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Summary 
 

GCE Group is a company that, among other things, is involved in the medical gas supply industry. 

There they are dealing with complex supply chains systems of medical gas that for instance provides 

operating theatres with a few necessary gas types at the correct pressure. In the supply chain there is 

a unit called ‘pressure watch’ that monitors the current pressure of the gases which flows through it. 

In case of an event the system must quickly recognize this, sound an alarm and be able to be shut off. 

The medical gas supply industry in Sweden is regulated by a standard called SS-EN ISO 7396-1.  

The current product follows the ISO standard and is fully functional but the company wants to 

update the design and has asked for conceptual design proposals.  The report will cover the design 

process to gain knowledge of how these products work and are used and to find the aspects of what 

makes them appealing.  

A suitable combination of processes was applied to find out what was needed for a successful design. 

With that in mind, the actual dissection of the existing product took place. When the core fragments 

had been identified, important needs and functions acted as a foundation when choosing viable 

options for a new design.  

A lot in conceptual design is based on subjective assessments of design aspects. To find and study 

these aspects benchmarking competitors, the house of quality and brainstorming are useful tools. 

With the derived data information at hand it is then possible to find ways to stand out in a desirable 

way.  

Three different concepts were generated through the process. Each one still have the original 

functionality, but they are also distinctive in their own way yet compatible with one another. The key 

features for each design took three different directions. One visual appealing, one with focus on 

technological development and one mechanical improved by the use modules.   
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Sammanfattning 
 

GCE Group är ett företag som bland annat är involverad i den medicinska centralgasindustrin. Där 

behandlas komplexa leveranssystem av medicinsk gas som till exempel förser operationssalar med 

nödvändiga gassorter vid rätt tryck. I leveranskedjan finns en enhet som kallas tryckvakt som 

övervakar det aktuellt trycket av gasen som strömmar igenom den. Vid en incident ska enheten 

upptäcka detta och ljuda ett alarm, det ska sedan vara möjligt att snabbt kunna stänga av flödet. Den 

medicinska centralgasindustrin är i Sverige reglerad av en säkerhetsnorm kallad SS-EN ISO 7396-1. 

Den nuvarande produkten följer ISO standarden och är fullt funktionell men företaget vill uppdatera 

designen och har efterfrågat ett par konceptuella konstruktioner. Denna rapport behandlar 

designprocessen för att bygga upp kunskap om hur produkterna fungerar och används samt för att få 

fram de aspekter som gör dem tilltalande. 

En anpassad kombination av designprocesser användet för att utröna vad som behövdes för att göra 

en lyckad design. Med det i åtanke kunde dissekeringen av den nuvarande produkten genomföras. 

När kärnfragmenten hade identifierats användes dess viktiga behov och funktioner som grundpelare 

när nya designval skulle göras.  

Mycket i konceptuell design baseras på subjektiva bedömningar av designaspekter. För att hitta och 

studera dessa aspekter är produktjämförelse med konkurrenter, kvalitetshuset och kreativt tänkande 

användbara verktyg. Med den utvunna datainformationen tillgänglig är det sedan möjligt att hitta 

olika sätt att sticka ut på ett önskvärt sätt. 

Tre stycken olika koncept togs fram i processen. Alla tre har fortfarande kvar den ursprungliga 

funktionaliteten, men de är även distinkta på sitt eget sätt och samtidigt kompatibla med varandra. 

Nyckelfunktionerna för de tre designerna drar åt olika riktningar. En visuellt tilltalande, en med fokus 

på teknologisk utveckling och en mekaniskt förbättrad genom användning av moduler.  
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Abstract 
 

The pressure watch is a part of the medical central gas system. With an old design the company has 

asked for an overhaul and a few conceptual designs. The report follows an abductive methodized 

design process to gain knowledge how the products work, compare it with competitors and then find 

solutions for new designs. 

Pressure watch, medical central gas system, redesign.  
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1. Introduction 

1.1 Background 
In hospital environments there are a few products more exposed to the staff and visitors than others 

and therefore have a greater visual importance. Products such as terminal units, pressure watches 

and shut off valve boxes. Pressure watches monitors and supervises the gas pressure and is 

important to the hospital gas supply system. It consists of quick couplings for emergency supply, 

gauges and pressure sensors. These boxes must be placed in the vicinity and be easily accessed by 

authorized personnel. It must be sealed by a cover. In order to avoid mistakes a color code system is 

used and the gas type must be marked in a distinctive way. It is also important that the purpose each 

box serves is clearly stated to improve better understanding of the user interface.  

The systems are designed to provide safety, while being cost-effective and convenient. Mishaps 

through malfunction and misuse have cost many lives throughout the history. Therefore it is 

important to take local conditions into consideration in the design process such as power supply 

which forces the systems to have backup plans. (Das et al. 2013) 

Safety standards for medical gas systems are used (SIS HB 370 edition 3) and the old Swedish and 

European standard SS-EN 737-3 have been incorporated into the international standard ISO 7396-1 

resulting in a new standard which in Sweden goes by the name SS-EN ISO 7396-1. However, a few 

recommendations superior to the SS-EN ISO 7396-1 standard have been kept because they have 

shown reliability in application for many years. There are also parts not included in the SIS HB 370 

and have been assessed not relevant for Swedish conditions. Examples of this are central-vacuum-

systems and proportioning-systems (synthetic air, i.e. a mixture of nitrogen and oxygen) and also the 

distribution-systems for oxygen enriched air. 

1.2 Company Description 
The GCE Group is today Europe’s leading company in the field of gas control and is involved in the 

development and manufacturing of all types of equipment for pressure and flow control of high 

pressure gases. GCE’s main business originally concentrated in the oxy-acetylene cutting and welding 

market. However, with almost 100 years of experience in the handling of high pressure gases, the 

product range has now grown to include high purity and medical gas equipment. Today’s product 

portfolio fits a large variety of applications, from simple pressure regulators and blowpipes for 

welding and cutting to sophisticated gas supply systems for medical and electronics industry 

applications. 

1.3 Problem 
GCE have intentions to be a company known for safety and quality, this however also needs to be 

reflected in their products. Design is really what differs one company from another in this medical 

equipment industry due to regulations through standards. The current design of pressure watches 

and shut off valve boxes does not live up to these goals and feels outdated. A product life cycle 

would suggest that a new product would be beneficial. With a new design of the terminal units they 

also would like, in alignment with this, to update its associated parts to strengthen the brand and 

create a company identity. 
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1.4 Purpose 
The purpose of this degree project is to present up to three different design concepts of pressure 

watches and shut of valve boxes while maintaining alignment to the new design of the terminal units 

and take customer needs and competitors into consideration. The requested parameters provided by 

the company are 

 

 Material 

 Functionality 

 Design alignment with GCE range 

 Customer needs 

 Design for manufacture 

 Cleaning 

 Regulations 

 Integration of an alarm 

 

1.5 Objectives 
A big part of the definition phase is the understanding of how the products are handled. Everything 

from installation to application and use that knowledge in product development. It should be easy to 

do maintenance if needed, easy to understand and operate from different perspectives. This can only 

be solved by talking to the users and will require visits and interviews.  

 

As an uplifted topic environmental impacts must be taken into consideration in the, for example 

selection of materials, this can lead to a slightly affected production cost while it mustn’t 

compromise the product. Another way is to look towards modular architecture (Chung et al, 2014) 

 

 Studying industry competitors and try to figure out what makes their products successful. 

 Finding versatile concepts to be able to customize products for different markets. 

 Establish good contact and cooperation with the different departments of GCE. 

 

1.6 Delimitations 
The medical central gas product portfolio of GCE is large, but the project will primarily focus on 

pressure watches and the slightly more basic shut of valve boxes secondarily. It is not expected to 

produce a prototype but to provide up to 3 design concepts. 
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2. Method 
 

2.1 Positivism 
Positivism is an approach on cause and effect in extreme form of what will happen with a certain 

outset. This way of thinking is based from an era when science was dominated by a particular 

philosophy. Its proponents exert rejection towards something called metaphysics, in short they favor 

concrete thinking over abstract and sticks to what we can observe and measure. They believed in this 

empiricism – and that it is the foundation of the scientific endeavor. However, positivism has slightly 

progressed into something that can be called post-positivism which in one of its most common 

forms, is a philosophy called critical realism. Critical realists are critical of our ability to know reality 

with certainty. It's somewhat related to common sense reasoning with exception of procedure. We 

tend to not be as careful whereas in science you use protocols. However, this changes with the 

stakes at play. (Social research methods, 2006) 

2.2 Hermeneutics 
Hermeneutics is the antonym to positivism, an abstract way of thinking, the theory of interpretation. 

The word itself is today commonly used in religious environments, how to interpret the Bible 

individually rather from the Church. It reaches back to ancient Greece where it meant the theory of 

achieving an understanding of texts, utterances and so on. In today’s scientific methodology it 

represents the philosophy that all science must be done and tested by the influence of our own 

perspective and that we do the best we can with the available information. (Stanford University, 

2005), (The University of Chicago, 2007), (Wiley Online Library, 2010) 

 

2.3 Scientific Approach – Positivism/Hermeneutics 
 

 

 

My scientific approach will include both positivism and hermeneutics. Hermeneutics will cover the 

interpretation of the theory. Positivism will lay the foundation of the scientific approach whilst 

implementing the theory. All information cannot be collected through empiric studies but in extent 

as far as it goes, the weight will be focused on positivism as shown in figure 2.1 

  

Hermeneutics Positivism 

Figure 2.1 Positivism – Hermeneutics scale 
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2.4 Deduction 
With deductive methodology you originate from existing general theories and narrow it down to 

more specific ones. It's called a top-down approach. You check the validity by observation and if 

possible narrow it down even further. The reasoning follows the pattern shown in figure 2.2. (Social 

Research methods, 2006) 

 

Figure 2.2 – Deductive Method (Social Research methods, 2006) 

2.5 Induction 
With Inductive reasoning you use collected data to find patterns and regularities which you use to 

formulate a tentative hypothesis that can be explored and then be developed into a theory. It's 

called the bottom-up approach shown in figure 2.3. (Social Research methods, 2006) 

 

 

Figure 2.3 – Inductive Method (Social Research Methods, 2006) 

 

2.6 Abduction 
Inductive reasoning is considered more open-minded and exploratory due to its very nature. 

However, the mixture of the two methods, induction and deduction is called abduction. You use 

existing theories, do the mapping and sort the data. It's later used when you want to create a theory 

specific for the company 

 

2.7 Scientific Approach – Deduction/Induction/Abduction 
An abductive method is needed to achieve the purpose due to the fact that a design method is 

product specific. The deductive reasoning is required in the development of the design theory. The 

validity will be confirmed continuously in the process. In the application phase, inductive reasoning 

must be used in order to be able to apply the collected data from observations into a specific product 

theory.  

  

Theory Hypothesis Observation Confirmation 

Observation Pattern 
Tentative 

Hypothesis 
Theory 
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2.8 Qualitative Method 
A qualitative research method is used when a researcher want an informants personal perception of 

a product, usually done by holding an informal interview. The selection of informants is made by 

predetermined preferences. The study itself is commonly in small-scale and the scientist will most 

likely participate and interfere. The goal is to find patterns and common features and form a product 

description. Compliance to data is important, as is the approach to the result that due to the usually 

small number of participants must be open minded.  (Chalmers, 2014) 

 

2.9 Quantitative Method 
A quantitative research method is like a structured observation. The researcher keeps a neutral 

approach to the subject with the goal to describe and prove connections and look for a 

generalization. The method is often used when the study is in larger-scale with specific variables. The 

focus lies on measurability and delimitations.  Surveys are often used with predetermined answers, 

but questions can be formulated in such ways that the participant may write freely about the subject. 

By evaluating those answers, new questions can be formulated. The selection of participants needed 

is also important and can be calculated. (Chalmers, 2014) 

 

2.10 Scientific Approach – Qualitative/Quantitative 
I will be using a mostly qualitative method. This is for example due to the fact that there are not 

enough participants available to perform a survey. The outcome of the design will be based on the 

opinion of the three types of users which are deliberately selected. It is however important to have 

an anthropological approach in mind in the interview process which will require some quantitative 

methodology. 

 

2.11 Objectivity 
Research based on scientific facts free from personal opinions and feelings is called objective. It is 

however hard to achieve total objectivity because of underlying tendencies to influence what is being 

written. The endeavor is usually affected by culture, scientific tradition, old habits, environment and 

the researcher’s personal opinion and interests. (Magne Holme, et al., 1997) 

A design procedure is impossible to conduct without personal opinions. It is however to the greatest 

extent my intention to be as objective I can while doing interviews, interpreting results and 

producing the concepts. 
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2.12 Validity 
The collected information must be reliable in order for it to be used. This is where the aspect of 

validity comes into play, it determines if the information is usable or not. Validity is affected by what 

type of sources that are used or how the information is interpreted. The degree of validity can be 

measured with either theory or empirical data. In the first case, the information is compared with an 

existing theory and has its reliability checked, in the second case the collected data is compared with 

data already collected from earlier studies. 

Also, in what relation the informant and the researcher stand can also have an impact on the validity. 

(Magne Holme, et al., 1997) 

The last mentioned part is important to surface. In this report I will hold an interview with a user who 

is working with anesthesia in Växjö who also happens to be an aunt of mine. It will be interesting to 

compare her answers with other users. The collected data from my own research will also be 

compared with empiric data gathered at GCE from previous product development.  

 

2.13 Reliability 
Reliability or relativity is a quality of measurement. It cannot be calculated, only estimated. A study is 

considered to have high reliability if it is repeatable by someone else; assuming that what is being 

measured is not changing. Random factors should not change the end result significantly. Results 

made by different researchers are often categorized in order to counteract subjective assessments. 

The degree of reliability is high if the interpretation of the results is close to equal. (Social research 

methods, 2006) 

The degree of reliability is dependent on the choice of design method. The process itself is affected 

by every choice made in the design process. To achieve high reliability, both validity and objectivity 

must be high in order for it to be repeatable.  

 

2.14 Source Criticism 
Source criticism means that the sources credibility is questioned and analyzed. A personal 

assessment must be made, especially when dealing with electronic sources. The assumption that it 

has been reviewed by a publisher, institution or researcher can lead to inaccurate information. The 

source assessment should include qualification, objectivity, authenticity and relevance. (Linnæus 

University, 2013) 

I will use both published printed material and electronic sources. Some of them have been presented 

during lessons like “socialresearchmethods.net” or used in previous courses such as “Getting Design 

Right”. For the most part my electronic sources consist of published material from well-known 

universities. I check the author’s qualification and make an assessment of the content. Other sources 

have been recommended by the supervisor. 

The information collected also needs to be criticized which will be covered in the design chapter.  
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2.15 Interviews 
Collecting information from people whose knowledge has sprung from experience is favorable when 

conducting interviews. If something is unclear it is possible to ask follow-up questions. An interview 

can look differently. The most common way is that person holding the interview, collects a set of 

questions that need answering. It could also be unstructured, depending on the situation. A dialogue 

often gives the most valuable answers. (Dörney, 2007) 

The people selected for the interviews have different identities to the products; these are called 

user, customer, and owner.  The will be explained more thoroughly in the theoretical chapter, 

“Define the Problem”. By request the people interviewed will remain anonymous.  
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3. Theory 

3.1 Design Methods 
 

The process of design can be different depending on whose providing the method. To find one 

suitable for the project, different methods have been taken into consideration and then chunks have 

been combined into one suited to follow the abductive methodology. Four different have been 

considered for this project. An overview of these can be found in Appendix D.  

3.2  Redesign Process  

3.2.1  Definition 

The foundation of a redesign process is to define the current product to see what is being dealt with. 

Three different roles tied to this product are determined. These are kept in mind during the redesign 

process to help understand how the product works and that changes made are applied properly.  

 The Owner, who sets the design goals and authorizes major design decisions,  

 The Customer, who approves purchases of the system, 

 The User, who actually uses the system for its approved purpose. 

This is followed by a mission statement, to clarify the task that lies ahead with a statement of the 

purpose of the system to be designed. (Jackson, 2010). 

3.2.2  Identifying Customer Needs 

With the mission statement at hand the next natural step is to start gathering information on 

customer requirements and attributes to help understand how the current product are being used. 

The data gathered needs to be identified into product objectives and requirements. (Ulrich, Eppinger 

2008, 56-68) uses a 5 step process to identify these needs. 

1. Gather raw data from customers 

2. Interpret the raw data in terms of customer needs 

3. Organize the needs into a hierarchy of primary, secondary, and (if necessary) tertiary needs. 

4. Establish the relative importance of the needs 

5. Reflect on the results and the process 

To gather the data from customers (Jackson 2010) suggests visiting work sites and studying the 

current process by observations and holding interviews to gather data on customer needs and wants. 

 

A few examples of what kind of questions that needs answering in close cooperation with the client 

in order to achieve identification of requirements; (Pahl et al., 2007, 145) 

 What are the objectives that the intended solution is expected to satisfy? 

 What properties must it have? 

 What properties must it not have?  
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Ulrich & Eppinger (2008) presents a template on where the interpretation of the statements can be 

placed for easy organization. The table 3.1 is a fractioned extracted example. 

Table 3.1 – Customer Data Template (Ulrich & Eppinger 2008, 62) 

Question/Prompt Customer Statement Interpreted Need 

Typical uses I need to drive screws fast, 
faster than by hand 

The SD drives screws faster 
than by hand 

Likes-current tool I like the magnetized tip The SD tip retains the screw 
before it is driven 

 

Further organization of these is required and a list consisting of need statements needs to be 

organized hierarchy, consisting of primary needs and secondary needs. Statements sharing a common 

interest can be merged together creating a super-group. This list itself does not provide information 

on its relative importance to the customer needs, it is solved by giving each requirement is given a 

rank of importance. (Ulrich, Eppinger 2008, 63-64). 

3.2.3  Specification 

Functional requirements derived from Use Cases 

A similar process will follow for the practical application.  

The goal is to write a set of statements that lists the functional requirements of “What is the system 

or product expected to do?” They are to be specified as what the system must do, but not how and is 

done by collecting use cases which are situations in which a user would want to use the system and 

think about the system from different user perspectives. (Jackson, 2010, 38-40) 

Target Specification 

The focus lies on establishing a target specification of product objectives, which will be translated 

into technical requirements. It can be done in a four step process (Ulrich, Eppinger 2008, 75) 

1. Prepare the list of metrics, that is reflecting the degree of customer need satisfaction 

2. Collect competitive benchmarking information, and then process it in the House of Quality 

3. Set ideal and marginally acceptable target values 

4. Reflect on the results and the process 

However, before anything is benchmarked or processed in the house of quality, it is possible to give 

the product objectives certain weights and compute relative priority which will be useful later when 

comparing concepts. (Jackson 2010, 77-79) 

When weighting categories, each one is given a percentage weight. The same is made when 

weighting subcategories. In the end the sum of the total weight of all the subcategories should be 

equal to 1. In a relative priority list each subcategory and its related weight is ranked in ascending 

order. 
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The House of Quality 

The house of quality is a great tool for communication between design and engineering. You define 

the relationship between customer desires and product characteristics by linking together matrices 

that summarize important relationships. (Jackson 2010, 85-87) 

It consists of six matrices, each representing a different part of a building shown in figure 3.1.  

 

 

 

 

 

 

 

 

 

 

 

 

The process of building a house of quality is as follows (Jackson 2010, 86-87): 

1. Identify and bundle customer-focused product objectives 

2. Rank and weight the product objectives from the customer’s perspective. 

3. Benchmark the competition on the product objectives. 

4. Identify the engineering characteristics that are most relevant to product objectives. 

5. Assess the impact (positive or negative) that the engineering characteristics have on the 

product objectives 

6. Relate the engineering characteristics to each other. 

7. Identify units of measure, cost, difficulty, and other aspects of the engineering 

characteristics. 

8. Benchmark the competitors on the engineering characteristics. 

9. Decide on target technical performance measures for each engineering characteristics. 

 

5.Interrelationship 

3. Engineering characteristics 

4. Impact of engineering characteristics 

on customer objectives 

6. Targets 

1
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Figure 3.1 – The shed of quality (Jackson 2010, 87) 
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3.2.4  Conceptual Design 

The generate product concept phase normally starts with a set of customer needs and target 

specifications and results in a set of product concepts. Ulrich and Eppinger (2008, 100-120) present a 

five step method 

1. Clarify the problem, in where the problems are decomposed to develop a general 

understanding 

2. Search externally, which is an information collection process that later focuses on promising 

solutions. Consists of consulting, researching and benchmarking. 

3. Search internally, generate concept stimulated sessions for both individuals and groups. 

4. Explore systematically, by navigating through concept fragments to work subproblems into 

solutions. It is useful to use the tools such as concept classification tree, concept combination 

table and morphological charts (figure 3.2) 

5. Reflect on the solutions and the process. 

 

 

Fragments are chosen to cover a certain function and are then combined to satisfy required 

functionality. (Jackson 2010, 111-115) 

These fragments are applied in an early conceptual sketching stage, in which it is wise to start 

thinking on the placements of parts and the configuration of interfaces so that they are adapted to 

human conditions rather than having humans adapting to the technology. This covers everything 

from color pallets to modeling. (Arbetsmiljöverket, 2012) 

  

Figure 3.2 – A Morphological chart 
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3.2.5  Analysis of Concepts 

Concepts then need to be selected and to do this you apply a concept screening where the most 

commonly used method is called Pugh analysis. It is followed by a concept scoring. Ulrich and 

Eppinger (2008, 129) present an easy to grasp method which is used for both screening and scoring.  

1. Prepare the selection matrix,  

2. Rate the concepts,  

3. Rank the concepts,  

4. Combine and improve the concepts (optional),  

5. Select one or more concepts (optional),  

6. Reflect on the results and the process.  

The Pugh analysis is applied to select a single concept; it can also be used to measure relativity 

between an existing concept and the generated concepts. 

Screening 

All the customer product objectives that were identified in the customer analysis study are placed in 

a design attributes table. With it the integrated design concepts will be measured. Design concepts 

are not relevant if they differ in ways that do not affect any of the objectives.  

In the screening process concepts will be rated and weighted to find those that should be eliminated 

early on. In the screening matrix a reference concept will be used, preferably one that is likely to be a 

serious candidate, and compare all other concepts against it. As for the rating system plus (+) and 

minus (-) can be used or zero (0) if it is considered equally good. (Jackson 2010, 134-136) 

 

Scoring 

The weights will enter the decision-making process as a factor so it is important to review its process. 

They can be adjusted with the fact that you now have specific design alternatives. 

The attributes weights will now be brought together with the alternative ratings from the Pugh 

concept selection matrix. By multiplying the weighs and the ratings you will end up with a weighted 

score for each concept-attribute combination. (Jackson 2010, 137-139) 

Ranking and Contemplation 

The results should make sense. In some cases concepts can be combined and improved. High quality 

concepts are then selected for further refinement. Iterate to clarify if further investigation is needed 

or another round of concept screening. (Ulrich and Eppinger 2008, 137) 
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3.2.6  Architecture 

Before any design can be called defined, a thorough development of its functionality, durability, 

producibility, assembly, operation and cost should be carried out. It is an alternating and 

complementing process. The aspect of material selection should also be treated. It all covers the 

transition from concept to definitive layout. (Pahl et al. 2007) An overview in figure 3.3 

 

  

Concept 

Identify embodiment-determining requirements 

Produce scale drawings of spatial constraints 

Identify embodiment-determining main function carriers 

Develop preliminary layouts and form designs for the 

embodiment-determining main function carriers 

Select suitable preliminary layouts 

Develop preliminary layouts and form designs for the remaining 

main function carriers 

Search for solutions to auxiliary functions 

Develop detailed layouts and form designs for the main function 

carriers ensuring compability with the auxiliary function carriers 

Develop detailed layouts and form designs for the auxiliary 

function carriers and complete the overall layouts 

Evaluate against technical and economic criteria 

Preliminary layout 

Optimize and complete form designs 

Check for errors and disturbing factors 

Prepare preliminary parts list and production documents 

Definitive layout 
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Creation 

Evaluation 

Evaluation 

Decision 

Figure 3.3 – Steps of embodiment design (Pahl et al. 2007, 229) 
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Steps 

Pahl et al. (2007, 228-232) presents a general approach to draw up a strict plan for the embodiment 

design phase to complement figure 3.3. This will later be used to define boundaries in the CAD 

process.  

 As a first step requirements with crucial bearing are identified. This included for example 

size, arrangement and material which usually are affected by other aspects such as 

production and assembly.   

 Identification of spatial constraints, 

 Production of a rough layout determining main function carriers,  

 Development of preliminary scale layouts and form designs, 

 Selection of a suitable preliminary layouts, 

 Development of preliminary scale layouts and form designs for the remaining main function 

carriers, 

 Determination of needed auxiliary functions, 

 Development of detailed layouts and form designs for the main functions carriers with for 

example standards and regulations in mind, 

 Development of detailed layouts and form designs for the auxiliary function carriers, 

 Evaluation phase of technical and economic criteria, 

 Establish the overall layout, 

 Optimization phase to example eliminate weak spots, 

 Check the design for errors and unwanted factors, 

 Conclusion of the design and preparation of documents, 

 Establishment of a definitive layout, 

 Reflection and Iteration. 
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3.3 Design for Manufacturing and Assembly 
This chapter is quite extensive to in a theoretical way explain the train of thoughts used in the CAD 

process and to lay as a foundation for further development of the product.  

3.3.1 Design for Manufacture and Assembly 

Manufacture stands for manufacture of individual component parts of a product or assembly, 

Assembly refers to the joining of parts to form a complete product. DFMA is a combination of the 

two terms DFM and DFA, the design for the ease of Manufacture/Assembly. (Boothroyd et al. 2011) 

It is used for three main activities (Boothroyd et al. 2011, 1) 

 As the basis for concurrent engineering studies to provide guidance to the design team in 

simplifying the product structure to reduce manufacturing and assembly costs, and to 

quantify the improvements. 

 As a benchmarking tool to study competitors’ products and quantify manufacturing and 

assembly difficulties. 

 As a should-cost tool to help control and to help negotiate suppliers contracts. 

Figure 3.4 is a summarization of the common steps taken using DFMA during design.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design Concept 

 

Design for assembly  

(DFA) 

 

Selection of materials and 

processes and early DFM 

cost estimates 

 

Best design concept 

 

Design for manufacture 

(DFM) 

 

Prototype 

 

Production 

 

Suggestions for 

simplification of product 

structure 

 
Suggestions for more 

economic materials and 

processes 

 

Detail design for minimum 

manufacturing costs 

 

Figure 3.4 – Typical steps taken in a DFMA study using the DFMA software (Boothroyd et al. 2011, 14) 
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The DFA analysis is made to provide a simplification of the product structure.  Applying DFMA during 

product design will encourage dialogue between designers and the manufacturing engineers which 

can result in a more reliable product that also is less expensive to assemble.  (Boothroyd et al. 2011) 

 

3.3.2 Design for Assembly 

Designing for easy assembly consists of two operations, handling and insertion. Whether it is a 

manual or automatic process doesn’t matter. The two factors affecting a products assembly cost are 

 The number of parts contained in the assembly (transported, oriented, and prepositioned.) 

 The ease with which the parts can be handled and inserted (placed, fastened, etc.) 

(Poli 2001, 253) 

It is somewhat obvious that a product with fewer component parts will cost less to assemble. This 

could for example be solved by using snap fits instead of screws or washers or by combining several 

components into a single part. It is suggested to keep the variety of nonremovable parts to a 

minimum and try to find multiuse features.  

When the number of component parts has been reduced to a minimum these need to be designed 

for easy handling and insertion. A part is considered easy to handle manually if 

 It is easy to grasp and manipulate with one hand without grasping tools. 

 It is both end-to-end symmetric as well as rotationally symmetric. 

 Its size and thickness are such that grasping tools or optical magnifications are not required. 

(Poli 2001, 255) 

Parts that for example are coated with grease, sharp, fragile or that nest of tangle should be avoided 

when possible. End-to-end symmetric parts such as washers takes less time to assemble than for 

example a screw that needs to be oriented before it can be inserted. A part that also needs to be 

oriented about the axis of insertion such as a house key takes even longer. (Poli, 2001) 

 

 

 

Figure 3.5 – Examples of rotational symmetry (Poli 2001, 258) 
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Figure 3.6 – Examples of end-to-end symmetry (Poli 2001, 258) 

 

 

As a general rule of thumb, if part cannot be made symmetrical, avoid making it almost symmetrical, 

instead accentuate its asymmetry. The two figures 3.5 and 3.6 show examples of different 

symmetries.  

Parts can be handled automatically with ease if they can be 

 Easily fed (e.g., in a bowl feeder) 

 Easily oriented 

(Poli 2001, 258) 

In general, parts that are difficult to work with manually are also difficult automatically.  

Parts that are easy to align and insert will reduce insertion cost. This can be solved by the use of well-

designed chamfers or recesses. (Figure 3.7) 

 

 

 

 

 

 

 

  

Figure 3.7 – Redesign to facilitate alignment (Poli 2001, 259) 
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Additional examples of reductions of insertions costs could be to avoid obstruction of the access to, 

and the view of an assembly insertion (figure 3.8) avoiding using small clearances to ease insertions 

or adding a recess to self-locate and align holes. (Figure 3.9). 

 

 

 

 

The following is a list of summarized DFA guidelines in order to facilitate the handling and insertion 

to reduce costs. The guidelines should be taken into consideration in the design of parts and 

products (Poli 2001, 263) 

1. Use a minimum number of parts for proper functioning of the product.  

2. Design parts so that they are easy to grasp and manipulate with one hand using no grasping 

tools 

3. If possible, try and design parts so that they are end-to-end rotationally symmetric or else 

asymmetric. 

4. Design parts so that they are easy to align and insert 

5. For manual assembly, do not obstruct vision or access 

6. For automatic assembly, enable insertion in a straight line from above 

  

Figure 3.8 – An example of obstructed view and access (Poli 2001, 260) 

Figure 3.9 – Example of redesign in order to make an insertion of the part self-locating (Poli 2001, 260) 
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3.3.3 Materials Selection 

The selection and ranking of materials and process combinations for manufacture is an integral part 

of DFM. It is important to keep an open mind in the consideration process and not conceive parts 

based on familiarity.  (Boothroyd et al. 2011) 

There are somewhat over 120000 different materials at disposal to engineers. To choose a suitable 

material from all of these requires a systematic procedure. Cost, environmental impacts, formability 

and functionality are just a few factors that should influence the evaluation process with the richness 

of material choice in mind. Using material and process attributes on selection charts will simplify and 

narrow down initial potential material candidates. (Ashby, 2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material selection is relevant on each stage of the design. At the concept-stage only approximate 

property-values are required but for the widest range of materials without the need for great 

precision. The problem lies in how to present all the breadth of data to give the designer the greatest 

freedom considering the alternatives. (Ashby, 2010) 

Function, Material, Shape, and Process  

The interaction (figure 3.11) between functions depends on the design itself. For example shape 

restricts the choice of material and process and so on. A sophisticated design limits the materials that 

can be used. 

 

 

Figure 3.10 – The Design Flow Chart (Ashby 2010, 17) 
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In the end it is not a material that is sought after, but a certain property that meets the needs of the 

design, a specific combination of attributes. Materials can be classified into the families of metals, 

polymers, elastomers, ceramics, glasses, and hybrids.  Each family has its own similarities.  

 Metals have relative high modulus of elasticity and ductility, good conductivity but the least 

resistance to corrosion. 

 Ceramics are stiff, hard, abrasive and corrosion resistant but are brittle. 

 Glasses are like ceramics hard, brittle and vulnerable to stress concentrations. 

 Polymers are easy to shape, require no finishing operations, cheap and corrosion resistant 

but has a low moduli and creep easily at different temperatures. 

 Elastomers have enormous elastic extension potential but it is generally hard to characterize 

its properties. Specialized attributes are needed for representation. 

 Hybrids are a combination of attractive properties of two or more materials in a pre-

determined configuration such as fiber-reinforced composites but are generally expensive. 

(Ashby 2010, 28-30) 

In design however you want to look past the constraints of family. It is easy to think of a material of 

having a set of attributes and the name of it as an identifier. The attributes are standard: density, 

modulus, strength, toughness, thermal and electrical conductivities, and so on. It is almost always the 

case that it is a combination of properties that is sought after, a stiffness-to-weight ratio for example. 

Attributes can usefully be plotted against each other (figure 3.12 and 3.13) to show the range of any 

given accessible property. The applications of these charts are many, but are primarily used to form a 

basis for the procedure of materials selection. (Ashby, 2010) 

Figure 3.11 – The central problem of materials selection in mechanical design (Ashby 2010, 19) 
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Figure 3.12 – The idea of a materials property chart (Ashby 2010, 48) 

Figure 3.13 – Young’s modulus, E, plotted against density, ƿ (Ashby 2010, 51) 
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The Basics of Material Selection  

With these charts and the wide variety of materials in mind, the following tasks can now be 

practiced; 

1. Identify the desired attribute profile and then 

2. Compare it with those of real engineering materials to find the best match. 

(Ashby 2010, 80) 

A material that cannot meet the constraints that the design requirements impose is disregarded in a 

screening-out process. The next step is to rank the candidates by their ability to maximize 

performance. The criteria are derived from the design requirements for a component by an analysis 

of function, constraints, objectives, and free variables. These are then plotted in property charts 

shown on the last page to isolate the subset of materials best suited for the design. There are a few 

software tools that provide aid in the selection.  

In the kingdom of materials shown in figure 3.14, everything is arranged in a hierarchy. The attributes 

includes areas such as environmental consequences, availability and cost. It is called a property-

profile and the selection involves seeking the best match and that required by the design.  (Ashby, 

2010) 

 

 

 

 

 

 

 

Figure 3.124 – The taxonomy of the kingdom of materials and their attributes (Ashby 2010, 81) 
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The four main steps are called, translation, screening, ranking and supporting information (figure 

3.15) and are here explained more thoroughly. 

 

 

 

 

 

 

 

 

 

 

 

 

In the translation process poses the question “How are the design requirements for a component 

(defining what it must do) translated into a prescription for a material?” An engineering component 

usually has more than one function such as supporting a load, transmit heat and so on.   Here the 

constraint of the design is taken into consideration. The template for the translation process also 

consists of objective, which could be to make it as light as possible, and free variables that consists of 

problem-parameters free to change to fulfill and define the boundary conditions.  

The screening process requires material impartiality until shown otherwise.  The first step is to 

eliminate candidates whose attributes lies outside the limits set by the constraints. An example of 

this could be that a component must function in boiling water, such attributes is referred to as 

attribute limits. 

The remaining candidates must then be ordered by how well they can do the job. This is called 

ranking of material indices. If limited by let’s say buoyancy, low density materials would end up on 

the top. 

It might be the case that the top material from the ranking has some bad secrets. This step is about 

profiling those top materials. It is a descriptive case study of previous uses of the material, details of 

its corrosion behavior and other attributes from figure 3.15. 

There is a last “extra” step called local conditions which offers the option of choice on in-house 

experience or equipment, availability and so on. It is important to know which material that is the 

best, even if the decision is not to use it. (Ashby, 2010) 

Figure 3.15 – The strategy for materials selection (Ashby 2010, 82) 
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This is further put under the microscope by Tambouratzis et al. (2014) and their study of 

computational intelligence-based identification which shed some light on some of the different 

methods available to optimize material selection in sustainable product design. 

 

3.3.4 Validate the Design 

Validate the Design is a process of ensuring that the products requirements are being satisfied. It is 

called verification and validation where verification stands for “build the product right” and 

validation “build the product the customer needs”. You will have to verify the requirements by 

conducting design reviews and develop test plans 

A design review is one of the most valuable techniques available in order to validate a design. There 

are two basic types. The first is called a customer design review where you present the proposed 

product or service to customer representatives. Its purpose is to ensure that the product being built 

will meet the needs of the customer.  

The second is called internal design review which is a presentation for subject matter experts within 

the design organization.  A subject matter expert is a person not directly associated with the project 

but who has knowledge relevant to it. The reviews purpose is to make sure that the product can be 

built, meet the standard of the design organization and lives up to the mission statement of the 

owner. (Jackson 2010, 213-217) 

 

3.3.5 Safety Standard 

The medical gas systems are regulated by standards which can be read in Standards Sweden (2014), 

Safety norms for medical gas systems in its full extent.  It comprises of recommendations for 

functionality, installation, performance, documentation and safety inspection of medical gas systems 

(SS-EN ISO 7361-1) and exhaust systems for anesthesia gas surplus (SS-EN ISO 7396-2) with the 

purpose to ensure the patient and staff safety.  

Standard regulations regarding the design of the pressure watch 

1. System parts – two tube connection and a socket unit for backup gas 

2. The material must be resistant to corrosion, compatible with all occurring gases at 

current pressures and high purity 

3. Emergency valves should be of the type fast shut-off with a ninety degree turn valve 

4. Emergency valves must be logically placed and function labeled with a distinct symbol 

5. Emergency valves must be well-signposted in a sealed, easy to open box provided with a 

translucent hatch to make the valves visible and to show in what state it is from an 

ocular observation.  

6. The safety valves should be placed in the same order as the gas sockets 

-breathing oxygen 

-nitrous oxide 

-breathing air 

-instrument air 

-medical dioxide 



 

25 
Andreas Johansson 

7. Emergency valves for breathing oxygen and nitrous oxide integrated in walls must be 

formed so that leaky gases are ventilated out into the room and not accumulated in the 

wall. 

8. Tubes must be separated by at least 50 mm. 

9. Pressure transmitters with an analog signal (4-20mA or 0-10V) must be connected to a 

reading device, where pressure- and alarm limits can be read 

10. Pressure watches must consist of shut-off valves and sockets for reserve gases. 

11. Pressure watches must consist of a function for alarm signal for low/high pressure and 

possibility to be read. 

 

3.3.6 Nitrous Oxide Emissions 

Nitrous oxide N2O has an atmospheric lifetime potential of 114 years which is 298 times greater than 

of CO2 for a 100-year horizon. The atmospheric concentration has increased this due to many 

reasons.  The medical industry is just one of them, other common environmental polluters is due to 

nitrogen soil fertilization. (Philibert 2014)   

 

3.3.7 Selectivity of Brass Corrosion 

Brass is a copper-zinc alloy which is commonly used in valves and couplings due to its low cost, 

durability, machinability and intricate functionality. Dezincification is something that might occur 

when dealing with brass because zinc is a less noble metal than copper and can lead to galvanic 

corrosion in tube systems where copper tubes are commonly used. The less noble metal works as an 

anode and are subjected to corrosion while the more noble material works as a cathode, safe from 

corrosion. (Sarver and Edwards, 2011) (Nordic Brass, 2000) 
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4 Application 

4.1 Definition 
The definition of a pressure watch is typically ‘a passive monitoring system of the gas pressure that 

alarms if something is wrong’. The most common usage is readings and maintenance but when 

needed it also must be possible to shut off the gas flow by rotating valves. 

There are three different products that need to be distinguished; 

 Shut-off box - A simple box usually placed outside an emergency room with a “U” shaped 

tube and an attached shut-off valve 

 Pressure watch and Pressure Monitor – These are very similar, both has a gas circuit with 

valves, gauges, sockets and alarm, however in a Pressure Monitor the nitrous oxide mixture 

is usually made in the cabinet, whereas in a pressure watch it is usually done somewhere 

else. A pressure watch must have sealing and enable ocular observation. It usually comes 

down to prospective placement of the product to determine which product you need. 

 

Current Products 

In Figure 4.1 the current model of GCEs Pressure Watch can be seen. It is more or less a rectangular 

box with a hatch, valves, gauges and quick couplings. The alarm is placed somewhere adjacent.   (GCE 

Group, 2015) 

 

 

  

Figure 4.1 – Pressure Watch DN20 (GCE Group 2015) 
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Figure 4.2 shows the current pressure monitor in use. The circular part marked with an arrow in the 

bottom is the nitrous oxide mixture unit which will require additional spacing if used. The alarm is 

integrated and central. The one in the pictures will however be phased out and replaced by a new 

one shortly.  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Tied to the product the following roles were determined, 

 The owner, manufacturer and developer 

 The customer, HVAC-personnel (Heat, Ventilating, Air Conditioning) 

A consult gives recommendations and outsources the purchase of the system to a HVAC company 

who also does the installation. 

 The user, Hospital staff (e.g. readings), Service Technicians (maintenance) and in emergencies 

Nurses (“first response unit”) 

Mission Statement 

The mission is to develop 3 concepts of pressure watches that with respect to existing standards will 

give GCE ideas, comparison and inspiration for future designs. 

  

Figure 4.2 – Pressure Monitor (GCE Group 2015) 
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4.2 Identifying Customer Needs 
 

This redesign process is made to build up an understanding of how the products are used so that the 

new designs do not compromise the intended functionality. The process will “slide” over from the 

common functional requirements to subjective assessments. 

The raw data have been collected by both observing installed and displayed products and through 

interviews with designers, nurses, salesmen, service technicians and analysts. These were chosen 

based on availability. A few of the comments collected in table 4.1 is derived from the standard. The 

subjects’ interviewed are by request anonymous. 

The table 4.1 covers step 1-3 in the identification process. The guidelines from table 3.1 are also 

applied. 

Step 1-3 - Identification Process list (3.2.2) 
1. Gather raw data from customers  

2. Interpret the raw data in terms of customer needs  

3. Organize the needs into a hierarchy of primary, secondary, and (if necessary) tertiary needs.  
 

Table 4.1 – Needs of the Pressure Watch 

Needs Pressure Watch Organized Need Statements 

Clean from unnecessary electronics The Pressure watch is safe and operational 

Follows the standard 

Has sealing 

Is easy to clean The Pressure watch is easy to maintain 

Consists of modules 

Contains measure points 

Is easy to maintain and repair 

Have valve to close circuit between pressure 
watch and shut of box 

Has a plain and smooth surface 

Have fixed measurement point 

Adaptable between studs of interior walls The Pressure watch is easy to install 

Is east to install 

Option to choose number of slots used 

Have the option to choose internal/external 
installation 

Understandable for unaccustomed users The Pressure watch is easy to understand and 
shut off 

Is compact The Pressure watch is appealing 

Is robust 

Enables central monitoring 

Adapted to new alarm 

Aligned with GCE range 

Enable up to four gas types 
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Step 4 - Identification Process 

4. Establish the relative importance of the needs  

The organized need statements works as an addition to the standard regulations which are not 

optional. It covers most of how the product must function and operate; the needs in this case are 

conveniences to different user types. Each need is given a relative importance (table 4.2) which is the 

fourth step in the identification process. 

Table 4.2 – Relative Importance of Primary Needs 

Primary Needs Importance 

The Pressure watch is safe and operational 5 

The Pressure watch is easy to maintain 4 

The Pressure watch is easy to install 3 

The Pressure watch is easy to understand 5 

The Pressure watch is an appealing 4 

 

Step 5 – Identification Process list (3.2.2) 

5. Reflect on the results and the process  

Compared to a toy, a pressure watch must never break or it could lead to severe consequences. 

Primary needs such as safety and functionality is connected to this aspect. Another critical aspect 

would be when an emergency actually arises and the system needs to be shut off. A system like this 

is rarely used by the group who is supposed to shut it off. It must therefore be designed so that there 

is no doubts on how to use it. Secondarily needs would be the conveniences for the groups who 

installs and maintains the products. 
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4.3 Specification 

4.3.1 Primary Use Cases 

Even though they are few, the use cases are needed to define the functional requirements. They are 

all considered to have high priority. (Table 4.3) 

Table 4.3 – Priority of Use Cases 

Use Case ID Use Cases Priority 

1 User shuts off gas supply H 

2 Service technician maintains the system H 

3 Technician tests gas pressure H 

4 Technician test alarm  H 

5 Technicians rerouting gas inlet H 

  

The following are examples of a primary use case can be seen (table 4.4) and a secondary use case 

(table 4.6). The use cases can be found in its entirety in Appendix E. Tables (9.1-9.7).  

Table 4.4 – Example of a Use Case 1 

Use Case ID 1, User shuts off gas supply 

Initial Conditions 

System needs to be shut off (emergency) 

  

User (Nurse/Technician) System (Pressure watch) 

 The gas pressure alarm goes off 

The user hears the alarm  

The user opens the hatch door  

The user reach for the shutoff valves  

The user turn the valves ninety degrees  

Ending Condition 

The gas supply is now off 

Notes 
 

4.3.2 Secondary Use Cases 

Secondary use cases cover how the system can be abused or fail (table 4.6). They also have high 

priority (table 4.5). 

Table 4.5 – Priority of Secondary Use Cases 

Secondary 
Use Case ID 

Secondary Use Cases Priority 

1 Secondary inlet fails H 

2 Unauthorized shut off H 
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Table 4.6 – Example of Secondary Use Case 1 

Secondary Use Case ID 1, Secondary inlet fails 

Initial Conditions 

Gas inlet problem still occurs after rerouting 

  

User (Technician) System (Pressure watch) 

 Alarm still sounds after rerouting to secondary 
inlet 

Technician shuts off secondary inlet  

 Main and Secondary inlet flow off 

Technician connects backup gas to outlet  

 Gas inlet source from backup tubes (“bombs”) 

Technician resets alarm  

Ending Condition 

System in backup state (critical) 

Notes 

People responsible for the gas supply must be notified as soon as possible 

 

 

 

4.3.3 Functional requirements 

Derived from the use cases are function requirements (table 4.7). This is the set of statements that 

lists what the system or product is expected to do. 

Table 4.7 – Functional Requirements for Primary and Secondary Use Cases 

Functional Requirements for Use Cases 

Primary 

The system shall be easy to shut off in case of emergency 

The system shall be easy to maintain 

The system shall be easy to take gas pressures on 

The system shall be easy to test alarm on 

The system shall have more than one inlet option 

Secondary 

The system shall have a backup inlet incase the main and secondary fails 

The system shall warn in case of unauthorized shut-offs 

4.3.4 List Metric 

The following tables 4.8-4.10 are a customization of Ulrich & Eppinger (2008, 77) needs-metrics 

matrix which later will be used to transfer subjective assessments instead of technical requirements 

into benchmarking, the prementioned “slide” from chapter 4.2 intro. 

Step 1 - Target Specification list (3.2.3) 

1. Prepare the list of metrics 

The categories will also go through assessments (table 4.10), weighting (table 4.11) and be computed 

in a priority list (table 4.12). 
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Functional requirements translated into need statements (table 4.13) 

 Table 4.8 - Function-Need 

 

 

 

The categorization of the need statements and unit determination (table 4.14) 

 Table 4.9 – Function-Need Unit 

 

 

Subjective assessment of product rating (table 4.15) 

Table 4.10 – Assessment of Product Rating 

Index Category GCE PW DN20 Assessment 

1 Visibility 5 Ocular observation possible for gauges and valves 

2 Maintainability 3 A user shielding metal plate need to be removed with 
poor fitting 

3 Measurability 4 Alarm is placement dependent 
Easy access to sockets 

4 Alarm quality 2 Old, new is in development, only acoustic 

5 Design 3 Not very appealing 

 

  

Index Function-Need 

1 The system shall be easy to understand and shut off in case of emergency 

2 The system shall be easy to maintain without abruption of the gas flow. 

3 The system shall be easy to take gas pressure tests on 

4 The system shall be easy to test the alarm on 

5 The Pressure watch is an appealing 

Index Independent Level-Variable Need IDs Unit 

1 Visibility (of emergency shutoff valves and gauges) 1 Subject. 

2 Maintainability 2 Subject. 

3 Measurability 3 Subject. 

4 Alarm quality 4 Subject. 

5 Design 5 Subject. 
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The categories are then weighted (table 4.16) and be presented in a priority list (table 4.17). These 

will be used later on in the analysis of concepts. 

Table 4.11 – Weight of Categories 

1 Visibility – The 
product is easy to 
shut off in case of 
emergency 

Maintainability 
– The system is 
easy to maintain 

Measurability – 
The system is 
easy to read 

Alarm Quality 
– The alarm is 
functioning 
and versatile 

Design – The 
system has an 
appealing design 
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 0.4 0.6         

3   0.7 0.3       

4     0.3 0.7     

5       0.4 0.6   

6         0.5 0.5 

Formula 0.3 * 
0.4 

0.3 * 0.6 0.1 * 
0.7 

0.1 * 
0.3 

0.15 
* 0.3 

0.15 * 
0.7 

0.25 
* 0.4 

0.25 * 
0.6 

0.2 * 0.5 0.2 * 
0.5 

Result 0.12 0.18 0.07 0.03 0.04
5 

0.105 0.1 0.15 0.1 0.1 

 

 

Table 4.12 – Relative Priority List of Subcategories 

Category Relative 
Priority 

Rank 

Make the product easy to shut off by careful placement of gauges and valves 0.18 1 

Make the product support distinct alarm (visible, acoustic) 0.15 2 

Make the product ocular observable 0.12 3 

Make the product sockets easily accessible 0.105 4 

Make the product alarm versatile (logs, easy to read) 0.1 5 

Make the product appealing function wise 0.1 5 

Make the product appealing by its exterior 0.1 5 

Make the product easy to maintain 0.07 6 

Make the product support central operation 0.045 7 

Make the product modular 0.03 8 

Total 1.0  
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4.3.5 Benchmarking 

Step 2 – Target Specification list (3.2.3) 

2. Collect competitive benchmarking information, and then process it in the House of Quality  

ASPIRA 

There are several manufacturers on the medical gas equipment market. One whose products could 

be observed at Växjö hospital is the company Aspira. Their latest pressure watch is called Trealmatic 

Plus, a group regulator for three gases. It included guidance controller for the nitrous oxide mixture, 

signal manometers or pressure transmitters for the alarm and when using a backup gas supply. The 

width for flush mounting is 525 mm which fits the studs distance of interior walls, which is around 

600 mm minus the studs width of 45 mm. Alarm comes as an accessory. Tube dimensioning is 22 mm 

(DN 20) for breathing oxygen and breathing air, and 15 mm (DN15) for nitrous oxide. It supports the 

new generation of alarms for 4-20mA pressure transmitters. No information regarding central 

monitoring. The assessments can be read in table 4.13. (Aspira, 2014) 

 

Table 4.13 – Trealmatic Plus Rating and Assessment 

Index Category Trealmatic Plus Assessment 

1 Visibility 3 Might support ocular observation 
Too much stuff visible 

2 Maintainability 3 Easy access to guidance controller 
Looks modular 
Only bypass gas bridge for nitrous oxide 

3 Measurability 2 Alarm looks old, no examples of placement found 
Easy access to sockets 
No information on central operation 

4 Alarm quality 1 Looks old, only acoustic 

5 Design 2 Supports new version of pressure transmitters 
Not very appealing 

  

Figure 4.3 – Trealmatic Plus (Aspira, 2014) 
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GREGGERSEN 

Another competitor is the Ventus system developed by Greggersen. It is a product family with 

different features where the Ventus glass product is chosen as representative. They have put a lot of 

effort into design and have a very clean interior. It is however designed with a fundamentally 

German standard (DIN EN ISO 7396-1) in mind. Their approach is very flashy design choices such as 

milky glass, shifting color lights, digital displays and network capabilities and yet tries to maintain 

functionality. The width flush mounted is around 370 mm and also fits the rule distance. It supports 

central operating and 4-20 mA/24V DC pressure transmitters. Assessment can e read in table 4.14. 

(Greggersen, 2015) 

 

Table 4.14 – Ventus Glass Rating and Assessment 

Index Category Ventus Glass Assessment 

1 Visibility 3 Ocular observation might be possible 

2 Maintainability 2 No bypass gas bridges 
Placement of guidance controller? 

3 Measurability 3 Digital displays and semi easy access sockets 
 

4 Alarm quality 4 Both visible and acoustic alarm 

5 Design 4 Clean interior, gas struts option, push-to-open 
seal 

 

Figure 4.4 – Ventus Glass (Greggersen, 2015) 
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AGA 

Then there is AGA, whose pressure-watch CCB Monitor offers monitoring for two to four gases. The 

two to three version will used in the benchmarking and has a width of 315 mm flush mounted. The 

tube dimensioning is DN20. It seems to have two hatches, one for monitoring and emergency shut 

off, and another for maintenance with a seal. It is fit with a Medican alarm which can provide easy 

access to consumption data and can be connected to a central operating system. Assessment can be 

read in table 4.15. (AGA, 2014) 

 

 

Table 4.15 – CCB Monitor Rating and Assessment 

Index Category CCB Monitor Assessment 

1 Visibility 3 No ocular observation of gauges and valves 
Special hatch door for gauges and valves 

2 Maintainability 3 Sealed door, lots of space 

3 Measurability 4 Event log, supports a lot of different connections 
for central operating, easy socket access 

4 Alarm quality 3 Only acoustic, event log, unable to be seen with 
hatch open 

5 Design 3 Not very appealing, large height dimension 
Push-to-open seal 

 

Figure 4.5 – CCB Monitor (AGA, 2014) 
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The subjective values from the benchmarking tables are imported into a radar chart for visible 

presentation. As can be seen, Ventus Glass from Greggersen has shown the best result. However, 

with the differences in standards and the fact that it is not a discernable pressure watch will make 

the CCB Monitor included in the house of quality process.  

 

4.3.6 The House of Quality 

Step 2-4 – Target Specification list (3.2.3) 

2. Collect competitive benchmarking information, and then process it in the House of Quality 

3. Set ideal and marginally acceptable target values  

4. Reflect on the results and the process  

The result of the communication process between design and engineering can be viewed in Appendix 

A. The engineering characteristics are sometimes not measureable but are of importance to the final 

design of the pressure watch. The ones that were found are 

 User group customized design 

 Opacity 

 Alarm sound 

 Alarm light 

 Pressure transmitters support 

 Tubes width support 

 Modular support 

 Number of sockets 

  

0

1

2

3

4

5
Visibility

Maintainability

MeasureabilityAlarm Quality

Design
Trealmatic Plus

Ventus Glass

CCB Monitor

Figure 4.6 – Radar Chart of Benchmarking Ratings 
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Life cycle implication of modular architecture in closed-loop supply chains is something that 

Chung et al. (2014) shed some interesting light on. A great deal of costs and environmental 

impacts are determined during the product design stage which in preliminary results has shown 

have significant improvement of such impacts using modules. Relative effectiveness at GCE will 

be determined by processes available at production sites.  

 

4.4 Conceptual Design 

4.4.1 Clarify the problem 

Step 1 – Generate Product Concept list (3.2.4) 

1. Clarify the problem 

Typically a function diagram is used to describe functional decompositions. Here it is favorable to 

take the use cases and analyze them even further together with the engineering characteristics since 

the product itself has no traditional usage area; this is a box containing the intentional functions. This 

will be solved in a session of brainstorming which in the theory is called internal and external search. 

For example, the pressure watch will need a hatch door, but whether it will open outwards or 

upwards will require different solutions. Whether there are existing solutions or if they will require 

new concepts require different approaches.  

 

4.4.2 Concepts & Brainstorming 

Step 2-3 – Generate Product Concept list (3.2.4) 

2. Search externally  

3. Search internally  

Derived from all the tables and comparisons are different solutions that will be taken into 

consideration. While the box itself must be able to perform its crucial task, the design is supposed to 

elevate that into something more, for every user. In the brainstorming session, the following 

concepts were affected; 

 Level of opacity on glass, from opaque to transparent 

 If existing or not, modular design 

 Light and sound alarm or just sound 

 Hatch open function 

 Option of gas circuit breakers 

 Vaulted design 

 Type of sealing 

Step 4 – Generate Product Concept list (3.2.4) 

4. Explore systematically 

To present and chose from concept fragments, morphological charts will be used as visual 

representation. These can be found in Appendix F (Table 9.8 and Table 9.9). References can be found 

in the reference list. Combined Concept Fragments 
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Step 5 – Generate Product Concept list (3.2.4) 

5. Reflect on the solutions and the process  

 

The selections made in the concept combination table have resulted in three concepts. These will be 

called, the orange, purple and green concepts.  

 

The first concept will be the Orange 

 

 

 

The idea behind it is a modern look with a vaulted door to get around the normal rectangular shaped 

box. It should offer great visibility of valves, gauges and sockets with a fully transparent glass. 

Possible divided into a subsection with circuit breakers which is not necessarily needed which 

enables integration of the alarm. It is sealed with a string and opens outwards using hinges.  

  

Figure 4.7 – Orange Concept Sketch 
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The second concept is the Purple 

 

 

 

This concept has a partial frosted glass used to reflect a visual alarm targeting which circuit that has 

an error.  The placement of gauges and valves should be behind the transparent glass section.  It uses 

a push-to-open button with a sticker seal. 

  

Figure 4.8 – Purple Concept Sketch 
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The third and last concept is the Green 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This should probably be a fairly interesting one using modules sealed with O-rings for easy 

replacement. To prevent stopped gas flow a bypass circuit is used which will bypass alarms and 

sockets momentarily while replacing the module. The bypass tubes do not need to be ocular visible 

and will be visually impaired with a frosted glass. 

 

  

Figure 4.9 –Green Concept Sketch 
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4.4.3 Screening 

Step 1-3 - Analysis of Concepts list (3.2.5) 

1. Prepare the selection matrix 

2. Rate the concepts  

3. Rank the concepts 

The different concepts are compared with the existing pressure watch using the categories stated in 

table 4.9 to check the validity. The current pressure watch will be used as default reference (table 

4.16). 

 

Table 4.16 – Screening of Concepts 

Categories 
PW DN20 
Reference 

Orange Concept Purple Concept Green Concept 

Visibility 0 - 0 0 

Maintainability 0 + - + 

Measurability 0 0 0 0 

Alarm quality 0 + + 0 

Design 0 + + + 

Score Reference 2 1 2 

 

Step 6 – Analysis of Concepts list (3.2.5) 

6. Reflect on the results and the process.  

Orange 

The visibility is considered worse because the current pressure watch only shows the necessary 

parts. The subjective judgement of that plate shields are design-wise worse does not weight up the 

fact that it will have a positive impact. That is the only visibility difference. When it comes to 

maintainability the orange concept offers circuit breaker which will work in its favor. Measurability 

will be the same. Integration of the new alarm is positive. The design of the orange concept will be 

more appealing. 

Purple 

The neutral and negative rating regarding visibility respectively maintainability comes from the fact 

that the visual alarm will require additional parts, it will however work in its favor when it comes to 

the quality of the alarm with the visual helpfulness of lights showing which circuit that has an error. 

The feature itself is an appealing boost. 

Green 

The Green concept offers a visibility equally good with the current pressure watch with its modular 

design. It will also function as shielding of the interior which does not need to be seen in an 

emergency situation. The fact that it offers constant flow even whilst maintaining will work in its 

favor. Measurability and alarm will work the same. The design will be better. 
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4.4.4 Scoring 

Step 1 – Analysis of Concepts list (3.2.5) 

1. Prepare the selection matrix 

The screening is followed by scoring, a measurement of a concepts relative performance to the 

reference. The rating table 4.17 looks as follows 

 

Table 4.17 – Rating Scheme Relative to Reference Concept (Jackson 2010, 137) 

Relative Performance Rating 

Much worse than reference concept 1 

Worse than reference concept 2 

Same as reference concept 3 

Better than reference concept 4 

Much better than reference concept 5 

 

Step 2 – Analysis of Concepts list (3.2.5) 

2. Rate the concepts 

The rating is applied to each concept and their attributes (table 4.18) 

Table 4.18 – Rating of Concepts 

Category Attributes 
PW DN20 
Reference 

Orange Purple Green 

Visibility 3 2 3 3 

Maintainability 3 4 2 5 

Measurability 3 3 3 3 

Alarm quality 3 4 5 3 

Design 3 5 4 4 

 

Then each category attribute is given a weight, and will in this case be the weighting derived from 

table 4.11 

 

Table 4.19 – Weighting of Categories 

Category Attributes Weight 

Visibility 0.30 

Maintainability 0.10 

Measurability 0.15 

Alarm quality 0.25 

Design 0.20 
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The weights and the ratings are then multiplied which will result in a factor to determine which 

concept is to be considers interesting in further development. However, considering the project goal 

it will only be used to determine if it is better than the reference or not. (Table 4.20). 

Step 3 – Analysis of Concepts list (3.2.5) 

3. Rank the Concepts 

Table 4.20 – Scoring and Ranking of Concepts 

Category  
Attribute 

Weights 
PW DN20 
Reference 

Orange Purple Green 

  

Rating 
Weighted 

Score 
Rating 

Weighted 
Score 

Rating 
Weighted 

Score 
Rating 

Weighted 
Score 

Visibility 0.30 3 0.9 2 0.6 3 0.9 3 0.9 

Maintainability 0.10 3 0.3 4 0.4 2 0.2 5 0.5 

Measurability 0.15 3 0.45 3 0.45 3 0.45 3 0.45 

Alarm quality 0.25 3 0.75 4 1 5 1.25 3 0.75 

Design 0.20 3 0.6 5 1 4 0.8 4 0.8 

Total   3  3.45  3.6  3.4 

Rank   4  2  1  3 

 

Step 6 – Analysis of Concepts list (3.2.5) 

6. Reflect on the results and the process 

Every concept outscores the reference and has passed the screening and scoring. For a more 

accurate total score, more people would have to influence the actual weighting of category 

attributes.  
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4.5 Architecture 
Elements of an embodiment design process presented by Pahl et al. (2007, 229) is used to define 

boundaries in the CAD process.  

Steps list (3.2.6) 

 A crucial bearing is the width between wall studs which is by standard 600 mm minus the 

width of the stud itself which is usually 45 mm which will result in a total of 555 mm.  

The measurements of the tube-system is taken from both the standard which for example 

says that tubes must be separated by at least 50 mm, and the existing leaflets presented by 

GCE Group (2015), (figure 4.10). 

 The material must be resistant to corrosion, compatible with all occurring gases at current 

pressures and high purity. Y-axis limitations are vague but a minimal measurement is used 

with the largest tubes since it is easier to downgrade size. 

 Spatial constraints would be the placement of inlet tubes on the top and bottom side 

 With the width limitation in mind and the size of the already existing components, the 

redesign will be built around them. 

 In one case room must be made for gas dampers, another for the visual alarm 

 Other measurements not available will be given a value modified by the scale of the leaflet 

design. 

 Figure 4.10 – Measurements of Pressure Watch DN20 (GCE Group, 2015) 
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4.6 DFMA 
 

The design for manufacturing and assembly theory will influence the CAD process and the selection 

of material process in extent as far as a concept phase suggests. This means designing with assembly 

in mind. By applying the DFA guidelines and comparing with the current design it will result in a short 

analysis on how the new design relate with the old one. The guidelines read as follows (Poli 2001, 

263) 

 
1. Use a minimum number of parts for proper functioning of the product.  

2. Design parts so that they are easy to grasp and manipulate with one hand using no grasping 
tools  

3. If possible, try and design parts so that they are end-to-end rotationally symmetric or else 
asymmetric.  

4. Design parts so that they are easy to align and insert  

5. For manual assembly, do not obstruct vision or access  

6. For automatic assembly, enable insertion in a straight line from above  

 

4.6.1 Applying Guidelines to Concepts Analysis 

 

 

General 

As basis for each concept the current product will be 

used but the plate shield and the current design of valves 

will be excluded. It is subjectively superfluous. 

The white background with the blue arrow-lines is called 

the plate shield. It is used to hide tubes and cables and 

only show what is necessary.  

 

  

Orange 

 Will use an extra box above the basic one with room for an alarm and circuit breakers. 

 The Plexiglas itself is asymmetric due to the drill holes required, the mounts for the glass will 

be used for both top and bottom side which gives it a no end-to-end symmetry. Both will be 

vaulted but symmetric in that sense that they can be rotated 180 degrees before modified. 

  

Figure 4.11 – Plate shield of Pressure Watch DN20 (GCE Group, 2015) 
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Purple 

 Will use lights to projectile the visible alarm 

 The glass needs to be frosted in that sense so that the visual alarm can be seen and if 

possible make it end-to-end symmetric. 

 Is using a push-to-open button which will probably make the hatch no end-to-end 

symmetric. 

Green 

 Is instead of a plate shield it is using modules which will require additional parts such as the 

O-ring packing and a bypass valve system. 

 If possible make the module symmetric 

General 

For all of the designs, it is important to make sure that incase of leakage that no gas can accumulate 

inside the wall. All tubes will be fitted with gaiters on top. The hatch door shall not to be leak proof 

and will work as a channel of the gas into the room in case of leakage. 

4.6.2 Selection of Materials 

 

With a conceptual design a list of all materials with low precision and detail should be attached. It is 

however not possible for this project. One of the most commonly used softwares available for 

purchase is called CES Selector developed by Granta design, founded by Professor Mike Ashby and 

would be needed to sort through the thousands of materials available but the request of a demo was 

never answered in time. CES Selector is a tool for material selection that combines properties of 

materials, engineering, economy and environment.  

With the medical gas supply standard at hand, the for example corrosive requirements could be 

specified in the translation part of the material selection process. It would later on be used in the 

screening process to eliminate all materials that cannot do the job followed by ranking and the 

search for supporting information.  

It could also be used later on to sort out which materials that can handle the certain load that will be 

subject parts or system. 

As recommendation, the local conditions part of the material selection process will apply until access 

has been given for Material Selector tools. That is the same type of metal and Plexiglas used today. 

The metals of the tube system should also be kept in the same way where the interchangeable parts 

can work as a cathode while still being corrosion resistant. 
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5 Results and Analysis 
 

A pressure watch is a system in which different gases flows through in tubes. The pressure is being 

monitored and if irregularities occur, an alarm should sound. By reading the alarm and removing a 

seal to break open, a valve should be turned to quickly turn of the gas flow. 

In the project specification from GCE Group they requested up to three conceptual designs of 

pressure watches and/or shut off valve boxes, the latter being a simplified version of the first. The 

current products which are in use have an old design and referred to a product life cycle and the 

according to the company itself something new had to be made. To be able to produce the concepts, 

knowledge on how the products work had to be collected. This was done through interviews with 

people that in some way come in contact with the product, visits to a hospital to see the products 

installed and by studying description leaflets.  

While design in the end is a subjective matter and usually is about finding a solution to a problem, it 

had to go through a process, different design processes were combined and with an abductive 

methodology in mind.  

The medical gas supply industry is regulated by safety standards, a set of recommendation which 

works as product requirements. With these in mind and the gained knowledge of how the products 

are used could the use case scenarios be determined. 

By later benchmarking competitors and comparing products, a set of what should be included and if 

so how many was conducted. By combining elements and concept fragments a few ideas grew.  

The produced concepts are included in appendix B as larger pictures. Pressure gauge (Suku 2010) is 

used as a texture for the concept sketches. 
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The current pressure watch shown in figure 5.1 is a rectangular box with transparent glass using 2 

colors, white and blue. It uses string sealing and has a plate shield. The tubes are made of copper and 

the gauge and valve units are made of brass. All pressure watches supports flush mounting, which 

means that they all are narrower than 555 mm and fits between wall studs. Only the orange concept 

is represented with this feature. It is also the only concept with an integrated display, in the other 

cases the display would have to be mounted on the wall in the vicinity of the box. A future solution 

would be to extend height of the box but decisions were made to make the box as compact as 

possible. As stated in step 4 of the Analysis of Concepts list (3.2.5) concepts can also be combined. 

 

Figure 5.1 GCE Pressure Watch DN20 (GCE Group, 2015) 
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The Orange concept shown in Figure 5.2 and Figure 5.3 derived from the fragment-combination of 

having a vaulted hatch door to avoid the common square shaped box. It is nothing new but I think 

that it should be reconsidered. Here a top box is included as an option to integrate the alarm into the 

pressure watch itself. It is recommended to have it locked since it also includes a circuit breaker for 

the circuit between the pressure watch and the shut-off valve box. It also prevents the alarm of being 

tampered with.  

 

 

Figure 5.2 - Orange Concept Overview 

 

Figure 5.3 - Orange Concept Interior View 
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The idea behind the Purple concept (Figure 5.4) was to include a visual alarm. But instead of lighting 

up the whole box, directed lights are pointed at a row of frosted glass to allow for some reflection. 

Now the CAD program itself did not allow a clearer frosted effect it is intended to be as frosty as the 

light would require, which of course would require further testing. It also features a push-to-open 

emergency button as an alternative to the common string sealing. It also uses a hinge to open. This 

concept features up to four different gas types, something that was discussed at the company on the 

day of CAD. The result will leave very little estimated horizontal space inside the box. 

 

 

Figure 5.4 – Purple Concept Overview 

  



 

52 
Andreas Johansson 

The Green concept shown in figure 5.5 and figure 5.6 is all about modules. Instead of using the plate 

shield used today, the modules are supposed to cover the same intended solution. The concept also 

includes a bypass system, which in case you want to remove or replace the modules would enable 

continued flow whilst maintaining. To hide the extra function a top box was also considered, but to 

try out different features and to avoid opaque material, a partially frosted glass was chosen. It opens 

with gas springs, and a push-to-open button, the texture of that seems to have gone missing in the 

rendering process. The concept would require that the current transmitter unit is modified to be able 

to fit. To avoid hinges for the modules, the front plate would be attached with a press over edge lock. 

 

Figure 5.5 – Green Concept Overview 

Figure 5.6 – Green Concept Interior View 
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6 Conclusions 
 

The medical gas supply industry is a complex business. The competitors have little room for flexibility 

due to all the regulations except for when it comes down to the design aspects. The original design of 

GCE’s pressure watch had definitely reached the end of its lifecycle in comparison with its 

competitors and therefore a new design would be beneficial. The redesign process showed potential 

for improvement in a few areas, especially the products appeal. The new concepts did not only 

outscore the reference in the Pugh analysis they also brought new features in terms of usage and 

esthetics which could lay as a foundation for future designs or design series with associated parts in 

mind. The resulting concepts took different directions but they could however be merged into one 

“superconcept” with the distinctive design choices such as modules and vaulted design combined 

into one. That results in both clear design choices with the option of merging for further 

improvement, all in alignment with the mission statement.  
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7 Discussion 
 

A few of the requested parameters specified by the company will need further development into the 

design process to be fulfilled. For example, the material which is not specified until you go into 

detailed design. The focus has been on the design of the shell around a product by benchmarking 

competitors’ products and how to outdo them with interesting design and possibly maintenance 

friendly features such as modules. 

Talking to one of the nurses at Växjö hospital, these systems have not been touched since the 

nineties, but they hold an annual knowledge review. Other than knowing what valve to turn and how 

to read the alarm, they did not really care for the rest; of course something pretty would be nice to 

have one person mentioned, but what system to buy and its requirements are determined by a 

consult who then outsources the purchase and the installation to a HVAC (Heat, Ventilating, Air 

Conditioning) company. Having a good relation as a product salesman with HVAC companies will 

probably make you sell more than having a good design; however this trust must be built out of 

something. Occasionally there are exhibitions in this business where the products are brought into 

showcases, just like a car show where a certain brand produces a nice looking concept car to make 

people gaze upon them. ‘What else can they do?’ - is a question that might arise and trigger interest 

and strength into a brand and bring it into exposure. It is there you will build a reputation I think. 

While collecting data for measurements and dimensions of the designs it turned out that some of it is 

not stored on site. For future development visits to the production facilities would therefore be 

needed, not just to coordinate this, but to further study what processes that are at disposal to be 

able to make a thorough DFMA analysis. There are also steps left to do regarding the designs if the 

company choses to proceed with the development. A combined/suitable concept must be chosen 

and go through the rest of the design process to check validity and prepare for a full embodiment 

design and execution. The selection of material should go through a material-selector-software a 

couple of rounds to create a list of suitable materials for this business.  

It is easy to think that this project could be done by skipping the design process and go on making 

sketches out of requested features, but it is important to not be too hasty. This is medical equipment 

which must not fail and a great deal of energy have been spent on trying to puzzle together pieces of 

all the accessed knowledge and to actually figure out what had to be done.   

There are a few other interesting aspects that with the abductive methodology in mind that could be 

integrated into future designs such as coupled design processes. If something is being redesigned, 

let’s say a certain part of the tube system, how will it affect the box for example and how can this be 

done without being forced to go through the otherwise linear processes which is used in this report? 

Wang and Magee (2012) talks about convergence in coupled design with overlaps. 

About the effects of nitrous oxide emissions mentioned in 3.1.6, even though the box itself must 

allow by passage of leaked gas, according to one of the nurses spoken to at Växjö hospital, the gas 

type is used less and less with emissions in mind in Swedish hospital environments. However, 

someone at GCE mentioned that it is possible for new types of gas to be used in the future. Should 

these have bad environmental impacts, maybe it would be a future idea to be able to accumulate 

gases, if the pressure watch turn out to be one of the villains. 
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The concepts made are subjective and have been successful in that sense that they have taken a step 

away from the imprinted standard of the company and hopefully will give GCE inspiration for future 

products.  
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Appendix A – House of Quality 
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     √       Medium positive 
     X       Medium Negative 
     XX    Strong Negative 
     ↑        Increase 
     ↓        Decrease 

Customer Perception 
1             2             3             4             5 

Direction of change  ↑ ↑ ↑ ↑ ↑ ↓ ↑ ↑ 

Understandable Product is easy to shut off 0.18 √√ √  √  √ √  
 

Perceivable Product alarm can be perceived 0.25  √ √√ √√ √    

Ocular Product interior is ocular 
observable 0.12 √ √√  √     

Measureable Product are easy to read 0.12    √    √√ 

Appealing Product is appealing  0.2 √ √ √√ √ √  √ √ 

Maintain Product is easy to maintain 0.13 X  X X √√ √ √√  

Objectives 
Measures 

Measurement Units √ Kv dB Lm # mm - #  
                    GCE PN DN15 
 
                    Greggersen Ventus Glass 
 
                    Aga CCB Monitor 

GCE PW DN20 - - √, ? - 2 22 - All 
Greggersen Ventus Glass - √,? √, ? √, ? 2 22 - All 
AGA CCB Monitor √,2 - √, ? - 3 22 - All 
         

Technical Difficulty (1 - Low, 5 – High) 3 3 1 2 3 2 4 2 
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Appendix B – Generated Concepts A3  
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Appendix C – Interview Template 

 

(Set of standard questions, people and answers are to remain anonymous) 

As you might know I'm designing a few concepts for pressure watches primarily and shut off valve boxes 
secondarily for my degree project. I'm at the stage where I need to collect "customer needs" for the design 
process and if you're available and got the time I'd like for you to participate 
 
If you prefer that I call you for an interview instead just let me know. 

I don't know your exact expertise in the area so just to clarify, ”customer needs” is 
comments/wishes/requirements about a product from different perspectives, (owner, customer, user). 

I would like for you to speak freely and avoid it being a survey with predetermined questions, but I'll still 
provide a few basic questions to get you started. If a certain question is impossible for you to answer, then 
just ignore it. 

The three different roles, owner, customer and user are distinguished as followed 
The owner of the system is the individual who sets design goals and authorized major design decisions 
The customer is the individual who approves purchase of the system and transfers it into use 
The user is the individual who actually uses the system for an approved purpose 

An individual can play several roles as the same time 

* Having studying the different boxes at a hospital this weekend and talking with the nurses, the systems 
seems really passive to me, so in order to help me define the roles of the products, how would you describe 
a person for each role 

* What role do you consider yourself to have? 
* What objectives according to you are the intended solutions expected to satisfy? 
* What properties must it have? 
* What properties must it not have? 

In addition, all comments/wishes/requirements about everything from functionality to design are welcome 

 
Thank you in advance 

If you have any questions, feel free to ask and yet again, if you prefer an interview by phone, let me know. 
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Define 

Measure 

Explore 

Optimize 

Develop 

Validate 

Execute 

Iterate 

Appendix D – Design Methods 

 

The figure 3.1 is an overview of Jackson (2010)’s 8 step process from the book “Getting design right”.  

 

 

Ulrich and Eppinger (2008) present a 6 phase process in their book “Product design and 

development” and can be seen in figure 3.2.  

 

  

Planning 

Concept 
Development 

System-Level 
Design 

Detail Design 

Testing and 
Refinement 

Product 
Ramp-up 

Figure 9.1 – Product Development Cycle (Jackson 2010, 7) 

Figure 9.2 – The Generic Product Development Process, (Ulrich & Eppinger 2008, 14) 
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Pahl et al. (2007) presents a different approach in the book “Engineering design: A systematic 

approach” seen in figure 3.3. 
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Figure 9.3 – General Approach to Design (Pahl 2007, 19) 
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Ertas and Jones (1996) present a method in “The engineering design process”. (Figure 3.4) 

 

 

Recognition of need 

Conceptualization 

Feasibility assessment 

Decision to proceed 

Funding approval 

Assignment of  

organizational responsibilities 

Development of work 

breakdown structure 

Preliminary design 

 

Detailed design 

Qualification testing 

 

Production planning 

and Tooling design 

 

Production Acceptance 

testing 

Development 

testing 

Cost analysis / redesign 

Proposal evaulation / 

selection 

Request for proposal 

Figure 9.4 – Steps in the Engineering Design Process (Ertas and Jones 1996, 4) 
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Appendix E – Primary and Secondary Use Cases 
 

Primary Use Cases 

Table 9.1 – Use Case 1 

Use Case ID 1, User shuts off gas supply 

Initial Conditions 

System needs to be shut off (emergency) 

  

User (Nurse/Technician) System (Pressure watch) 

 The gas pressure alarm goes off 

The user hears the alarm  

The user opens the hatch door  

The user reach for the shutoff valves  

The user turn the valves ninety degrees  

Ending Condition 

The gas supply is now off 

Notes 
 

Table 9.2 – Use Case 2 

Use Case ID 2, Service technician maintains the system 

Initial Conditions 

System is in need of maintenance (not emergency) 

  

User (Service Technician) User (Hospital technician) System (Pressure watch) 

  Anomaly occurs 

 Hospital staff/technician  
discovers an anomaly and 
calls for service technician 

 

Service technician bypasses gas from 
the normal gas route by turning valves 

  

  Gas route is not 
connected to the alarm 

Service technician fix anomaly   

Service technician restore gas route by 
turning valves 

  

  Gas route is reset and 
alarm connected 

Ending Condition 

System is maintained 

Notes 

Nitrous oxide must not be bypassed since it must be mixed with oxygen 
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Table 9.3 – Use Case 3 

Use Case ID 3, Technician test gas pressure 

Initial Conditions 

System in normal state, gas pressure routine check 

  

User (Technician) System (Pressure watch) 

Technician wants to test gas pressure  

Technician connects tool to outlet  

 Outlet connects to the tool 

Technician reads pressure  

Technician disconnects tool from outlet  

 Outlet is sealed 

Ending Condition 

System in normal state 

Notes 

 

Table 9.4 – Use Case 4 

Use Case ID 4, Technician test alarm 

Initial Conditions 

Normal state, Alarm test 

  

User (Technician) System (Pressure watch) 

Technician wants to test alarm  

Technician starts alarm  

 The alarm sounds and shows correct info on 
display 

Technician resets alarm  

 The alarm is reset 

Ending Condition 

System in normal state 

Notes 
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Table 9.5 – Use Case 5 

Use Case ID 5, Technician rerouting gas inlet 

Initial Conditions 

Problem with normal gas inlet 

  

User (Technician) System (Pressure watch) 

 Alarm sounds due to problem with gas inlet flow 

Technician reads alarm message  

Technician turn main inlet valves off  

 Main inlet flow off 

Technician turn secondary inlet valves on  

 Secondary inlet flow on 

Technician resets alarm  

Ending Condition 

System in secondary inlet state (severe) 

Notes 

People responsible for the gas supply must be notified as soon as possible 
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Secondary Use Cases 

Table 9.6 – Secondary Use Case 1 

Secondary Use Case ID 1, Secondary inlet fails 

Initial Conditions 

Gas inlet problem still occurs after rerouting 

  

User (Technician) System (Pressure watch) 

 Alarm still sounds after rerouting to secondary 
inlet 

Technician shuts off secondary inlet  

 Main and Secondary inlet flow off 

Technician connects backup gas to outlet  

 Gas inlet source from backup tubes (“bombs”) 

Technician resets alarm  

Ending Condition 

System in backup state (critical) 

Notes 

People responsible for the gas supply must be notified as soon as possible 

 

Table 9.7 – Secondary Use Case 2 

Secondary Use Case ID 2, Unauthorized shut off 

Initial Conditions 

An unauthorized person shuts off gas supply 

  

User (Nurse/Technician) System (Pressure watch) 

 Alarm sounds and shows error on display 

User reads the message  

User turn on gas supply  

 Gas inlet flow on 

User resets alarm  

Ending Condition 

System in normal state 

Notes 
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A p p e n d i x  F  –  M o r p h o l o g i c a l  C h a r t s  
 
Table 9.8 – Morphological Chart 

Opacity Modular design Alarm Hatch Circuit breaker Vaulted Sealing 
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2  

A n d r e a s  J o h a n s s o n  

Table 9.9 – Morphological Chart Combination 

Opacity Modular design Alarm Hatch Circuit breaker Vaulted Sealing 

Transparent 
 

 

With 
 

 

Acoustic 
 

 

Hinge 
 

 

With 

 

With 
 

 

String 

 

Frosty 
 

 

Without 
 

 

Visual and Acoustic 
 

 
 

 

Gas spring  
 
 

 

Without 
 

 

Without 
 

 

Sticker Push 

 

Opaque 

 

  Bypass 
 

 

  



   

 
 

 


