force to start 

rotation (N) 

Moment to start 

rotation (Nm) 

2 Very smooth rotation, no play in the 

bearing 

1.76 0.44 

3 Still smooth A and B 1.83 0.46 

4 No big change in feeling 1.87 0.47 

5 Smooth in the middle (B) and 

medium hard to rotate in A and C 

1.64 0.41 

Appr. 10 Hard to rotate, the arm is flexing a 

bit 

2.89 0.72 
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δ =

P × (x2)

6 × E × I
× (3 × a − x) 

Eq. 7 

 

 
δ =

P × (L3)

192 × E × I
 

Eq. 8 

 

To calculate the force P, the following variables are needed: 

 δ: Deflection in the walls 

 x: Distance from the bottom of the wall to where the interesting deflection 

appears 

 L: Width of the walls 

 E: Modulus of Elasticity in the material in the wall (equal between Eq. 7 and 

Eq. 8) 

 a: Distance from the bottom of the wall to where the force P is applied 

 I: Moment of inertia (different between Eq. 7 and Eq. 8 if the wall not is a 

square) 

The variable x in Eq. 7 is the distance from the wall up to where the 

deflection is measured. For this project, it is in the same spot as where the 

force is applied, so x = a. 

Variable I is calculated with Eq. 9, the equation from the first case in Figure 

34 in Appendix B. 

 

 
I =

b × h3

12
 

Eq. 9 

 

The variables b and h are the side lengths of the cross sections of the figures 

of Figure 40 and Figure 41. The variable b is the length of the side that goes 

vertical against the deflection length and h is the side that is parallel with 

that deflection length. In Eq. 7, the cross section is horizontal to the bottom 

of the wall, where b represents the width of the wall (b1) and h represents 

the thickness of the wall. In Eq. 8 the cross section vertical to the bottom of 

the wall, displayed into the side of the wall. Here b represents the length of 

the wall (b2) and h represents the thickness of the wall. So, to calculate the 

moment of inertia in both Eq. 7 and Eq. 8 the length and thickness of the 

wall is needed as well. 

Further on, the vertical part of the force P is calculated the vertical force, 

because that is the part of the force that works against the docking 

procedure. This vertical force partly consists of the force P, but is also 

created by the friction force. To calculate the friction force and the total 
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vertical force, the friction coefficient between the camera and the docking 

station and the angle of the walls are needed. 

Summarization of the needed dimensions can be seen in Table 5. 

 

Table 5 Needed dimensions for calculating the docking force 

Deflection in the walls δ 0.13 mm 

Distance from the bottom of the wall to the deflection x 50.73 mm 

Width of the walls L (b1) 40 mm 

Distance from the bottom of the wall to where the force P is applied a 50.73 mm 

Length of the wall b2 22.83 mm 

Thickness of the wall h 2.53 mm 

Angle of the walls α 1 degree 

(inward) 

 

The measurements on the docking station and the camera foot was done 

with a digital caliper. The values and the angle of the wall are presented in 

Figure 40 and Figure 41 in Appendix L. The angle was estimated to be 1 

degree, with help of protractor and a ruler, where the protractor was laying 

on the top of the docking station and the ruler was angled against the wall. 

The Modulus of Elasticity in the material in the wall is retrieved from Table 

62 and the friction coefficient is retrieved from Table 61, in Appendix K. 

The deflection and distance from the bottom of the wall to where the force P 

is applied was estimated by putting the sketches together and measuring the 

variables, se Figure 42, Appendix L. 

From calculations in Appendix J, the required force to dock is determined to 

be about 250 N. 

4.2.5 House of Quality 

A house of quality is done and presented in Figure 43 in Appendix M. The 

outcome from Affinity Process is rewritten to an appropriate language for 

the house of quality. Thus the product objectives are: 

 The docking station is easy to understand 

 The docking station is easy to use 

 The docking station is reliable 

 The docking station is safe to use 

 The docking station is sturdy 

Their relative importance is estimated through comparing them with each 

other. Easy to use is rated most important, though all of the objectives are 

considered to be quite important. 
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The existing product “MLS Docking Station” is used for customer 

perception, which is based on comments from the customers and the 

company. 

Engineering characteristics are formed by thinking about what 

measurements are important to characterize the product objectives. Their 

mutual relationships, as well as their relationships with the product 

objectives, are displayed. The engineering characteristics are: 

 Docking force. The docking force is how much force is required to dock 

the MLS in the docking station. The force is important for how easy it is 

to use the docking station. Not only the feeling but also how sturdy the 

station is. 

 Carrying load. The load is what load the docking station shall be able to 

carry. In this case, the number 1.7 kg is the mass of a MLS. It is 

measured with a scale. 

 Moment to rotate. This is the moment that is required to rotate the 

camera. The moment is about 2 Nm according to the measures made. 

 Mass. The mass is calculated in SolidWorks from each part. The target is 

set as the same mass as today. 

 Time to dock. The docking time is estimated to be 5 s on the current 

docking station. The target is set as the same time due to that it could be 

hard to design a new model with faster docking process. The current 

model is already designed to make the docking procedure fast. 

The technical difficulties and the estimated costs of achieving the targets are 

rated. 

4.2.6 Define Functional Requirements 

Table 63 in Appendix N shows the generated primary use cases and their 

priorities. It is estimated that the most important functions are “user docks 

the camera” and “user handles the docking station”. These two cases 

describe the most important functions of the docking station. Due to limited 

time, the rest of the use cases are prioritized as low. The exception is “user 

undocks the camera”, which is an important function but can in many cases 

be identical to “user docks the camera”. 

The description of the high prioritized primary use cases is presented in 

Table 64 and Table 65 in Appendix N. 

Table 66 in Appendix N shows the generated secondary use cases and their 

priority. Due to that all these cases lead to the docking station or the user 

getting harmed, all the use cases are prioritized as high. The two exceptions 

are “user spills liquid or food on the docking station” and “user stores stuff 

in docking station”. “User spills liquid or food on the docking station” is 

estimated to be very hard to prevent and due to lack of time it is prioritized 

as medium. “User stores stuff in docking station” is prioritized as low 

because that this also is estimated to be very hard to prevent and it is very 

unlikely that someone stores stuff in electric outlet. 
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The description of the high prioritized secondary use cases is presented in 

Table 67, Table 68, Table 69 Table 70 and Table 71 in Appendix N. 

The functional requirements are presented in Table 6 (same as Table 72 in 

Appendix N). 

 

Table 6 Detailed functional requirements 

Index Originating Requirement Abstract Name 

OR1 The system shall hold the camera in a stable position Hold 

OR2 The system shall transfer power between camera and computer Transfer power 

OR3 The system shall transfer signals between camera and computer Transfer signals 

OR4 The system shall rotate when user push or pull on the camera Rotate 

OR5 The system shall not affect the computer or screen when rotated Reliable rotate 

OR6 The system shall release the camera Release 

4.3 Generate Concept of the New Model 

Here is the new concept of the docking station created. 

4.3.1 Explore the Design Space 

Table 73 and Table 74 in Appendix O presents more detailed descriptions of 

the high prioritized use cases. 

Following steps are selected to be used when creating the concepts: 

 The system shall give a confirmation when the camera is docked 

 The system shall hold the camera in a stable position 

 The system shall transmit signals between camera and computer 

 The system shall rotate around the vertical axis 

 The system shall be easy to rotate 

A list of possible solutions to these steps, generated through brainstorming, 

is presented in Table 75 in Appendix N. 

Table 76, Table 77, Table 78, Table 79 and Table 80 in Appendix O show 

how the solutions are listed into different categories and the less thinkable 

solutions are scratched from the tables. 

In Table 81, Table 82, Table 83, Table 84 and Table 85 in Appendix O the 

remaining solutions are presented. 

The solutions to “The system shall give a confirmation when the camera is 

docked” and “The system shall hold the camera in a stable position” are 

integrated with each other, see Table 86 and Table 87 Appendix O. The 

integrations create new combined concept fragments. 
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The solutions to “The system shall rotate around the vertical axis” and “The 

system shall be easy to rotate” are also integrated into different concept 

fragments; see Table 88 and Table 89 in Appendix O. 

In Table 7, three main concepts are summarized. They are extracted from 

Figure 44, Appendix O. In that figure the combinations of all the concept 

fragments are shown. 

 

Table 7 The concept fragments of three main concepts 

Concept The system shall hold the 

camera in a stable position 

and give a confirmation 

when the camera is docked 

The system shall 

transfer signals 

between camera and 

computer 

The system shall 

rotate around the 

vertical axis and be 

easy to rotate 

1 Tight walls that gives 

noticeable force differences 

Camera connector 

mating with connector 

on circuit board, 

connecting to computer 

with wire 

Bolt with nut and 

sliding bearing 

2 An opening with tactical 

markings 

Cables directly to the 

camera connectors via a 

hole in the docking 

station 

Bolt with nut and 

surface lubrication 

 

3 Latches making noticeable 

sound 

Camera connector 

mating with fixed cable 

from computer 

Integrated pin with 

threads and nut and 

ball bearings 

 

The lines in Figure 44 (Appendix O) represent the three main concepts that 

are believed to have the highest potential. Some of the fragments that are 

not considered as good solutions in some way are strikethrough. Other 

combinations could be possible but are not further examined in this project. 

4.3.2 Optimize the design choice 

Table 90 in Appendix O shows the selected goals that will guide the choice 

of concept. 

In Table 91 (Appendix O) each concept is rated how good they fulfils the 

goals. Each rating is estimated. 

From the House of quality (Figure 43 in Appendix M), the weight of each 

goal is collected; see Table 92 in Appendix O. 

Table 8 shows the final ranking of the concepts and also that concept 1 is 

selected. 
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Table 8 Concept selection 

Attribute 

name 

Weights Concept 1 Concept 2 Concept 3 

  Rating Weighted 

score 

Rating Weighted 

score 

Rating Weighted 

score 

Easy to 

understand 

0.2 3 0.6 3 0.6 3 0.6 

Easy to use 0.23 3 0.69 2 0.46 2 0.46 

Reliability 0.17 3 0.51 3 0.51 2 0.34 

Safety 0.21 3 0.63 4 0.84 3 0.63 

Sturdy 0.19 3 0.57 1 0.19 2 0.38 

Total score  3 2.6 2.41 

Rank  1 2 3 

Continue?  Yes No No 
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4.4 Final Concept 

Figure 14 presents the assembled final concept. The model is developed 

from Concept 1 in previous section and made in SolidWorks. The grip has 

about the same geometrics as the existing model. 

 

 

Figure 14 Front-side view of the final concept 
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Figure 15 shows an exploded view of the model from front side. Sliding 

Bearing and Plate is the same as in the existing docking station. Rotation 

SMS is redesigned to have less material. New parts are Cable Holder and 

Circuit Board. The Cable Holder is a part that secures the cables so they do 

not risk harming the circuit board if a force is applied to a cable. 

 

 

 

Figure 15 Exploded view (front-side) of the final concept 

 

  

Body (New Docking 

base) 

 

 

 

 

Cable Holder 

 

Circuit Board 

 

 

New Rotation SMS 

 

Sliding Bearing 

 

 

Plate 
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Figure 16 (left) displays where the circuit board is located in Body. Docking 

Base is redesigned; most of the changes are on the bottom side, on the lower 

half. 

The circuit board is mounted from beneath in the body. Cable Holder is also 

visible next to the circuit board in Figure 16 (left). The cables are ment to be 

going from the circuit board via the Cable Holder and out through the hole 

on the rear side of Body. 

The camera is docked from the top in the cavity in the body. In Figure 16 

(right), the docking port is sticking up from the bottom of the cavity. 

Detailed drawings of the new parts are shown in Appendix P. 

 

  

Figure 16 Left: Section view shows where the circuit board and Cable Holder are fixed in Body 

Right: Final concept from above 

4.5 Material Selection 

The product objectives are the following: 

 Make the docking station easy to understand 

 Make the docking station easy to use 

 Make the docking station reliable 

 Make the docking station safe 

 Make the docking station sturdy 

The first objective “Make the docking station easy to understand” is hard to 

define in material specifications, so this is not treated in this part.  

“Make the docking station easy to use” can mean that it should be easy to 

dock the camera into the docking station (it does not require high force to 

dock the camera). From the calculations in Appendix J on the material 

properties that affect the required docking force is the modulus of elasticity, 

E. The docking force increases proportional to the modulus of elasticity, so 

by selecting a material with lower E decreases the required docking force. 



 

57 

 

Tim Johansson and Pontus Nilsson 

“Make the docking station easy to use” can also mean that the docking 

station is easy to rotate (it does not require high force rotate the docking 

station). Eq. 10 (see section 3.5 Friction between Disks) describes the 

required torque to rotate to rotate a disk (M), based on its radius (R), the 

normal force affecting the disk (P) and the friction between the disks (µ): 

 

 

𝑀 =
1

2
𝜇𝑃𝑅 

Eq. 

10 

 

As shown in the equation, the required torque and the friction coefficient 

increases proportional, so if a material that creates a lower friction 

coefficient, the required torque decreases. 

 “Make the docking station reliable” can mean that the docking station is 

strong. This means that, for example that, the material should have enough 

high yield strength. 

“Make the docking station safe” is not treated in depth here, due to limited 

time. This will basically mean that the material shall not be a hazard for the 

user, like not toxic, sharp when added to the design etc. 

“Make the docking station sturdy” can mean that the material should have a 

relatively high elasticity modulus, related to its design. 

The second objective is selected as highest priority, related back to the 

House of quality (Figure 43 in Appendix M). Due to this the selected 

material shall fulfil following statement: 

The material shall have a relatively low E-modulus, but not to low that the 

docking station can be bent by human force. The materials yield strength 

shall also be high enough to not break by the force from for example screws. 

The material in the sliding bearing shall have low friction coefficient. 

From looking at Table 93 in Appendix R, the plastic with the lowest E-

modulus is PP plastic. It´s E-modulus is about a fifth of the E-modulus in 

the material in the current model. Due to this, it is assumed that the 

dockings station will not be able to bend by human force. From the 

calculations in Appendix Q, the new material can handle pressing forces 

through two M3.5 bolts, up to about 1700 N. This calculation does not take 

any consideration to stress factors, but the material is still estimated to be 

strong enough to withstand the force from the screws. 

From looking at Figure 45 in Appendix R, the plastic with that the sliding 

bearing has today is the next lowest friction coefficient is PE plastic. Due to 

this, PE-plastic is selected to be in the sliding bearing in the new model as 

well. 

This material is selected to be used in the docking base and the cable holder. 

Due to limited time, the rest of the selected materials to the other parts are 

the same material from the current model: plain carbon steel. 
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4.6 Analyze the Final Concept 

4.6.1 FMEA Analysis 

To assess the risk of failure in the new model, a FMEA analysis is done in 

Table 96, Appendix V. The problems from the FMEA of the current model 

(Table 51, Appendix E) are reused to make the numbers comparable. No 

new types of failures are believed to arise in the new model. 

There are three possible failures in the new FMEA with lower risk priority 

numbers. The other risks are not changed. It is clear that the assessment of 

the risk for “Cables loosens or slides through the grip of the screws” is 

much lower; RPN changed from 245 to 70. It is still the highest estimated 

risk of failure though. 

The second risk that is lower is “Damage the cable“. It is because the cables 

are fixed with Cable Holder instead of screws that push the more sensitive 

connector part of the cables.  

The third risk with lower RPN is “Cable doesn't fit connector”. The risk of 

failure has decreased because there is now one connector instead of the three 

connectors on the existing docking station. 

In total the risk of failure is lower according to the FMEA on the Final 

concept. 

4.6.2 Environmental Impact 

The environmental impact from the new model is calculated (in the same 

way as for the current model) in Appendix W5. 

The mass of each part were assessed with SolidWorks, see the reports in 

Appendix W. The parts Plate and Sliding Bearing is the same as in the 

current model, data for them can be seen in Appendix G4 and Appendix G5, 

respectively. 

Table 9 shows the material of each part, how the parts are produced, the 

mass of each part and the environmental impact from each part and the 

impact from the whole product. 
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Table 9 Environmental impact from the new model 

Part Material Processing 

method 

Location of 

production 

Mass (kg) Environmental 

impact 

(millipoints) 

Body (New 

Docking 

Base) 

Plastic: PP Injection 

molding 

China 0.271 94.8 

New 

Rotation 

SMS (part 

1) 

Steel DC-01 Pressing, 

laser cutting 

and welding 

Sweden 0.178 15.5 

Support 

(New 

Rotation 

SMS part 

1) 

Steel DC-01 Pressing, 

laser cutting 

Sweden 0.0138 1.2 

Plate Steel DC-01 Laser cutting Sweden 0.349 30.5 

Sliding 

Bearing 

Plastic: PE Stamping China 0.00476 1.6 

Cable 

Holder 

Plastic: PP Injection 

molding 

China 0.00059 0.2 

Total    0.82 144 

4.6.3 House of Quality 

A new house of quality with the new versus the current model is conducted 

in Figure 50, Appendix X. It is similar to the first house of quality (Figure 

43 in Appendix M) made in section 4.2.5 House of Quality. The same 

product objectives and engineering characteristics are used. The news is the 

object measures and the customer perception that are assessed for the new 

model. Compare them with the ones for the current model. The docking 

force and mass are reduced to 50 N and 0.8 kg, respectively. The new model 

has a better estimated customer perception. 
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5 Evaluate 

From the FMEA analysis on the new model, Table 96 in Appendix V, the 

RPN result of using the cables has slightly improved compared to the old 

model. We think this is mostly due to the different methods to fasten the 

cables in the models. 

In the current model, the cables are fastened by screws that press the cables 

against spring steel plates. The screws that hold the cables in the current 

model seem unreliable, because it is hard to adjust the right amount of 

pressure on the cables. If the pressure is too high it is more likely that the 

cables is damaged and if the pressure is to low the cable slides through the 

grip. 

The cable fastening method in the new model is done by a plastic plate, 

screwed on to the docking station over the cable. With this method the 

cables will not likely get damaged by the applied pressure, mostly because 

that the possible amount of applied pressure is limited. Due to that the cable 

holder do not need lengthy adjustment, it should be easier to fasten the 

cables with a firm grip. Because of this, the cable holder seems much more 

reliable than the screws that hold the cables in the existing docking station. 

We think the different plug in the models also partly creates this difference. 

In the current model, the plugs are stiff and held by the cables in the 

docking station. Because of this it is hard to perform the docking procedure 

if one of the cables is slightly askew. This might make it impossible to fit 

the connectors or even push the plug down in to the docking station, when 

the plug is not attached directly to the docking station. 

In the new model the plug is attached on a circuit board which is connected 

to the cables and fastened into the docking station. The connector is also 

changed to a more loose type. This is likely a more reliable solution because 

that the plug should withstand the docking forces better, due to that it is 

directly fastened into the docking station. Also, the plug in the new model 

should not be affected too much if the connector is placed slightly askew, 

because of that it is of a looser type. 

From the environmental analysis on the new model, the environmental 

impact is lower than the old model. The score (Eco Indicator 99) decreased 

from 184 millipoints to 144 millipoints. The biggest difference between the 

models is because of the different plastic their docking bases contain. In the 

current model the docking base contains ABS/PC plastic which has the 

environmental impact 476.2 millipoints per kilogram (with injection 

molding). In the new model, the docking base contains PP plastic with the 

environment impact 350 millipoints per kilogram (with injection molding). 

The new body is a bit heavier than the current, but it still has 21.5 

millipoints lower environmental impact compared to the current body. 

Also by using less material in the new design of the rotation plate (Rotation 

SMS), the environmental impact has decreased. The rotation plate in the 
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new model is about 0.2 kg lighter, which gives it 18.7 millipoints lower 

impact on the environment compared to the current rotation plate. 

The transportation of the parts has not been taken in consideration, because 

the parts can be produced from the same companies, and be transported the 

same distance. This means that the environmental impact from the 

transportation does not affect the difference in environmental impact 

between the models. The cable holder is an exception, because it is a whole 

new part added to the new model. But because this part is so small, it will 

not make a big difference in the environmental impact of the new model. 

In the last house of quality (Appendix X), the new model wins in every 

product objective. The objective “easy to use” is the main objective of the 

docking station, based on the comments from the customers and the 

company. Because of this, it is the highest prioritized product objective. The 

biggest change is in this particular objective. This can be interpreted as that 

the new model satisfies the customers more. 

Every engineering characteristic affects this objective positive, and the new 

model has the same or better value on these characteristics as the current 

model. The biggest change is in the required docking force, which is almost 

a fourth of the required docking force on the current model. 

The time to dock is also lower on the new model compared to the current 

model. The time is estimated, but it is assumed that the new model should 

have a shorter docking time, mostly due to the smaller required docking 

force and the new plug. The plug is expected to be easier to connect to the 

receptacle in the camera, because of the new plug is of a more loose type. 
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6 Discussion 

Some of the planned steps were not properly executed, because that some 

specific information could not be gathered, limited time or other specific 

reason. This has decreased the reliability of the planned project. One of 

these steps was the interview with the customers. We want to address how 

important this step is in other projects. Because that if the project is focused 

on product development, the major design choices should be based on the 

ones who are affected by the final design; the customers. 

Many of the steps in the development process were also skipped. The first 

step (define the problem) is narrowed down to creating the product 

objectives from generating estimated use cases. We decided that we would 

mainly focus on the docking station and just the connector of the camera, to 

have a proper design space to explore. Because that this product is so small 

and does not contain many major subsystems, we decided to follow the 

designing process up to where the final concept is decided. 

The FMEA analysis was based more on the authors’ estimations of the new 

parts, which lower the reliability of the analysis. By executing tests on the 

current and the new model and base the FMEA analyses on the results 

would make it more reliable, but due to limited time it was not executed in 

this project. 

The House of quality on the current and new model was based on 

measurements, calculations and the comments from the interviews. The 

characteristic values on the models were estimated through rough 

calculations and the rating of the customer satisfaction was based on how 

each characteristic fulfil each product objectives. Because of this, the 

reliability on the house of quality on the new model is a bit low. By creating 

test were the customers try out the different solutions from the design phase, 

the evaluation would be more reliable, but due to limited time it was not 

executed in this report. 

When we analyzed the final concept, the results in the environmental impact 

analysis was based on reasonable data, collected throughout the project. In 

the estimated environmental difference between the new and the old model, 

the traveling distance of the material was not taken into considerations. 

Instead in the new model the materials were changed to other materials in 

the same material group that can be created by the same methods. We 

estimate, based on this, that our theoretical difference between the models 

do not majorly differ from the real difference, because that the parts are 

estimated to be created in the same companies and will travel the same 

distance. One exception could be the cable holder, but due to its small size, 

we still think we are close to the actual difference. 
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7 Conclusion 

Based on the evaluation and discussion, the analysis of the current and new 

model gives following theoretical answers to the scientific question: 

 The docking station is more future proof if the cables are reliably 

fastened into the docking station and if the connectors between the 

camera and the docking station can handle the docking force. 

 The docking station is more environmentally friendly if the used 

material is changed to a material with a lower effect on the 

environment. Here it is important that the new material fulfils the 

product requirements, so that the docking station can be used. The 

docking station is also more environmentally friendly if the used 

material is reduced as much as possible. 

 The docking station satisfies the customers’ needs if the expressed 

and unexpressed customer needs are set as one of the highest 

priorities during the development process. 

The authors of this project recommend using these three steps during a 

redesign of a docking station connected to a camera. 
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Figure 17 Structure of the house of quality. 
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Figure 18 Product objectives in the house of quality 

 

 

Figure 19 Customer perception in the house of quality 
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Figure 20 Engineering characteristics in the house of quality 

 

 

Figure 21 Relationships between the product objectives and engineering characteristics 

 

Table 13 Marks for relationships in the house of quality. 

 

 

 

Figure 22 Relationships between the engineering characteristics in the house of quality. 
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Figure 23 Objective measures and target values in the house of quality. 

 

 

Figure 24 The house of quality. 
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Appendix A3 Explore the Design Space 

Table 14 Decomposed use case. 

 

 

Table 15 Generating ideas that fulfill the originating requirements. 

 

 

  

Figure 25 Organized concept fragments. 
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Figure 26 Pruned and expanded concept fragments. 

 

 

Figure 27 Combined concept fragments. 

 

Table 16 Identify subsystems 
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Appendix A4 Optimize Design Choices 

 

Table 17 Screening of concepts 

 

 

Table 18 Ranking of remaining concepts 

 

 

Table 19 Ratings of the concepts with numbers between 1 and 5. 

 

 

Table 20 Importance weight of the attributes. 
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Table 21 Determine which concept to develop 

 

Appendix A5 Develop the Architecture 

 

 

Figure 28 Context matrix of behavioral analysis 
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Table 22 Operational description table 

 

 

 

Table 23 Operational description table with information events and transfers. 
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Table 24 System states added to the operational description table. 

 

 

 

Table 25 Extracted subsystem functions 

 

 

 

Table 26 Derived functional requirements (from the extracted subsystem functions). 
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Table 27 Important information events and transfers and possible event/transfer failures 

 

 

 

 

Figure 29 State change diagram 

 

Table 28 Interface matrix 
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Table 29 The products systems and components. 

 

 

Table 30 Bill of materials 
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Figure 30 Bill of materials with calculated material cost. 

 

 

Figure 31 Calculated target costs 
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Appendix A6 Validate the Design 

Table 31 Operational description with added test procedure information 

Test procedure: "what operational description template the test is based on" 

  

Initial conditions 

1. the initial condition 

Lab setup 

1. Needed lab setup and why (based on originating requirements etc.) 

Test equipment 

1. Needed special test equipment 

Operator 

Product 

External 

entity System 

State 

Expected 

Result 

Actu

al 

Resul

t 

Energy 

storing 

system 

External 

entity grip 

system 

"The 

operator 

command

s 

the 

system to 

move" 

      

Stable, 

no entity 

added 

    

T
h
e ex

p
ected

 resu
lts are n

o
tes w

h
ere ch

an
g

es o
f th

e sy
stem

 sh
o

u
ld
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e o

b
serv

ab
le

 

A
ll ch

an
g
es after "In

fo
rm

atio
n
 ev

en
ts" sh

all b
e n

o
ted

 in
 th

is co
lu

m
n

 

  

Energy 

transfer 

("energy 

in")     

      

  

"The system 

shall detect 

the 

command to 

move" 

    

Unstabl

e, 

no entity 

added 
    

  

"The system 

shall store 

and accept 

external 

energy" 

    

  

Observe that 

the system 

accepts 

external 

energy by 

movement   

"The 

operator 

applies 

the 

external 

entity" 

        

    

      

"The 

external 

entity 

sticks to 

the 

products 

surface" 
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Table 32 Test plans for operational description templates 

 

 

Table 33 Test plans for originating requirements from “Measuring the needs” 

 

  

    

Material 

transfer 

("carry")   

      

    

"The system 

shall hold 

the external 

entity in 

place" 

  

Unstabl

e, 

entity 

added 

Observe that 

the external 

entity 

do not fall of 

the surface of 

the entity   

Ending conditions 

  1. The ending condition 

Notes 1. Notes of further needs to proceed the test 
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Table 34 FMEA-form. 

Custo

mer 

  Issued by Detail name Detail number Design 

FMEC

A 
X 

        

Projec

t 

Leader Date Follow 

up 

Date Remarks Process 

FMEC

A 
  

            

Part nr Compo

nent 

Functi

on 

Failure 

Mode 

Failure 

Effect 

Failure 

Reason 

Probabi

lity of 

Occurre

nce of 

Failure 

Sever

ity of 

Failur

e 

Likelih

ood of 

Detecti

ng the 

Failure 

Risk 

Priori

ty 

Num

ber 

RPN 

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

 

Table 35 Descriptions of ratings of severity. 

Rating Severity Description 

1 The effect is not noticed by the customer 

2 Very slight effect noticed by customer 

3 Slight effect that causes customers annoyance, but not seek service 

4 Slight effect, customer seeks service 

5 Moderate effect, customer require immediate service 

6 Significant effects, causes customer dissatisfaction 

7 Major effect, system may not be operable; elicits customer complaint 

8 Extreme effect, system is inoperable 

9 Critical effect, complete system shutdown; safety risk 

10 Hazardous; failure occurs without warning; life-threatening 
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Table 36 Descriptions of ratings of probability of failure. 

Rating 
Approx. Probability 
of failure Description of occurrence 

1 <1 x 10-6 Extremely remote 

2 1 x 10-5 Remote, very unlikely 

3 1 x 10-5 Very slight chance of occurrence 

4 4 x 10-4 Slight chance of occurrence 

5 2 x 10-3 Occasional occurrence 

6 1 x 10-2 Moderate occurrence 

7 4 x 10-2 Frequent occurrence 

8 0,2 High occurrence 

9 0,33 Very high occurrence 

10 >0,50 Extremely high occurrence 

 

Table 37 Descriptions of ratings of probability of detection. 

Rating Description of detection 

1 Almost certain to detect 

2 
Very high chance of 

detection 

3 High chance of detection 

4 
Moderate high chance of 

detection 

5 
Medium chance of 

detection 

6 Low chance of detection 

7 Slight chance of detection 

8 
Remote chance of 

detection 

9 
Very remote chance of 

detection 

10 No chance of detection 

Appendix A7 Execute the Design 
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Table 38 Check list. 
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Table 39 Numbering activities from the task list. 

 

 

Table 40 Estimated durations of activities. 
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Table 41 Keep track of the work. 

 

Table 42 Requirements from the row tasks to begin the column tasks (activities-activities). 
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Table 43 Requirements from the row tasks to begin the column tasks (activities-test plans). 

 

 

Table 44 Requirements from the row tasks to begin the column tasks (test plans-activities). 
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Table 45 Requirements from the row tasks to begin the column tasks (test plans-test plans). 

 

 

Table 46 Summary of relationships between tasks 
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Table 47 Gantt chart part 1 

 

Table 48 Gantt chart part 2 
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Appendix B Theory: Tables and Figures in 

Deflection Spring Rate 

 

 

Figure 32 Shear, Moment, and Deflection Equations for Cantilever Beams [32] 
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Figure 33 Shear, Moment, and Deflection Equations for Beams with Fixed Ends [32] 
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Figure 34 Properties of Sections [32] 
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Table 49 Deflection and stiffness formulas for straight bars, uniform section [32]. 
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Table 50 Formulas for torsional deflection [32]. 
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Appendix C Questions to the Company 

Swedish questions that were asked: 

1. Vilka problem finns med produkten idag och vad vill ni förbättra med 

produkten? 

2. Tillverkar ni produkten själva? Om inte, vem tillverkar den? 

3. Vilka material består produkten av? 

4. Hur tillverkas delarna och hur sätts dem ihop? 

5. Vilka är era kunder? 

a. Vilka är era största kunder? 

b. Vilka är era ”geografiskt” närmaste kunder? 

6. Vad får er produkt att sticka ut från andra liknande modeller? 

7. Vilka är de viktigaste funktionerna hos produkten? 

a. Funktioner som uppfattats från kunderna. 

b. Funktioner som är underförstådda. 

8. Vilka är era största konkurrenter med liknande produkter? 

a. Vilken/vilka är produkten/produkterna som produceras hos era 

konkurrenter? 

9. Vilka specifikationer måste produkten uppfylla? (T.ex under användning) 

 

Translated to English: 

1. Which problems exist with the product today and what do you want to 

improve? 

2. Do you manufacture the product yourself? If not, who do? 

3. Which material does the product consist of? 

4. How are the parts made and how are they assembled? 

5. Who are your costumers? 

a. Who are you biggest costumers? 

b. Where are the local costumers? 

6. What makes your product stick out from similar products? 

7. What are the most important functions of the product? 

a. Functions that are recognized by the customers. 

b. Unexpressed functions. 

8. What are the biggest competitors with similar products? 

a. Which are those products? 

9. Which specifications shall the product fulfill (for example during use)? 
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Appendix D Question Form about the Magnilink S 

Docking Station 

Information 

The questions below are focused on collecting information about the 

costumers’ perception and opinions of the MagniLink S docking station. 

Please try to express the customers’ opinions as similar to their descriptions 

as possible. 

Please interpret “the system” as the MagniLink S magnifier with the 

complete docking station. 

Thank you for participating in developing this system! 

 

Questions 

 

1. How long have you been selling the system? 

 

 

2. At what time was MagniLink S most popular? 

 

 

3. What opinions do the costumers have about the docking station and 

which are the most commonly stated? 

 

 

4. What are the shortcomings of the docking station, and which of these are 

most often criticized by the costumers? 

 

 

5. Are there any suggested solutions or ideas from the customers to solve 

any of these problems? 

 

 

6. Are any functions and/or features missing that you or the costumers 

want to add? 

 

 

7. Is the system frequently sent back from customers for maintenance due 

to problems with the docking station, what are the most common 

reasons? 
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8. Which parts are most common to have to repair? 

 

 

9. Are there any problems or solutions you want to bring up about the 

docking station? 

 

 

10. In what surroundings and where are the docking station used by the 

costumers? 

 

 

11. What are the strengths of the system, according to you and the 

costumers? 

 

 

12. What are the most important functions of the docking station that 

satisfies the customers? 

 

 

13. Other information you want to add: 
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Appendix E FMEA of the Current Model 

Table 51 FMEA on the current model 

 

Customer  

LVI 
Issued by Detail name Detail number Design 

FMECA 
X 

Tim Johansson, Pontus Nilsson Docking Station - 

Project Leader Date Follow up Date Remarks Process 

FMECA 
  

Degree Pro. Tim Johansson apr-15 No - - 

Component Function Failure Mode Failure Effect Failure Reason Probability 

of 

Occurrence 

of Failure 

Severity of 

Failure 

Likelihood 

of Detecting 

the Failure 

Risk Priority 

Number 

RPN 

Docking Base Hold the MLS Clearance too big Too much play in the camera Manufacturer produces dimensions 

outside tolerances 

1 3 1 3 

  Clearance too small Hard to dock and undock the camera Manufacturer produces dimensions 

outside tolerances 

1 6 1 6 

  Cracks Breakage 

Docking is not possible 

Cracks appear during the assembling 

due to incautious procedure 

1 7 3 21 

  Quick 

aging/corrosion 

Shorter life time of the product or part 

needs to be replaced 

Inappropriate selection of material 

by the design department or too short 

designed usage time  

1 7 5 35 

Connectors Transmit signals Cable doesn't fit 

connector 

Breakage 

Docking is either hard or impossible to 

achieve 

Manufacturer produce different size 

of connectors compared to the 

original design 

4 7 1 28 

  Connector is askew Breakage 

Docking is either hard or impossible to 

achieve 

Manufacturer mills the supports of 

the circuit board unevenly (the 

connectors are placed on this circuit 

board) 

4 7 1 28 

Screw and spring steel plates Hold cable Cables loosens or 

slides through the 

grip of the screws  

Docking is hard to achieve Inappropriate design of holders for 

the cables. 

It is too difficult to adjust the holders 

during the assembly 

7 7 5 245 

  Damage the cable Destroys cable and no signal can be 

transmitted 

The assembling team does not follow 

instructions correctly and uses too 

high torque when tightening the 

screws. 

5 8 1 40 

Bolt, nut and sliding bearing Make rotation 

possible 

Too much play The camera is not fixed, it is hard to 

focus the picture 

The assembling team does not follow 

instructions correctly and adjusts the 

bolt too loosely 

5 3 1 15 

  Hard to rotate the 

camera 

It is difficult for the user to adjust the 

camera to the optimal position  

The assembling team does not follow 

instructions correctly and adjusts the 

bolt too firmly 

4 3 3 36 
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Appendix F Eco Indicators 99 

This appendix contains data/documents from Eco Indicators 99 [33]. 

Production of ferro metals (in millipoints per kg) 

Indicator Description 

 

Production of non ferro metals (in millipoints per kg) 

Indicator Description 

 

Aluminium 100% Rec. 60 Block containing only secondary material 1 

Aluminium 0% Rec. 780 Block containing only primary material 1 

Chromium 970 Block, containing only primary material 1 

Copper 1400 Block, containing only primary material 1 

Lead 640 Block, containing 50% secondary lead 1 

Nickel enriched 5200 Block, containing only primary material 1 

Palladium  enriched 4600000 Block, containing only primary material 1 

Platinum 7000000 Block, containing only primary material 1 

Rhodium  enriched 12000000 Block, containing only primary material 1 

Zinc 3200 Block, containing only primary material (plating quality) 1 

 

Processing of metals (in millipoints) 

Indicator Description 

 

Bending–aluminium 0.000047 one sheet of 1mm over width of 1 metre; bending 90o 4 

Bending–steel 0.00008 one sheet of 1mm over width of 1 metre; bending 90o 4 

Bending–RVS 0.00011 one sheet of 1mm over width of 1 metre; bending 90o 4 

Brazing 4000 per kg brazing, including brazing material (45% silver, 27% copper, 25% tin)  1 

Cold roll into sheet 18 per thickness reduction of 1 mm of 1 m2 plate 4 

Electrolytic  Chromium  plating 1100 per m2, 1 _m thick, double sided; data fairly unreliable 4 

Electrolytic  galvanising 130 per m2, 2.5 _m thick, double sided; data fairly unreliable 4 

Extrusion – aluminium 72 per kg 4 

Milling, turning, drilling 800 per dm3 removed material, without production of lost material 4 

Pressing 23 per kg deformed metal. Do not include non-deformed parts! 4 

Spot welding–aluminium 2.7 per weld of 7 mm diameter, sheet thickness 2 mm 4 

Shearing/stamping–aluminium 0.000036 per mm2 cutting surface 4 

Shearing/stampin–steel 0.00006 per mm2 cutting surface 4 

Shearing/stamping–RVS 0.000086 per mm2 cutting surface 4 

Sheet production 30 per kg production of sheet out of block material 4 

Band zinc coating 4300 (Sendzimir zink coating) per m2, 20-45 _m thick, including zinc 1 

Hot galvanising 3300 per m2, 100 _m thick, including zinc 1 

Zinc coating (conversion um) 49 per m2, 1 extra _m thickness, including zinc 1 
  

Cast iron 240 Casting iron with > 2% carbon compound 1 

Converter steel 94 Block material containing only primary steel 1 

Electro steel 24 Block material containing only secondary scrap 1 

Steel 86 Block material containing 80% primary iron, 20% scrap 1 

Steel high alloy 910 Block material containing 71% primary iron, 16% Cr, 13% Ni 1 

Steel low alloy 110 Block material containing 93% primary iron, 5% scrap, 1% alloy metals 1 
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Production of plastic granulate (in millipoints per kg) 

Indicator Description 

ABS 400 3 

HDPE 330 1 

LDPE 360 1 

PA 6.6 630 3 

PC 510 1 

PET 380 3 

PET bottle grade 390 used for bottles 3 

PP 330 3 

PS (GPPS) 370 general purposes 3 

PS (HIPS) 360 high impact 1 

PS (EPS) 360 expandable 3 

PUR energy absorbing 490 3 

PUR flexible block foam 480 for furniture, bedding, clothing 3 

PUR hardfoam 420 used in white goods, insulation, construction material 1 

PUR semi rigid foam 480 3 

PVC high impact 280 Without metal stabilizer (Pb or Ba) and without plasticizer (see under Chemicals)     1 

PVC (rigid) 270 rigid PVC with 10% plasticizers (crude estimate) 1* 

PVC (flexible) 240 Flexible PVC with 50% plasticizers (crude estimate) 1* 

PVDC 440 for thin coatings 3 

 

Processing of plastics (in millipoints) 

Indicator Description 

 

Blow foil extrusion PE 2.1 per kg PE granulate, but without production of PE. Foil to be used for bags 2 

Calandering PVC foil 3.7 per kg PVC granulate, but without production of PVC 2 

Injection moulding – 1 21 per kg PE, PP, PS, ABS, without production of material 

PE, PP, PS, ABS, without production of material 

4 

Injection moulding – 2 44 per kg PVC, PC, without production of material 4 

Milling,turning,drilling 6.4 per dm3 machined material, without production of lost material 4 

Pressure  forming 6.4 per kg 4 

React.Inj.Moulding-PUR 12 per kg, without production of PUR and possible other components 4 

Ultrasonic  welding 0.098 per m welded length 4 

Vacuum-forming 9.1 per kg material, but without production of material 4 

 

Production of rubbers (in millipoints per kg) 

Indicator Description 

 

EPDM rubber 360 Vulcanised with 44% carbon, including moulding 1 
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Production of packaging materials  (in millipoints per kg) 

Indicator Description 

 

Production of chemicals and others (in millipoints per kg) 

Indicator Description 

 

Ammonia 160 NH3 1 

Argon 7.8 Inert gas, used in light bulbs, welding of reactive metals like aluminium 1 

Bentonite 13 Used in cat litter, porcelain etc. 1 

Carbon  black 180 Used for colouring and as filler 1 

Chemicals inorganic 53 Average value for production of inorganic chemicals 1 

Chemicals organic 99 Average value for production of organic chemicals 1 

Chlorine 38 Cl2. Produced with diaphragm production process (modern technology) 1 

Dimethyl p-phthalate 190 Used as plasticizer for softening PVC 1 

Ethylene oxide/glycol 330 Used as industrial solvent and cleaning agent 1 

Fuel oil 180 Production of fuel only. Combustion excluded! 1 

Fuel petrol unleaded 210 Production of fuel only. Combustion excluded! 1 

Fuel   diesel 180 Production of fuel only. Combustion excluded! 1 

H2 830 Hydrogen gas. Used for reduction processes 1 

H2SO4 22 Sulphuric acid. Used for cleaning and staining 1 

HCl 39 Hydrochloric acid, used for processing of metals and cleaning 1 

HF 140 Fluoric acid 1 

N2 12 Nitrogen gas. Used as an inert atmosphere 1 

NaCl 6.6 Sodium chloride 1 

NaOH 38 Caustic soda 1 

Nitric acid 55 HNO3. Used for staining metals 1 

O2 12 Oxygen gas. 1 

Phosphoric acid 99 H3PO4. Used in preparation of fertiliser 1 

Propylene glycol 200 Used as an anti-freeze, and as solvent 1 

R134a (coolant) 150 Production of R134a only! Emission of 1 kg R134a to air gives 7300 mPt 1 

R22  (coolant) 240 Production of R22 only! Emission of 1 kg R22 to air gives 8400 mPt 1 

Silicate (waterglass) 60 Used in the manufacture of silica gel, detergent manufacture and metal cleaning 1 

Soda 45 Na2CO3. Used in detergents 1 

Ureum 130 Used in fertilisers 1 

Water decarbonized 0.0026 Processing only; effects on groundwater table (if any) disregarded 1 

Water demineralized 0.026 Processing only; effects on groundwater table (if any) disregarded 1 

Zeolite 160 Used for absorption processes and in detergents 1 
 

  

Packaging  carton 69 CO2 absorption in growth stage disregarded 1 

Paper 96 Containing 65% waste paper, CO2 absorption in growth stage disregarded 1 

Glass (brown) 50 Packaging glass containing 61% recycled glass 2 

Glass (green) 51 Packaging glass containing 99% recycled glass 2 

Glass (white) 58 Packaging glass containing 55% recycled glass 2 
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Production of building material (in millipoints per kg) 

Indicator Description 

 

Heat (in millipoints per MJ) 

Indicator Description 

Including  fuel  production  

Heat coal briquette (stove) 4.6 Combustion of coal in a 5-15 kW furnace 1 

Heat coal (industrial furnace) 4.2 Combustion of coal in a industrial furnace (1-10MW) 1 

Heat lignite briquet 3.2 Combustion of lignite in a 5-15kW furnace 1 

Heat gas (boiler) 5.4 Combustion of gas in an atmospheric boiler (<100kW) with low NOx 1 

Heat gas (industrial furnace) 5.3 Combustion of gas in an industrial furnace (>100kW) with low NOx 1 

Heat oil (boiler) 5.6 Combustion of oil in a 10kW furnace 1 

Heat oil (industrial furnace) 11 Combustion of oil in an industrial furnace 1 

Heat wood 1.6 Combustion of wood; CO2 absorption and emission disregarded 1* 

 

Solar energy (in millipoints per kWh) 

Indicator Description 

 

Electricity facade m-Si 9.7 Small installation (3kWp) with monocrystaline cells, used on building facade 1 

Electricity facade p-Si 14 Small installation (3kWp) with polycrystaline cells, used on building facade 1 

Electricity roof m-Si 7.2 Small installation (3kWp) with monocrystaline cells, used on building roof 1 

Electricity roof p-Si 10 Small installation (3kWp) with polycrystaline cells, used on building roof 1 

  

Alkyd varnish 520 Production + emissions during use of varnish, containing 55% solvents 5 

Cement 20 Portland cement 1 

Ceramics 28 Bricks etc. 1 

Concrete not reinforced 3.8 Concrete with a density of 2200 kg/m3 1 

Float glass coated 51 Used for windows, Tin, Silver and Nickel coating (77 g/m2) 1 

Float glass uncoated 49 Used for windows 1 

Gypsum 9.9 Selenite. Used as filler. 1 

Gravel 0.84 Extraction and transport 1 

Lime (burnt) 28 CaO. Used for production of cement and concrete. Can also be used as strong base        1 

Lime (hydrated) 21 Ca(OH)2. Used  for production  of mortar 1 

Mineral wool 61 Used for insulation 1 

Massive building 1500 Rough estimate of a (concrete) building per m3 volume (capital goods) 1 

Metal  construction  building 4300 Rough estimate of a building per m3   volume (capital goods) 1 

Sand 0.82 Extraction and transport 1 

Wood board 39 European wood (FSC criteria); CO2 absorption in growth stage disregarded 1* 

Wood  massive 6.6 European wood (FSC criteria); CO2 absorption in growth stage disregarded 1* 

Land-use 45 Occupation as urban land per m2 yr. * 
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Electricity (in millipoints per kWh) 

Indicator Description  

Including  fuel  production 

 

Transport (in millipoints per tkm) 

Indicator Description  

 

Including  fuel  production  

Delivery van <3.5t 140 Road  transport  with  30%  load,  33%  petrol  unleaded,  38%  petrol  leaded,  29%  diesel 

(38% without catalyst) (European average including return) 1 

Truck 16t 34 Road transport with 40% load  (European average including return) 1 

Truck 28t 22 Road transport with 40% load (European average including return) 1 

Truck 28t (volume) 8 Road transport per m3km. Use when volume in stead of load is limiting factor 1* 

Truck 40t 15 Road transport with 50% load (European average including return) 1 

Passenger car W-Europe 29 Road transport per km 1 

Rail transport 3.9 Rail transport, 20% diesel and 80% electric trains 1 

Tanker inland 5 Water transport with 65% load (European average including return) 1 

Tanker oceanic 0.8 Water transport with 54% load (European average including return) 1 

Freighter inland 5.1 Water transport with 70% load (European average including return) 1 

Freighter oceanic 1.1 Water transport with 70% load (European average including return) 1 

Average air transport 78 Air transport with 78% load (Average of all flights) 6 

Continental air transport 120 Air transport in a Boeing 737 with 62% load (Average of all flights) 6 

Intercontinental air transport 80 Air transport in a Boeing 747 with 78% load (Average of all flights) 6 

Intercontinental air transport 72 Air transport in a Boeing 767 or MD 11 with 71% load (Average of all flights) 6 

 

  

Electr. HV Europe (UCPTE) 22 High voltage (> 24 kVolt) 1 

Electr. MV Europe (UCPTE) 22 Medium voltage (1 kV – 24 kVolt) 1 

Electr. LV Europe (UCPTE) 26 Low voltage (< 1000Volt) 1 

Electricity LV Austria 18 Low voltage (< 1000Volt) 1 

Electricity LV Belgium 22 Low voltage (< 1000Volt) 1 

Electricity LV Switzerland 8.4 Low voltage (< 1000Volt) 1 

Electricity LV Great Britain 33 Low voltage (< 1000Volt) 1 

Electricity LV France 8.9 Low voltage (< 1000Volt) 1 

Electricity LV Greece 61 Low voltage (< 1000Volt) 1 

Electricity LV Italy 47 Low voltage (< 1000Volt) 1 

Electricity LV the Netherlands 37 Low voltage (< 1000Volt) 1 

Electricity LV Portugal 46 Low voltage (< 1000Volt) 1 
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Recycling of waste (in millipoints per kg) 

Indicator   Description 

 Total Process Avoided 
product 

 

Environmental load of the recycling process and 
the avoided product differs from case to case. The 
values are an example for recycling of primary 
material. 

 

Recycling P -240 86 -330 if not mixed with other plastics 7* 

Recycling PP -210 86 -300 if not mixed with other plastics 7* 

Recycling PS -240 86 -330 if not mixed with other plastics 7* 

Recycling PVC -170 86 -250 if not mixed with other plastics 7* 

Recycling  Paper -1,2 32 -33 Recycling avoids virgin paper production 2* 

Recycling  Cardboard -8,3 41 -50 Recycling avoids virgin cardboard production 2* 

Recycling Glass -15 51 -66 Recycling avoids virgin glass production 2* 

Recycling Aluminium -720 60 -780 Recycling  avoids  primary  aluminium. 1* 

Recycling Ferro metals -70 24 -94 Recycling avoids primary steel production 1* 

 

Waste treatment (in millipoints per kg) 

Indicator Description 

 

Incineration 
 

Incineration in a waste incineration plant in Europe. Average scenario for energy reco- 

very. 22% of municipal waste in Europe is incinerated 

Incineration PE -19 Indicator can be used for both HDPE and LDPE 2* 

Incineration PP -13 2* 

Incineration PUR 2,8 Indicator can be used for all types of PUR 2* 

Incineration PET -6,3 2* 

Incineration PS -5,3 Relatively low energy yield, can also be used for ABS, HIPS, GPPS, EPS 2* 

Incineration Nylon 1,1 Relatively low energy yield 2* 

Incineration PVC 37 Relatively low energy yield 2* 

Incineration PVDC 66 Relatively low energy yield 2* 

Incineration  Paper -12 High energy yield CO2 emission  disregarded 2* 

Incineration  Cardboard -12 High energy yield CO2 emission  disregarded 2* 

Incineration  Steel -32 40% magnetic separation for recycling, avoiding crude iron (European average)       2* 

Incineration Aluminium -110 15% magnetic separation for recycling, avoiding primary aluminium 2* 

Incineration Glass 5,1 Almost inert material, indicator can be used for other inert materials 2 

 
 

Landfill 
 

 
 

Controlled landfill site. 78% of municipal waste in Europe is landfilled 

Landfill P 3,9 2 

Landfill PP 3,5 2 

Landfill PET 3,1 2 

Landfill PS 4,1 Indicator can also be used for landfill of ABS 2 

Landfill EPS foam 7,4 PS foam, 40 kg/m3, large volume 2* 

Landfill  foam  20kg/m3 9,7 Landfill of foam like PUR with 20kg/m3 2* 

Landfill foam 100kg/m3 4,3 Landfill of foam like PUR with 100kg/m3 2* 

Landfill Nylon 3,6 2* 

Landfill PVC 2,8 Excluding leaching of metal stabilizer 2 
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Landfill PVDC 2,2 2 

Landfill  Paper 4,3 CO2  and  methane  emission  disregarded 2 

Landfill Cardboard 4,2 CO2  and  methane  emission  disregarded 2 

Landfill Glass 1,4 Almost inert material, indicator can also be used for other inert materials 2 

Landfill  Steel 1,4 Almost inert material on landfill, indicator can be used for ferro metals 2 

Landfill Aluminium 1,4 Almost inert material on landfill, indicator is valid for primary and recycled alu. 2 

Landfill of 1 m3 volume 140 Landfill of volume per m3, use for voluminous waste, like foam and products * 

 

 
Municipal waste 

 
 

In Europe, 22% of municipal waste is incinerated, 78% is landfilled. 

Indicator is not valid for voluminous waste and secondary materials 

Municipal waste PE -1,1 2* 

Municipal waste PP -0,13 2* 

Municipal waste PET 1 2* 

Municipal waste PS 2 Not valid for foam products 2* 

Municipal waste Nylon 3,1 2* 

Municipal waste PVC 10 2* 

Municipal waste PVDC 16 2* 

Municipal waste Paper 0,71 2* 

Municipal waste Cardboard 0,64 2* 

Municipal waste ECCS steel -5,9 Valid for primary steel only! 2* 

Municipal  waste  Aluminium -23 Valid for primary aluminium only! 2* 

Municipal waste Glass 2,2 2* 

 

 

 
 

Household waste 

 
 

 

 
 

Separation by consumers of waste for recycling (average European scenario) 

Paper -0,13 44% separation by consumers 2* 

Cardboard -3,3 44% separation by consumers 2* 

Glass -6,9 52% separation by consumers 2* 
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Appendix G Sustainability Report (Current Model) 

Appendix G1 Docking Base 

Table 52 Sustainability Report: Docking base 

 

Sustainability Report 
 

                                                                                                           

 

Model Name:  Docking base 

Material:  ABS PC 

Recycled content: 0.00 % 

Weight:  226.10 g 

Manufacturing 
process:  

Injection Molded 

Surface Area: 1.24E+5 mm² 

Built to last:  5.0 year 

Duration of use:  3.0 year 

 

Appendix G2 Rotational SMS (part 1) 
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Table 53 Sustainability Report: Rotation SMS (part 1) 

 

Appendix G3 Rotation SMS (part 2) 

Table 54 Sustainability Report: Rotation SMS (part 2) 

 

Sustainability Report 
 

                                                                                                           

 

Model 
Name:  

Rotation SMS (part 
1) 

Material:  Plain Carbon Steel 

Recycled content: 18 % 

Weight:  204.07 g 

Manufacturing 
process:  

Stamped/Formed 
Sheetmetal 

Surface Area: 18928.62 mm² 

Built to last:  5.0 year 

Duration of use:  3.0 year 
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Sustainability Report 
 

  

 

Model 
Name:  

Rotation SMS 
(part 2) 

Material:  Plain Carbon Steel 

Recycled content: 18 % 

Weight:  200.09 g 

Manufacturing 
process:  

Stamped/Formed 
Sheetmetal 

Surface Area: 35054.01 mm² 

Built to last:  5.0 year 

Duration of use:  3.0 year 

 

Appendix G4 Plate 

Table 55 Sustainability Report: Plate 
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Sustainability Report 
  

 

Model 
Name:  

Plate 

Material:  Plain Carbon Steel 

Recycled 
content: 

18 % 

Weight:  348.59 g 

Manufacturing 
process:  

Stamped/Formed 
Sheetmetal 

Surface Area: 13972.66 mm² 

Built to last:  5.0 year 

Duration of 
use:  

3.0 year 

 

Appendix G5 Sliding Bearing 

Table 56 Sustainability Report: Sliding bearing 
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Sustainability Report 
  

 

Model 
Name:  

Sliding 
bearing 

Material:  PE High Density 

Recycled 
content: 

0.00 % 

Weight:  4.76 g 

Manufacturing 
process:  

None 

Surface Area: 10265.14 mm² 

Built to last:  5.0 year 

Duration of 
use:  

3.0 year 
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Appendix G6 Calculations on Environmental Impact of the Current Model 

The calculations in Table 57 are done with Eco Indicator 99 (see Appendix 

F). The total sum is calculated to 184 millipoints plus laser cutting of the 

Rotation SMS. The Docking Base consist of 70 % PC and 30 % ABS. There 

are no data for waste treatment of either ABS or PC so it is not taken into 

consideration. The part Rotation SMS is divided into two parts, both are 

laser cut. The parts are welded together, but the impact from welding is 

neglected. 

There are no also no data for laser cutting, so it is not taken into 

consideration. Part 2 of Rotation SMS has two bended edges, and the impact 

from bending is neglected because of the small numbers. Waste treatment of 

the PE plastics in the Sliding Bearing is also neglected because of the small 

contribution. 
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Table 57 Calculations on environmental impact of current model 

 

 

Part Mass 

(kg) 

Material Production 

of material 

indicator 

mPt/kg 

Production of 

initial 

material score 

mPt initial 

material 

Processing 

method  

Processing 

method 

indicator 

mPt/kg 

Processing 

method 

score mPt 

Recycled 

waste 

indicator 

mPt/kg 

Waste 

treatment 

score 

Total 

score 

mPt 

Docking 

Base 

0.0678 30 % 

ABS 

400 27.1 Injection 

molding 

21 1.4 - - 116.2 

0.1583 70 % 

PC 

510 80.7 44 7.0 - - 

Rotation 

SMS 

(part 1) 

0.2041 Steel 

DC-01 

86 17.6 Laser 

cutting 

- - 1.4 0.28 17.9 

Rotation 

SMS 

(part 2) 

0.2001 

 

Steel 

DC-01 

86 17.2 Laser 

cutting, 

bending 

Bending can 

be neglected 
- 1.4 0.28 17.5 

Plate 0.3486 Steel 

DC-01 

86 30.0 Laser 

cutting 

- - 1.4 0.5 30.5 

Sliding 

bearing 

0.00476 PE 330 1.6 Stamping Neglected 0 Neglected 0 1.6 

Total 0.98         184 
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Appendix H Interview with Visually Impaired 

From the interviews with Janne Karlsson, head of operation in 

Handikapprörelsens Idé- & KunskapsCentrum (Centre of idea & 

knowledge). 

 

 

What do you work with? 

I work with trust assignment from SRF (Swedish national association of 

visually impaired). Before this I worked on the country council and the 

Swedish Social Insurance Administration. 

 

How long have you been working in this position? 

12 years 

 

Do we have your permission to use your name in our project? 

Yes (Janne Karlsson) 

 

What kind of vision impairment do you have? 

I have Glaucoma and cataract. My vision has been getting worse and worse 

over the years. You can say that I have passed all phases of vision 

impairment. 

 

How are different visual impairment graded? 

I am not sure, I think that different impairments are separated into low 

vision, severe low vision and blind, where the acuity and vision field differ. 

 

Do you encounter any difficulties in your weekday, due to the reduced 

vision? 

Practically, it is hard to orientate in new places. It is almost impossible to 

find things in big stores. 

 

What support from the society is available to facilitate your living? 

Personal help, as for example discounted taxi (transportation service). I also 

use white canes. 

 

Do you use special aids? 
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White canes, I wear out about five or six every year. I also use voice 

functions in my mobile and in my computer. I use these functions about 90 

% of my work time. 

 

How do you perceive things? 

It is fine to perceive objects when they are in small scale. For example, I 

cannot overview the university area. It would have been good if there was a 

miniature model so you could feel how all the buildings are with the fingers. 

One lean more on vision than hearing. Say that you are in the grocery store 

and the speakers say that the meat is ten crowns, and when you walk up to 

the meat the sign says 15 crowns. In the end you believe that the meat is 15 

crowns, because you have read it, and it takes longer time to read it than to 

hear it from the speaker, which just takes a short moment. Thus, you rely 

more on the vision than on the hearing because you only have a brief 

moment to understand the sound, while you have more time to understand 

what you see. 

 

Is it hard for you to use wires and connectors? 

No, not the ones that connects to a wall socket. When connecting wires into 

a complicated device, I need someone to show me how it is done. It is very 

hard for me to see where the wires are supposed to be inserted. 

 

We wonder if it is hard to connect parts when you have to use some 

force. Can you expand on that? 

There is an advantage and a disadvantage. 

It can be good to implement more needed force to connect two parts, if a 

function that for example snaps if the procedure was successful. Then it is 

clearer that the parts are connected. 

If it is too tough to connect two parts, one can be scared that the parts breaks 

when too much force is used. 

 

When you pick with electrical parts, is there a need for extra 

percussions? 

The most important safety feature is clear instructions. 

 

Have you experienced electrical parts breaking? Is there a need for 

more robustness? 

The modern technology is not as durable as it used to. A disadvantage I see 

with it is that it is hard to recycle the electrical parts. The production cycle 

in the industry is not compatible with many of the electrical parts, the way I 

use them, if they would last more than 15 years. I can understand that if a 

product last longer than it is modern, it would be uninteresting for the 
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costumers in the end. In addition, new products come out on the market 

more often than earlier. 

 

How should an instruction for assembling things look like to suit you? 

The instructions must be clear. 

You should not forget to describe some moments, even if the moments are 

clear for the producer. Essential parts shall be shown on complemented 

pictures. A user description by sound can be implemented to understand 

how to use the product. An example is on an mp3-file. I think instructions 

shall be extra clear. 

As instructions, stickers and markings can used as complements, but should 

not only be leaned on. Aids that are subsidized from the public can be 

tested, and that makes it easier to understand the product for the first time. 

Parts that are bigger are easier to differentiate from each other than smaller 

parts. 

It is not common for people with visual impairment to understand embossed 

printing. Take for example most of the retired people. It is more common 

for blind, but people that have not been born with a serious visual 

impairment are usually not good at reading embossed printing. 

 

Have ordinary letters, which can be felt with the fingers, to be at least 1 

mm embossed from the surface and 15-40 mm high? 

I have not heard about the numbers before, but it very sounds believable. 

When reading text by touch, some letters can be mixed together. For 

example, I think that “B” and “R” are very similar. 

I think that guidance arrows are good. 
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Appendix I Kano Model and Affinity Process 

Table 58 Needs divided in groups according to the Kano model 

 

  

Expressed needs (wants) Unexpressed needs 

Basic needs (must) Unaware needs (wow) 

The customers want 360 degrees ability to turn on MLS-A101 (the docking 

station). 
One lean more on vision than hearing. 

When connecting wires into a complicated device, I need 

someone to show me how it is done. 

The customers want an alternative placement of lighting when they use the MLS-

A101. 

Essential parts shall be shown on complemented 

pictures. 

It can be good to implement more needed force to connect two 

parts, if a function that for example snaps if the procedure was 

successful. 

We want to report that the internet cables, from the control panel, on the MLS 

docking station ports are loose. Please secure that the connection is firm and do not 

come loose if the control panel is hanging or if they are pulled a bit too harsh. 

As instructions, stickers and markings can used 

as complements, but should not only be leaned 

on. 

If it is too tough to connect two parts, one can be scared that 

the parts breaks when too much force is used. 

According to the customers, the docking stations attachment is a weak point. The 

MLS does not sit stably in the holder. 

It is not common for people with visual 

impairment to understand embossed printing. 
The most important safety feature is clear instructions. 

 

The most important function of the docking station is 

that it makes it possible to use the MLS with the reading 

table. 

The modern technology is not as durable as it used to. 

 

One of the main problems is that the size and tolerances 

connectors have differed between different batches of 

connectors. 

A user description by sound can be implemented to understand 

how to use the product. 

 

If the screw that holds the cable is too hard tightened, it 

can damage the cable. (the screw shall not damage the 

cable) 

I think that guidance arrows are good. 

 
One of the main functions of the docking station is to 

hold the camera in place. 

When reading text by touch, some letters can be mixed 

together. 

 

To be able to see a picture the camera should stand still. 

So, it would be appropriate for the docking station to 

hold the camera still. 

The docking station also lets the user dock the MLS in one motion 

(downwards into the docking station). 

  
Lighting must not be placed where it cause reflections on the 

surface that the camera is reading. 

  

To move the docking system around, the whole table has to be moved as 

well. So, to reduce the carrying weight it seems appropriate to make the 

docking station as light as possible. 
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Table 59 Affinity process of comments (part 1) 

Make the docking station easy to understand Make the docking station easy to use 

Make it is easy to see how and where to 

dock the camera in the docking station. 

Make it is easy to feel how and where to 

dock the camera in the docking station. 

Make it easy to 

hear how and 

where to dock the 

camera in the 

docking station. 

Make it easy to 

connect cables to or 

from the docking 

station 

Make the 

docking station 

easy to rotate 

Make a docking 

station with low 

weight 

Put appropriate 

lighting 

on the docking 

station 

Make the docking 

station easy to dock 

Describing text and 

figures to read can be 

useful to instruct 

people with better 

vision. 

Do not lean on 

stickers 

Describing text and 

arrows to perceive by 

touch can be useful 

to instruct people 

with low vision. 

Avoid embossed 

printing 

If letters are used 

to feel by hand, 

make sure they 

are easy to read 

Do not lean on 

markings 

A sound can be 

useful to confirm 

that the docking 

was success full. 

Essential parts shall 

be shown on 

complemented 

pictures. 

Stickers and marks 

can be used as 

complements, but 

should not only be 

leaned on. 

Stickers and marks 

can be used as 

complements, but 

should not only be 

leaned on. 

It is not common 

for people with 

visual impairment 

to understand 

embossed printing. 

A user description 

by sound can be 

implemented how 

to use the product. 

We want to report that 

the internet cables, 

from the control panel, 

on the MLS docking 

station ports are loose. 

Please secure that the 

connection is firm and 

do not come loose if the 

control panel is 

hanging or if they are 

pulled a bit too harsh. 

The customers 

want 360 degrees 

ability to turn on 

MLS-A101 (the 

docking station). 

To reduce the 

carrying weight it 

seems appropriate to 

make the docking 

station as light as 

possible. 

The customers want an 

alternative placement 

of lighting when they 

use the MLS-A101. 

The docking station lets 

the user dock the MLS in 

one motion (downwards 

into the docking station). 

One lean more on 

vision than hearing.  
  

I think that guiding 

arrows are good. 

Some letters can 

be mixed together.  

When I connect wires into 

a complicated device, I 

need someone to show me 

how it is done. 

    

Lighting must not be 
placed where it 
cause reflections on 
the surface that the 
camera is reading. 
  

It can be good to 

implement more needed 

force to connect two 

parts, if a function that 

for example snaps if the 

procedure was 

successful.  

                  

If it is too tough to 

connect two parts, one 

can be scared that the 

parts break when using 

much force. 
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Table 60 Affinity process of comments (part 2) 

Make the docking station reliable 
Make the docking 

station safe 
Make the docking station sturdy 

Make the docking station reliable 
Make the docking 

station safe 

Make the docking 

station stable 

The modern technology is not as durable as it used to. 
The most important safety feature is clear 

instructions. 
It would be appropriate for the docking station to hold the camera still 

One of the main problems is that the size and tolerances connectors have differed 

between different batches of connectors 
  One of the main function of the docking station is to hold the camera in place. 

If the screw that holds the cable is too hard tightened, it can damage the cable.   
The most important function of the docking station is that it makes it possible to use the 

MLS with the reading table 

    
According to the customers, the docking stations attachment is a weak point. The MLS 

does not sit stably in the holder.  
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Appendix J Calculations of the Required Docking 

Force 

When the camera foot is placed in the docking station it is affected by 

normal forces and friction forces from the walls of the docking station. 

Figure 35 shows how the normal forces FN and the friction forces Ff affects 

the circular part of the camera. The force that pushes the camera down F has 

to be larger than the sum of these forces that works parallel against it. 

 

Figure 35 Forces affecting the camera during docking 

 

Figure 36 shows the vertical force Ff, v of Ff and the vertical force FN, v of 

FN. The vertical forces are calculated with Eq. 11 and Eq. 12: 

 

 Ff,v = Ff × cos(α) Eq. 11 

 

 FN,v = FN × sin(α) Eq. 12 
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Figure 36 Vertical components of the normal and friction force 

 

The sum of the forces (Eq. 13) from Eq. 11 and Eq. 12 creates the total 

vertical force from one wall of the docking station, see Figure 37. Eq. 13 is 

developed to Eq. 14. 

 

 Fv = FN,v + Ff,v Eq. 13 

 
⇒ Fv = FN × sin (α)  + Ff × cos(α) Eq. 14 

 

 

Figure 37 Total vertical force from one wall 

 

The total vertical force, Fv tot in Eq. 15 from the docking station is the sum 

of the vertical force from each wall. 

 

 Fv tot = Fv × 2 Eq. 15 

 Fv = FN × sin (α)  + Ff × cos(α) 

 

 
⇒  Fv tot = (FN × sin (α)  + Ff × cos(α)) × 2 Eq. 16 
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The friction force is the normal force multiplied with the friction coefficient 

f, so the equation can be simplified by replacing 𝐹𝑓 with 𝐹𝑁 ×  𝑓. The total 

vertical force is developed in Eq. 18. 

 

Fv tot = (FN × sin (α)  + Ff × cos(α)) × 2 

 Ff = FN × f Eq. 17 

⇒  Fv tot = (FN × sin (α)  + FN × f × cos(α)) × 2 

⇒  Fv tot = FN × (sin (α)  + f × cos(α)) × 2 

 
⇒  Fv tot = FN × 2 × (sin (α)  + f × cos(α)) Eq. 18 
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The force F is mostly created from the user pushing the camera down. F is 

also affected by the cameras weight, but it can be neglected because it is 

much smaller compared to the total force needed to push the camera down. 

The deflection in the walls is similar to two cases of beam deflection, which 

are case two mentioned in Figure 32 in Appendix B and case one mentioned 

in Figure 33 in Appendix B. 

It is expected that the biggest deflection appears in the contact point 

between the camera and the wall, when the camera is docked furthest down. 

The equations, from Figure 38, for the deflection similar to this situation are 

seen in Eq. 19 and Eq. 20: 

 

 
δ =

P × x2

6 × E × I
× (3 × a − x),      0 ≤  x ≤  a Eq. 19 

 

 
δ =

P × a2

6 × E × I
× (3 × x − a) Eq. 20 

 

P = Force affecting the beam in one point 

a = Vertical distance to the point, affected by force P, from the fasted end of 

the beam 

x =Vertical distance to the point where the deflection is measured from the 

fasted end of the beam 

L = Length of the beam 

E = Elastic modulus of the material in the beam 

I = Moment of inertia 

 

Figure 38 Deflection from case 2 (shear, moment, and deflection equations for cantilever beams) in 

Appendix B 

  



 

A p p e n d i x  | J-5 

 

The deflection is not expected to be right between the walls, but it is should 

be very close to the middle. Eq. 21 is extracted from Figure 39, and is an 

equation for the deflection similar to this case. 

 

 
δ2 =

P × L3

192 × E × I
 Eq. 21 

 

P = Force affecting the beam in one point 

L = Length of the beam 

E = Elastic modulus of the material in the beam 

I = Moment of inertia 

 

 

Figure 39 Deflection from Case 1 (beams with fixed ends) in Appendix B 

 

In Eq. 19 and Eq. 20, x is set equal to a, which leads to Eq. 22 

   

  δ =
P×a2

6×E×I
× (3 × a − a) 

 

 
⇒ δ =

2 × P × a3

6 × E × I
 Eq. 22 
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Some of the variables that have the same letters in the two equations differ 

from each other. To avoid confusion in further calculations, these variables 

are changed. 

The moment of inertia I differ between the equations. In the first equation it 

is the cross section is horizontal to the bottom of the wall and in the second 

equation it is the cross section vertical to the bottom of the wall, displayed 

into the side of the wall. 

From start, both situations are affected by the same force, which means that 

the deflection differs between the situations. 

I and δ in Eq. 22 is set as I1 and δ1, as well as I and δ in Eq. 21 is set as I2 

and δ2. The equations become Eq. 23 and Eq. 24, respectively. 

 

 
δ1 =

2 × P × a3

6 × E × I1
 Eq. 23 

 

 
δ2 =

P × L3

192 × E × I2
 Eq. 24 

 

Assume the deflections δ1 and δ2 are linear to the force P, which means that 

Eq. 23 and Eq. 24 can be rewritten as following (Eq. 25 and Eq. 26) 

 

 δ1 = P × k1 Eq. 25 

(k1 =
2×a3

6×E×I1
)  

 

 δ2 = P × k2 Eq. 26 

(k2 =
L3

192×E×I2
)  

 

Also assume if two different forces, P1 and P2, give the same deflection δ0 

in the first and second case (Eq. 27 and Eq. 28), the integration of the cases 

gives the same deflection δ0 from the summation of the two forces, P1+P2 

(Eq. 29) 

The goal is to calculate the relationship between k1, k2 and k3. Eq. 30 is 

created by merging Eq. 27 with Eq. 28. The goal is to remove P1 from Eq. 

29 later. 

 

 P1 × k1 = δ0 Eq. 27 
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 P2 × k2 = δ0 Eq. 28 

 

 (P1 + P2) × k3 = δ0 Eq. 29 

 (k3 =?) 

 

⇒ P1 × k1 = P2 × k2 

 
⇒ P1 = P2 ×

k2
k1

 Eq. 30 

 

 

Substitute P1 in Eq. 29 gives Eq. 31. 

 

 δ0 = (P1 + P2) × k3 

 P1 = P2 ×
k2

k1
 

 ⇒ δ0 = (P2 ×
k2

k1
+ P2) × k3 

 ⇒ δ0 = (P2 × (
k2

k1
+ 1)) × k3 

 

 
⇒ δ0 = (

k2
k1

+ 1) × P2 × k3 Eq. 31 

 

By setting Eq. 28 equal to Eq. 31, P2 can be removed from the equation, 

which results in Eq. 32: 

 δ0 = P2 × k2 

 δ0 = (
k2

k1
+ 1) × P2 × k3 

 

 ⇒ (
k2

k1
+ 1) × P2 × k3 = P2 × k2 

 ⇒ (
k2

k1
+ 1) × k3 = k2 

 ⇒ k3 =
k2

(
k2
k1

+1)
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 ⇒ k3 =
k2 k2⁄

(
k2
k1

+1) k2⁄
 

 

 
⇒ k3 =

1

(
1

k1
+

1
k2

)
 

Eq. 32 

 

By put in what k1 and k2 are from Eq. 25 and Eq. 26 into Eq. 32, k3 can be 

calculated and shown in Eq. 33: 

 k3 =
1

(
1

k1
+

1

k2
)
 

 k1 =
2×a3

6×E×I2
 

 k2 =
L3

192×E×I2
 

 

 ⇒ k3 =
1

1

2×a3

6×E×I1

+
1

L3

192×E×I2

 

 

 
⇒ k3 =

1
6×E×I1

2×a3 +
192×E×I2

L3
  

Eq. 33 

 

L and a are identified from Figure 40 in section A and Figure 42: 

L =  22.83 mm 

a =  L– (64 − 50.73) =  22.83– (64 − 50.73) 

⇒ a =  9.56 mm 
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E is identified from Table 62 in Appendix J, assumed to be the flexural 

modulus of the material polycarbonate (PC): 

E =  1.2 MPsi =  8.27 GPa =  8.27 × (109)/(106) N/mm2 

 

⇒ E =  8.27 × 103 N/mm2 

 

The value of I1 and I2 are calculated from the first case in Figure 34 and is 

seen in Eq. 34 and Eq. 35: 

 I =
b×h3

12
 

 

 
⇒ I1 =

b1 × h13

12
 Eq. 34 

 

 
⇒ I2 =

b2 × h23

12
 Eq. 35 

 

The thickness of the wall, h1 and h2, is identified in Figure 40 in cross 

section B: 

h1 =  h2 =  2.53 mm 

 

The length and width of the wall, b1 and b2, is identified in Figure 40 in 

cross section A: 

b1 =  22.83 mm 

b2 =  40 mm 
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Below the moments of inertia, I1 and I2, are calculated: 

h1 =  2.53 mm 

b1 =  22.83 mm 

 

 ⇒ I1 =
22.83×2.533

12
 

 

 ⇒ I1 = 30.8 𝑚𝑚4 

 

h2 =  2.53 mm 

b2 =  40 mm 

 

 ⇒ I2 =
40×2.533

12
 

 

 I2 = 40.5 𝑚𝑚4 

 

By putting in all the values into Eq. 33, k3 is calculated to be 

5.32 × 10−4
 m/N: 

 

 k3 =
1

6×E×I1

2×a3 +
192×E×I2

L3
 

L =  22.83 mm 

a =  9.56 mm 

E =  8.27 × 103
N

mm2
 

I1 =  30.8 mm4 

I2 =  40.5 mm4 

 

 ⇒ k3 =
1

6×8.27×(103)×30.8

2×9.563 +
192×8.27×(103)×40.5

403

 

 k3 =
1

1528296

1747.44
+

64307520

64000

 

 k3 =
1

874,6+1004.8
 

 k3 =
1

1879.4
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 k3 = 5.32 × 10−4 𝑚𝑚/𝑁 

 

In the same way the equations Eq. 20 and Eq. 19 was rewritten to equation 

Eq. 21 and Eq. 22, the integration of the cases, with k3, is written: 

 

 δ3 = P × k3 Eq. 36 

 (k3 = 5.32 × 10−4 mm/N) 

 

Eq. 36 shows the deflection δ3 of the wall when it is affected by the force P, 

where δ3 and P is located in the middle of the wall, 9.56 mm above the 

bottom of the wall. 

 

In Figure 42 the deflection of the wall δ3 is identified to be about 0.13 mm 

By putting in the values of δ3 and k3, the force P is determined to be 244 N: 

 

δ3 = P × k3 

δ3 =  0.13 mm 

k3 =  5.32 × 10−4 mm/N 

 

 ⇒ 0.13 = P × 5.32 × 10−4 

⇒ P =
0.13

5.32 × 10−4
 

 ⇒ P = 244 N 
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From Table 61, in Appendix K, the friction coefficient is estimated to be 

0.39, which is the friction coefficient between PC and steel. From Figure 40 

in section B, the angle of the wall is identified to be 1 degree. 

By setting Fn equal to P and the friction coefficient equal to 0.39 in Eq. 18, 

the minimum required docking force is determined: 

 

 Fv tot = FN × 2 × (sin (α)  + f × cos(α)) 

Fn =  P =  244 N 

α =  1˚ 

f =  0.39 

 

  ⇒ Fv tot = 244 × 2 × (sin (1˚)  + 0.39 × cos(1˚)) 

  ⇒ Fv tot = 199 N 

 

So the required force to dock the camera into the docking station is about  

200 N. 
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Appendix K Material Properties Tables 

Table 61 Mechanical Properties of Some Common Plastics [32] 
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Table 62 Properties of Some Common Glass-Reinforced and Unreinforced Thermoplastic Resins [32] 
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Appendix L Sketches 

 

 

Figure 40 Rough sketches of measured geometries from the docking station 
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Figure 41 Rough sketches of measured geometries from the camera foot 
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Figure 42 Deflection point in the inner wall of the docking station, when the camera is docked 
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Appendix M House of Quality 

 

Figure 43 House of quality for a docking station 
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Appendix N Use Cases 

Table 63 Priority of primary use cases 

Primary use case Priority 

User docks the camera H 

User undocks the camera M 

User handles the docking station H 

User connects the docking station to a 

computer or screen 

L 

User moves or put away the docking station 

indoors 

L 

User transports the docking station L 

User choses camera (with or without docking 

station 

L 
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Table 64 Primary use case (User Docks Camera in docking station) 

User Docks Camera in docking station 

Initial conditions 

Camera is not docked and not folded 

Docking station is connected to computer 

Operator (User) 

System 

(Docking Station) Camera Computer 

User folds the 

camera to docking 

position 

  

 

 

 

The camera is 

folded to docking 

position  

User docks the 

camera in the 

docking station    

 

The system shall hold the 

camera in a stable position   

 

 

The camera is 

docked in the 

docking station  

   

The computer sends 

power to the camera 

 

The system shall transmit 

power between camera 

and computer   

  

The camera 

receives power 

and starts  

  

The camera sends 

electronic signals 

(video)  

 

The system shall transmit 

signals between camera 

and computer 

 

  

   

Receives signals 

(video) and shows the 

object (text) on the 

screen 

Ending conditions 

The camera is docked 

Docking station is connected to computer 

Notes: 

1. The connector(s) on the rear end of the camera and the connector(s) in the docking 

station shall mate. 
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Table 65 Primary use case (User handles the docking station) 

 

Table 66 Priority of secondary use cases 

Secondary use case Priority 

User drops the docking station on the floor H 

User spills liquid or food on the docking 

station 

M 

User tries to dock in wrong position H 

User stores stuff in docking station L 

User drops something small in docking 

station 

H 

User uses too much force when docking or 

adjusting 

H 

User pulls the cable H 

 

  

User handles the docking station 

Initial conditions 

Camera is docked 

Docking station is connected to computer 

Operator (User) System (Docking Station) Camera 

User pulls or 

pushes the camera 

in order to rotate it   

  The camera is pushed or pulled 

 

The system shall rotate when user 

push or pull on the camera  

 

The system shall not affect the 

computer or screen when rotated  

Ending conditions 

The camera is docked 

Docking station is connected to computer 

Notes: 

1. Assume, for example, that too short cables pulls the computer or screen when the system 

is rotated 
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Table 67 Secondary use case (User drops the docking station on the floor) 

User drops the docking station on the floor 
Initial conditions 

Camera is either docked or undocked 

Operator 
(User) System (Docking Station) XY-table 

User places 
the docking 
station on a 
table too 
close to the 
edge   

  
XY-table falls of the edge onto the 
ground 

 
The system shall survive a fall from a 
table  

Ending conditions 

The docking station is in working order (the primary use cases can still be performed) 

Notes: 
1. Risk: Electronic parts , in the docking station, might not survive the fall. Because the 
docking station shall transfer electrical signals between the camera and the computer, it is 
impossible to avoid electronic parts. 

 

Table 68 Secondary use case (User tries to dock in wrong position) 

User tries to dock in wrong position 
Initial conditions 

Camera is not docked 

Operator 
(User) System (Docking Station) Camera 

User docks 
the camera 
in right 
position 
YES NO   

  
The camera is forced into the 
docking station 

 
The system shall prevent docking in 
wrong position  

Ending conditions 

Camera is not docked 

Notes: 
1. An introduction of the product from a recording or a person and markings directing the 
docking procedure, can instruct the user in a proper  
how to perform the docking procedure. 
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Table 69 Secondary use case (User drops something small in docking station) 

User drops something small in docking station 
Initial conditions 

Camera is not docked 

Operator (User) System (Docking Station) 
User drops something small in 

the docking station  

 The system shall not be harmed by a small object 

User tries to remove the 
dropped item with a tool  

 
The system shall not be harmed nor harm the user when a 
tool is inserted into the docking station 

Ending conditions 

Camera is not docked 

Notes: 
1. Some sort of cover can prevent the small objects to fall into the opening of the docking 
station. 
2. Risk: The docking station is designed to connect to the camera with uncovered connectors, 
so it is impossible to prevent metallic tools other conducting thin objects to come in direct 
contact with the connectors. 

 

Table 70 Secondary use case (User uses too much force when docking or adjusting) 

User uses too much force when docking or adjusting 
Initial conditions 

Camera is either not docked or docked 

Operator 
(User) System (Docking Station) Camera 
User handles 

the camera 

carefully 

YES NO   

  
The camera is forced to move in a 
direction in the docking station 

 
The system shall survive incautious 
handling of the camera  

Ending conditions 

Camera is docked 

Notes: 
1. An introduction of the product from a recording or a person and markings directing the 
docking procedure, can instruct the user in a proper  
how to perform the docking procedure. 
2. A fluid connector, together with steering components, can survive when it is connected 
with much force. 
3. It might be possible to design a new docking station that survives much force. 
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Table 71 Secondary use case (User pulls the cables) 

User pulls the cables 

Initial conditions 

1. Docking station is not plugged into the monitor 

Operator (User) System (Docking Station) 

User plugs in the cables in the monitor  

 

The system shall hold the cables in place 

when they are pulled 

Ending conditions 

1. Docking station is plugged into the monitor 

Notes: 

1. It might be possible to design a fastener for the cables that would withstand the forces. 

 

Table 72 Originating requirements 

Index Originating Requirement Abstract Name 

OR1 The system shall hold the 

camera in a stable position 

Hold 

OR2 The system shall transfer 

power between camera and 

computer 

Transfer power 

OR3 The system shall transfer 

signals between camera and 

computer 

Transfer signals 

OR4 The system shall rotate when 

user push or pull on the 

camera 

Rotate 

OR5 The system shall not affect 

the computer or screen when 

rotated 

Reliable rotate 
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Appendix O Tables in Explore and Optimize the 

Design 

Table 73 Expanded use case “User Docks Camera in docking station”. Bold requirements are focused on. 

User Docks Camera in docking station 

Initial conditions 

Camera is not docked and not folded 

Docking station is connected to computer 

Operator (User) 

System (Docking Station and 

camera rear end) Camera Computer 

User folds the 

camera to docking 

position 

  

 

 

 

The camera is folded 

to docking position  

User docks the 

camera in the 

docking station    

 

The system shall give a 

confirmation when the 

camera is docked   

 

The system shall hold the 

camera in a stable position   

 

 

The camera is docked 

in the docking station  

   

The computer 

sends power to 

the camera 

 

The system shall transmit power 

between camera and computer   

  

The camera receives 

power and starts  

  

The camera sends 

electronic signals 

(video)  

 

The system shall transmit 

signals between camera and 

computer 

 

  

   

Receives signals 

(video) and 

shows the object 

(text) on the 

screen 

Ending conditions 

The camera is docked 

Docking station is connected to computer 

Notes: 

1. The connector(s) on the rear end of the camera and in the docking station shall mate. 
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Table 74 Expanded use case “User handles the docking station”. Bold requirements are focused on. 

User handles the docking station 

Initial conditions 

Camera is docked 

Docking station is connected to computer 

Operator (User) System (Docking Station) Camera 

User pulls or pushes 

the camera in order to 

rotate it   

  The camera is pushed or pulled 

 
The system shall rotate around 

the vertical axis  

 The system shall be easy to rotate  

 

The system shall not affect the 

computer or screen when the camera 

is moved  

Ending conditions 

The camera is docked 

Docking station is connected to computer 

Notes:  
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Table 75 Concept fragments to solutions of the requirements 

The system shall 

give a 

confirmation 

when the camera 

is docked 

The system 

shall hold the 

camera in a 

stable position 

The system 

shall transfer 

signals between 

camera and 

computer 

The system 

shall rotate 

around the 

vertical axis 

The system shall 

be easy to rotate 

Tactical markings Tight walls 

(forces from 

deflection) 

Cables Bolt with 

threads in 

material 

Surface to surface 

(no bearing) 

Sound from latch Walls that 

clamps 

together 

Connectors and 

cables  

Bolt and nut Surface 

lubrication 

Sound from 

speaker 

Attracting 

magnets 

Bluetooth Integrated pin 

with threads 

and nut 

Sliding bearing 

Sound from spring An opening 

and gravity 

Wi-Fi Rivet Ball bearings 

Light Latches  Pin Air cushion 

Noticeable force 

differences 

Pins   Electromagnetic 

Visual markings Bolts   Repelling 

magnets 

 Screws    

 Adhesives    

 Springs    

 

Table 76 Prune concept fragments A 

The system shall hold the camera in a stable position 

Mechanical Magnetic fields Chemical 

Tight walls (forces 

from deflection) 

Magnets Adhesives 

Walls that clamps 

together 

  

Attracting magnets   

An opening and 

gravity 

  

Latches   

Pins   

Bolts   

Screws   

Adhesives   

Springs   
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Table 77 Prune concept fragments B 

The system shall give a confirmation when the camera is docked 

Feel Sound Visual 

Tactical markings Sound from latch Light 

Noticeable force differences Sound from speaker Visual markings 

 Sound from spring  

 

Table 78 Prune concept fragments C 

The system shall transfer signals between camera and computer 

Wired transfer Wireless transfers 

Cables Wi-Fi 

Connectors Bluetooth 

 

Table 79 Prune concept fragments D 

The system shall rotate around the vertical axis 

Threaded Other 

Bolt with threads in material Rivet 

Bolt and nut Pin 

Integrated pin with threads and nut  

 

Table 80 Prune concept fragments E 

The system shall be easy to rotate 

Bearing Surface separation Other 

Sliding bearing Air cushion Surface to surface (no 

bearing) 

Ball bearings Electromagnetic Surface lubrication 

 Repelling magnets  

 

Table 81 Sum up and expand concept fragments A 

The system shall hold the camera in a stable position 

Tight walls (forces from deflection) 

An opening and gravity 

Latches 

Pins 

Springs 

 

Table 82 Sum up and expand concept fragments B 

The system shall give a confirmation when the camera is docked 

Feel Sound Visual 

Tactical markings Sound from latch Visual markings 

Noticeable force differences   
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Table 83 Sum up and expand concept fragments C 

The system shall transfer signals between camera and computer 

Camera connector mating with fixed cable from computer (existing solution) 

Camera connector mating with connector on circuit board, connecting to computer with wire 

Cables directly to the camera connectors via a hole in the docking station 

 

Table 84 Sum up and expand concept fragments D 

The system shall rotate around the vertical axis 

Bolt and nut 

Integrated pin with threads and nut 

 

Table 85 Sum up and expand concept fragments E 

The system shall be easy to rotate 

Bearing Other 

Sliding bearing Surface lubrication 

Ball bearings  

 

Table 86 Two requirements suitable for combination 

The system shall hold the camera in a 

stable position 

The system shall give a confirmation when 

the camera is docked 

Tight walls (forces from deflection) Tactical markings 

An opening and gravity Noticeable force differences 

Latches Sound from latch 

Pins Visual markings 

Springs  

 

Table 87 Combinations of fragments for holding the camera and confirm that it is docked 

The system shall hold the camera in a stable position and give a confirmation when the 

camera is docked 

Tight walls that gives noticeable force differences 

Tight walls with visual markings 

An opening with tactical markings 

An opening with visual markings 

Latches making noticeable sound 

Latches that gives noticeable force differences 

Springs that gives noticeable force differences 

Springs with visual markings 
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Table 88 Two requirements suitable for combination 

The system shall rotate around the 

vertical axis 

The system shall be easy to rotate 

Bolt and nut Sliding bearing 

Integrated pin with threads and nut Ball bearings 

 Surface lubrication 

 

Table 89 Combinations of fragments for requirements of a rotation function 

The system shall rotate around the vertical axis and be easy to rotate 

Bolt with nut and sliding bearing 

Bolt with nut and ball bearings 

Bolt with nut and surface lubrication 

Integrated pin with threads and nut and sliding bearing 

Integrated pin with threads and nut and ball bearings 

Integrated pin with threads and nut and surface lubrication 
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Figure 44 Integrating concept fragments  
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Table 90 Goals for the product 

Goals Attribute name 

Make the docking station easy to 

understand 

Easy to understand 

Make the docking station easy to use Easy to use 

Make the docking station reliable Reliability 

Make the docking station safe Safety 

Make the docking station sturdy Sturdy 

 

Table 91 Rating 

Attribute name Concept 1 Concept 2 Concept 3 

Easy to understand 3 3 3 

Easy to use 3 2 2 

Reliability 3 3 2 

Safety 3 4 3 

Sturdy 3 1 2 

 

Table 92 Weight of each goal 

Attribute name Weight 

Easy to understand 0.2 

Easy to use 0.23 

Reliability 0.17 

Safety 0.21 

Sturdy 0.19 
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Appendix P Final Concepts 

This appendix contains detailed drawings of the parts Body, Sliding part 

floor (1), Support (1) and Cable Holder. The drawing of Body is drawn on 

the sheet size A0. 
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Appendix Q Maximum Tensions in Screws 

When a screw is holding two parts together by inner force, the threads on 

the screw is affected by a high stress. Eq. 37 shows the equation to calculate 

this stress. 

 

 
σ =

4 × P

π × (d2 − di
2)

×
p

t
 

Eq. 37 

 

P = Inner tension force in the screw 

d = Outer diameter of the screws threads 

di = Inner diameter of the threads of threads in the threaded hole 

t = Length of the threaded area, where the screw and hole is in contact 

p = Pitch of the threads 

 

By rewriting the calculation and replacing the stress σ with the shear yield 

strength Ssy, the maximum force Pmax can be calculated as shown in Eq. 38. 

 

 

 

 

From Table 94 in Appendix R, the yield (Sy) strength for pp plastic is 20.7 

MPa. The shear yield strength (Ssy) is calculated by using Eq. 6. 

 

SSy = Sy × 0.58 Eq. 6 

Sy = 20.7 MPa 

 

⇒ SSy = 20.7 × 0.58 

⇒ SSy = 11.95 

 

  

 

Pmax =
σy × π × (d2 − di

2)

4
×

t

p
 

Eq. 38 
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From Table 95 in Appendix S, the outer inner diameter (di) and outer 

diameter (d) of the used screw, m3.5 is: 

 

d = 3.5 mm 

di = 2.76 mm 

t = 10 mm 

p = 0.6 

 

By adding in the value of each variable, the maximum force Pmax is 

calculated, as shown below: 

 

Pmax =
σy × π × (d2 − di

2)

4
×

t

p
 

 

⇒ Pmax =
11.95 × π × (3.52 − 2.762)

4
×

10

0.6
 

 

⇒ Pmax = 858.77 N 

 

Because that the docking base is attached to the turning plate by two screws, 

the total maximum tension force Ptot that the screws withstands is twice as 

high as Pmax. The total maximum tension force Pmax is calculated from Eq. 

39, as shown below. 

 

 

 

 

⇒ Ptot = 858.77 × 2 

 

⇒ Ptot = 1717.55 N 

 

The total maximum tension force over all screws between the docking base 

and the turning plate is about 1700 N before. Any force higher than this will 

cause plastic deformation in the threads in the docking base. 

 

 Ptot = Pmax × 2 Eq. 39 
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Appendix R Material Selection 

 

 

Figure 45 Coefficient of friction [30] 

 

Table 93 E-modulus for polymers [30] 
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Table 94 Yield and tensile strength of polymers [30] 
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Appendix S Screw Dimensions  

Table 95 Dimensions of ISO Metric Screw Threads 
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Appendix T Calculations on the Docking Force in 

the New Model 

The first three pages are recapitulation of the first pages of Appendix J for 

support. 

When the camera foot is placed in the docking station it is affected by 

normal forces and friction forces from the walls of the docking station. 

Figure 35 shows how the normal forces FN and the friction forces Ff affects 

the circular part of the camera. The force that pushes the camera down F has 

to be larger than the sum of these forces that works parallel against it. 

 

Figure 46 Forces affecting the camera during docking 

 

Figure 36 shows the vertical force Ff, v of Ff and the vertical force FN, v of 

FN. The vertical forces are calculated with Eq. 11 and Eq. 12: 

 

 Ff,v = Ff × cos(α) Eq. 11 

 

 FN,v = FN × sin(α) Eq. 12 
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Figure 47 Vertical components of the normal and friction force 

 

The sum of the forces (Eq. 13) from Eq. 11 and Eq. 12 creates the total 

vertical force from one wall of the docking station, see Figure 37. Eq. 13 is 

developed to Eq. 14. 

 

 Fv = FN,v + Ff,v Eq. 13 

 
⇒ Fv = FN × sin (α)  + Ff × cos(α) Eq. 14 

 

 

Figure 48 Total vertical force from one wall 

 

The total vertical force, Fv tot in Eq. 15 from the docking station is the sum 

of the vertical force from each wall. 

 

 Fv tot = Fv × 2 Eq. 15 

 Fv = FN × sin (α)  + Ff × cos(α) 

 

 
⇒  Fv tot = (FN × sin (α)  + Ff × cos(α)) × 2 Eq. 16 
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The friction force is the normal force multiplied with the friction coefficient 

f, so the equation can be simplified by replacing 𝐹𝑓 with 𝐹𝑁 ×  𝑓. The total 

vertical force is developed in Eq. 18. 

 

Fv tot = (FN × sin (α)  + Ff × cos(α)) × 2 

 Ff = FN × f Eq. 17 

⇒  Fv tot = (FN × sin (α)  + FN × f × cos(α)) × 2 

⇒  Fv tot = FN × (sin (α)  + f × cos(α)) × 2 

 
⇒  Fv tot = FN × 2 × (sin (α)  + f × cos(α)) Eq. 18 

 

  



 

A p p e n d i x  | T-4 

 

In Eq. 36 from the calculations in Appendix J (page J-11), the relationship 

between the deflection force P, the deflection δ3 and the spring constant k3 

is determined. By rewriting the equation, the deflection force P can be 

calculated, as shown below. 

 

 δ3 = P × k3 Eq. 36 

 

 
⇒ P =

δ3

k3
 Eq. 40 

 

In Figure 49, in Appendix U the center of the circular part of the camera is 

39.79 mm from the wall. The radius of the cameras circular part is 39.90 m, 

see Figure 41 in Appendix L, so the difference between these number is the 

deflection of the wall, δ3, , which is 0.21 mm 

 

In Eq. 32 from the calculations in Appendix J on page J-8, the calculation of 

the spring constant k3 is shown, based on the spring constants k1 and k2. 

The integration of the different deflection cases, with the spring constants 

k1 and k2, gives the deflection case with spring constant k3. 

 

 

 

k3 =
1

(
1

k1
+

1
k2

)
 

Eq. 32 
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Due to that the deflection cases is identical between the new model and the 

current model of the docking station, the spring rates k1 and k2 can be 

calculated by the same equations. 

The spring rates, k1 and k2 can be calculated with Eq. 25 and Eq. 26 in 

Appendix J on page J-6. 

 

 
k1 =

2 × a3

6 × E × I1
 

Eq. 25 

 

a =Vertical distance to the point affected by a force from the bottom of the 

wall 

E = Elastic modulus of the material in the beam 

I1 = Moment of inertia over the horizontal section of the wall 

 

 

k2 =
L3

192 × E × I2
 

Eq. 26 

 

L = Width of the wall 

E = Elastic modulus of the material in the beam 

I2 = Moment of inertia over the vertical section, shown from the side of the 

wall 

 

L is identified from the drawing Body, in Appendix P and a is identified 

from Figure 49 in Appendix U: 

L =  38.15 mm 

a =  10.09 mm  
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E is identified from Table 93 in Appendix R, assumed to be the flexural 

modulus of the thermoplastic PP: 

 

E =  1.55 GPa =  1.55 × (109)/(106) N/mm2 

⇒ E =  1.55 × 103 N/mm2 

 

The value of I1 and I2 are calculated with Eq. 41 and Eq. 42: 

 

 
I1 =

b1 × h13

12
 

Eq. 41 

 

 
I2 =

b2 × h23

12
 

Eq. 42 

 

The thickness of the wall, h1 and h2, is identified from the drawing Body, in 

Appendix P: 

h1 =  h2 =  2.89 mm 

 

The length and width of the wall, b1 and b2, is identified from the drawing 

Body, in Appendix P: 

b1 =  22.22 mm 

b2 =  38.15 mm 
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Below the moments of inertia, I1 and I2, are calculated from Eq. 41 and Eq. 

42. I1 becomes 44.7 mm
4
 and I2 becomes 76.7 mm

4
. 

 

I1 =
b1 × h13

12
 

h1 =  2.89 mm 

b1 =  22.22 mm 

 

 ⇒ I1 =
22.22×2.893

12
 

 

 ⇒ I1 = 44.7 mm4 

 

 I2 =
b2×h23

12
 

h2 =  2.53 mm 

b2 =  38.15 mm 

 

 ⇒ I2 =
38.15×2.893

12  

 

 I2 = 76.7 𝑚𝑚4 
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By putting in all the values into Eq. 25 and Eq. 26, k1 and k2 are calculated. 

The values are: k1=0.0049 mm/N and k2=0.0024. 

 

 
k1 =

2 × a3

6 × E × I1
 

Eq. 25 

 

a =  10.14 mm 

E =  1.55 × 103 N/mm2 

I1 = 44.7 mm4 

 

 ⇒ k1 =
2×10.143

6×(1.55×103)×44.7
 

 

 ⇒ k1 = 0.0078 mm/N 

 

 

 

k2 =
L3

192 × E × I2
 

Eq. 26 

 

L =  38.15 mm 

E =  1.55 × 103 N/mm2 

I2 = 76.7 mm4 

  ⇒ k2 =
38.153

192×(1.55×103)×76.7
 

  ⇒ k2 = 0.0024 mm/N 
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By putting in the value of k1 and k2 into Eq. 32, the spring rate k3 is 

calculated to be 0.0016 mm/N. 

 

k3 =
1

(
1

k1
+

1
k2

)
 

Eq. 32 

 

k1 = 0.0078 mm/N 

k2 = 0.0024 mm/N 

 

 ⇒ k3 =
1

(
1

0.0078
+

1
0.0024

)
 

 ⇒ k3 = 0.0018 mm/N 

 

By putting in the values of δ3 and k3 into Eq. 40, the deflection force P is 

determined to be 81.25 N: 

 

P =
δ3

k3
 

δ3 =  0.21 mm 

k3 =  0.0016 mm/N 

 

⇒ P =
0.21

0.0018
 

 ⇒ P = 116.67 N 
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From Figure 45 in Appendix K, the friction coefficient is estimated to be 

about 0.24, which is the friction coefficient between PP and dry steel. From 

the drawing Body, in Appendix P, the angle of the wall is identified to be 1 

degree. 

By setting Fn equal to P and the friction coefficient equal to 0.24 and insert 

the numbers into Eq. 18 the minimum required docking force is determined. 

 

  Fv tot = FN × 2 × (sin (α)  + f × cos(α)) Eq. 18 

 

Fn =  P =  116.67 N 

α =  1˚ 

f =  0.24 

 

  ⇒ Fv tot = 116.67 × 2 × (sin (1˚)  + 0.24 × cos(1˚)) 

  ⇒ Fv tot = 60.06 N 

The minimum required docking force is determined to be about 60 N 
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Appendix U Sketch, Camera Foot in the New 

Docking Station 

 

Figure 49 Measurements of the deflections from the docking procedure in the new model 
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Appendix V FMEA of the New Model 

Table 96 FMEA analysis on the new model 

 

Customer  

LVI 
Issued by Detail name Detail number Design FMECA X 
Tim Johansson, Pontus Nilsson Docking Station - 

Project Leader Date Follow up Date Remarks Process FMECA   
Degree Pro. Pontus Nilsson apr-15 No - - 

Component Function Failure Mode Failure Effect Failure Reason Probability of 

Occurrence of 

Failure 

Severity of 

Failure 

Likelihood of 

Detecting the 

Failure 

Risk Priority 

Number 

RPN 

Docking Base Hold the MLS Clearance too big Too much play in the camera Manufacturer produces 

dimensions outside tolerances 

1 3 1 3 

  Clearance too small Hard to dock and undock the 

camera 

Manufacturer produces 

dimensions outside tolerances 

1 6 1 6 

  Cracks Breakage 

Docking is not possible 

Cracks appear during the 

assembling due to incautious 

procedure 

1 7 3 21 

  Quick aging/corrosion Shorter life time of the product or 

part needs to be replaced 

Inappropriate selection of 

material by the design 

department or too short designed 

usage time  

1 7 5 35 

Connectors, circuit board Transmit 

signals 

Cable doesn't fit 

connector 

Breakage 

Docking is either hard or 

impossible to achieve 

Manufacturer produce different 

size of connectors compared to 

the original design 

1 7 1 7 

  Connector is askew Breakage 

Docking is either hard or 

impossible to achieve 

Manufacturer mills the supports 

of the circuit board unevenly (the 

connectors are placed on this 

circuit board) 

4 7 1 28 

Pressure plate and screws Hold cable Cables loosens or slides 

through the grip of the 

pressure plate  

Docking is hard to achieve Inappropriate design of holders 

for the cables. 

It is too difficult to adjust the 

holders during the assembly 

2 7 5 70 

  Damage the cable Destroys cable and no signal can 

be transmitted 

The assembling team does not 

follow instructions correctly and 

uses too high torque when 

tightening the screws. 

1 8 1 8 

Bolt, nut and sliding bearing Make rotation 

possible 

Too much play The camera is not fixed, it is hard 

to focus the picture 

The assembling team does not 

follow instructions correctly and 

adjusts the bolt too loosely 

5 3 1 15 

  Hard to rotate the 

camera 

It is difficult for the user to adjust 

the camera to the optimal position  

The assembling team does not 

follow instructions correctly and 

adjusts the bolt too firmly 

4 3 3 36 
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Appendix W Sustainability Report (New Model) 

Appendix W1 Body 

 

Sustainability Report 
  

 

Model Name:  Body 
Material:  PP Homopolymer 

Recycled content: 0.00 % 

Weight:  270.98 g 

Manufacturing 
process:  

Injection Molded 

Surface Area: 78427.74 mm² 

Built to last:  5.0 year 

Duration of use:  3.0 year 
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Appendix W2 New Rotation SMS (part 1) 

 

Sustainability Report 
                                                                                                           

 

Model Name:  New Rotation SMS 
(part 1) 

Material:  Plain Carbon Steel 

Recycled content: 18 % 

Weight:  178.16 g 

Manufacturing 
process:  

Stamped/Formed Sheetmetal 

Surface Area: 16515.22 mm² 

Built to last:  5.0 year 

Duration of use:  1.0 year 
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Appendix W3 New Rotation SMS (part 2) 

 

Sustainability Report 
  

 

Model Name:  Support 
 
Material:  Plain Carbon Steel 

Recycled content: 18 % 

Weight:  13.81 g 

Manufacturing 
process:  

Milled 

Surface Area: 2712.76 mm² 

Built to last:  5.0 year 

Duration of use:  1.0 year 
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Appendix W4 Cable Holder 

 

Sustainability Report 
  

 

Model Name:  Cable holder 
 
Material:  PP Homopolymer 

Recycled content: 0.00 % 

Weight:  0.59 g 

Manufacturing 
process:  

Injection Molded 

Surface Area: 909.03 mm² 

Built to last:  5.0 year 

Duration of use:  1.0 year 
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Appendix W5 Calculations on the Environmental Impact of the New Model 

The calculations in Table 97 are done with Eco Indicator 99 (see app #). The 

total sum is calculated to 144 millipoints plus laser cutting of the Rotation 

SMS. The parts Plate and Sliding Bearing is the same as in the current 

model, data for them can be seen in Appendix G4 and Appendix G5, 

respectively. 

As in the calculations of the environmental impact of the current model, the 

impact from laser cutting is missing data and therefore not taken into 

consideration. There is however less laser cutting involved in the New 

Rotation SMS, mainly because Support (New Rotation SMS part 2) is 

smaller and has less cutting length. 

The new part, Cable Holder, has a small mass so only the impact from 

material production needs to be accounted for. 
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Table 97 Calculations on environmental impact of new model 

 

Part Mass 

(kg) 

Material Production 

of material 

indicator 

mPt/kg 

Production of 

initial 

material score 

mPt initial 

material 

Processing 

method  

Processing 

method 

indicator 

mPt/kg 

Processing 

method 

score mPt 

Recycled 

waste 

indicator 

mPt/kg 

Waste 

treatment 

score 

Total 

score 

mPt 

Body 

(new 

docking 

base) 

0.2710 PP 330 89.4 Injection 

molding 

21 5.7 -1.1 -0.3 94.8 

New 

Rotation 

SMS (part 

1) 

0.1782 Steel 86 15.3 Laser 

cutting 

 - 1.4 0.2 15.5 

Support 

(New 

Rotation 

SMS part 

2) 

0.0138 Steel 86 1.2 Laser 

cutting 

 - 1.4 0 1.2 

Plate 0.3486 Steel 86 30.0 Laser 

cutting 

 - 1.4 0.5 30.5 

Sliding 

bearing 

0.00476 PE 330 1.6 Stamping Neglected 0 Neglected 0 1.6 

Cable 

Holder 

0.00059 PP 330 0.2 Injection 

molding 

21 0 Neglected 0 0.2 

Total 0.82         144 
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Appendix X House of Quality (New Model vs Old 

Model) 

 

Figure 50 House of quality of the new model 
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