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Summary 
  

  The “Development of an existing engraving machine by designing a protection cabin 

for laser marking” project consists of the achievement of a protection cabin for a marking 

laser by applying the theory and the experience acquired during the courses learned in 

Mechanical Engineering program. Degree project is made with the Maskinteknik i 

Oskharsham AB by the Mechanical Engineering student, Ahmet Azman and Sabra Meradi. 

This protection cabin is design for the Deckel GK 21 engraving machine that company had 

already in possession. The safety requirements for laser protection cabin shown in IEC and 

ISO standard will be observed. The design process explained in the GETTING DESIGN 

RIGHT: A Systems Approach book, will be followed to achieve this project. Six steps of this 

method are followed: Define the problem, Measure the needs and set targets, Explore the 

design space, Optimize design choices, Develop the architecture, Validate the project.  

According to do customer requirements, three different protection cabin concepts have 

been designed for the Deckel GK 21 machine body. After analyzing the theoretical part and 

brain storming with the company, it appears that the concept 3 (which is specially design to 

use both tables of the Deckel GK 21) is the best one for the customer. The optimization of this 

concept is done according to the customer comments and the standards. 

The final concept is surrounding the both table and allows using both of them for 

marking. The final concept has large door and two observation windows on it to follow the 

whole process. There are two side gates at the both side of the protection cabin to give ability 

to mark long pieces. The materials and thickness’ of the protection cabin component designed 

considering the laser safety standards. The laser head which has been provided from the 

company, placed on the roof of the cabin and it can be moved from one table to another. The 

control panel of the laser placed just front of the cabin to reach it easily. The maintenance of 

the protection cabin and laser can be done easily because the cabin has large working area and 

most of the component can be demountable. 
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Abstract 

The “Development of an existing engraving machine by designing a protection cabin for laser 

marking” project consists of the achievement of a protection cabin for a marking laser by 

applying the theory and the experience acquired during the courses in Mechanical 

Engineering program. Degree project is made with the Maskinteknik i Oskharsham AB by the 

Mechanical Engineering student, Ahmet Azman and Sabra Meradi. This protection cabin is 

design for the Deckel GK 21 engraving machine that company already bought it several years 

ago. The safety requirements for laser protection cabin shown in IEC and ISO standard will 

be observed. The design process explained in the GETTING DESIGN RIGHT: A Systems 

Approach book will be followed to achieve this project. Six steps of this method are followed: 

Define the problem, Measure the needs and set targets, Explore the design space, Optimize 

design choices, Develop the architecture, Validate the project. 
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1. Introduction 

In this chapter, the background, objectives and limitations of this report are described.   

1.1 Background 

MASKINTEKNIK AB Company, located in Oskarshamn, is an engineering company that 

works on mechanical engineering areas, which are covered by the manufacture of one-piece 

or small series, product development, prototyping, special projects, consultancy and repairs. 

Most of time, clients contact the company for special projects. In some case these projects, 

require special machines, which are developed by the company itself for needs.  

Indeed, our degree project consists in a development of a marking machine by designing a 

protection cabin. The marking process will be done by a laser. These kinds of laser comprise 

some dangers for users. To protect them from the laser radiation, a protection cabin is needed. 

The goal of this project is to develop and design a protection cabin for laser marking by 

following International Standard Office (ISO) standards. 

1.2 Objectives 

Project objective is, to present a design of a protection cabin to MASKINTEKNIK AB 

Company by following the company requirements, following the standards and by dealing 

with limitations. 

1.3 Limitation 

This project meets some limitations like time, material and standards (law). Indeed, this 

project has to be achieved in 10 weeks. The laser head which will be used on the machine is 

already chosen. The protection cabin should follow the safety standards.  
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2. Research Methodology  

In this chapter, methods and tools to handle the project are described and discussed. 

2.1 Understanding of Product Development 

The development of a new product has been seen since the beginning of the time. Human 

being has curiosity and creativity that guide to find out solutions for problem and to 

improving present product. These human characteristics create opportunities for a company 

which knows how to explore and manage them. A manufacturing company that has ability to 

identify customer needs and which can develop new products to fulfill these needs, will likely 

become a successful one. Therefore, development of new products is crucially important for 

both companies and the societies. (Bodin, 2000)  

2.2 Product Development Process  

In this part of the report, the product development process which will be used as a method is 

explained. The method structure is explained in the book: “Getting design right: a systems 

approach”. (P. Jackson, 2010).This approach is composed of 6 steps. In the next 6 headlines 

these steps are explained and will be applıed in the analysis part.  

2.1 Identifying the customer needs 

To make a product long-term successful, it is necessary to have a good planning. But 

before the actual planning can start, there are some important steps which have to be done. 

This step can be divided into three steps 

1. Definition of the project 
2. Definition of the context 
3. Use cases and functional requirements 

As a first step, a problem definition should be done. These steps include naming the 

problem, making a first sketch of the concept and determine how much time and money will 

be spent on the project. This is also known as tailoring the process. 

Furthermore, it is important to know what the involved people want to have. Involved people 

are usually the customer, owner and user. It is important to know what each of those people 

want to have and whether their wishes are realizable.  
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When all of this information is collected, a mission statement should be written, because 

this helps to keep the main target in view. After that, a definition of the whole context should 

be done. This includes the definition of the system boundaries: what should the designer 

concentrate on and what is not connected to the system. It also helps to make a context 

diagram of the system, including the single entities and their connection to each other. 

Furthermore, it is important to understand the current context and to include customer 

comments.  

The last step is to define functional requirements. To begin, a collection of use cases should 

be done and afterwards the most common use cases have to be figured out. In the following, 

the functional requirements can be determined, based on the main use cases. The result will be 

a final list of functional requirements. 
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2.2 Establishing the target specification and needs 

Designers have to know everything about the customer needs. When finishing the design, 

they should answer following questions. Does this product meet customer needs or technical 

performance for the customer as well as for potential customers? In this part; the aim is how 

an approach for a problem should look like. The process is arranged into following three 

steps; 

1. Measure the customer need 

2. Translate the customer need into technical requirements 

The first step is to measure customer needs. Therefore, a matrix is defined with all the 

customer needs. In the matrix the customer needs are written in the rows as well as in the 

columns. In the next step, the contents of the matrix are compared each other. That means the 

designer has to determine which of the factors are more important. The factors are graded 

with plus, minus and zero. After that, the total amount of pluses of each customer need is 

counted and written into the end of row. In the next step, those amounts of grades at the end 

of each row are added into a total amount of pluses. Now a weighting factor can be created. 

Therefore the sum of pluses of a customer wish is divided by the total amount of pluses from 

the last step. The sum of those weighting factors must be 1 at the end. The “Goal Question 

Metric (GQM)” method is the most useful method to create quantity weighting factors. 

 

The second step to translate the customer needs into technical requirements have to be 

considered to specify product targets which have high urgency for the customer. Also 

designers have to evaluate their achievement differently from customer needs. Therefore 

designers must try to convert the design problem into an engineering problem. 

Designers, project managers and other customer-focused people in an organization usually 

speak a different “language” compared to the engineers. It is important that all specifications 

can be understood by every project member. 
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2.3 Generating the product concepts 

Product concept operation comes up with different ideas how to apply a project.  It also helps 

to choose the best idea among different concepts. Generating product concepts is an activity 

which shows the product design specification. At the beginning, the product concept could be 

abstract, complete or detailed. During the concept generation process, the focus should be on 

two main parts. 

1. Discover different concepts about the design problem 
2. Explore concepts 

The first step to discover different concepts of the design problem can be divided into four 

steps.  

1. Clarify the problem 
2. Brainstorm and research 
3. Organize the concept 
4. Shorten and expand the concepts 

To clarify the problem the project group should make a difference between primary 

capabilities and specify constraints. The primary capability of a design is to accomplish that, 

wherefore it is has been designed. This must describe what the design should be able to 

perform. 

Brainstorming is a group or individual creativity technique by which efforts are made to find a 

conclusion for a specific problem by gathering a list of ideas spontaneously contributed by its 

member(s).  

For exploring the concepts, the raw concepts which are developed in step 1 must be 

transformed to more specified concepts which can be used for the product. The transformation 

can be done by three steps; 

1. Combine the concepts 
2. Generate  integrated concepts 
3. Identify the subsystem 

The concept combination part suggests different ways of the design problem. The other 

important step is to integrate the concept combinations through this suggestion. 

 

 

http://en.wikipedia.org/wiki/Creativity_technique
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2.4 Selecting and optimizing the product concepts 

1. Selecting the Concepts 

The decision making process for the design, it is important that to make a comparison 

between the reference concepts and the current design. All the facts and grades given by 

examination can be referred to the reference model or current design. By this manner it is 

possible to avoid subjective opinions. Therefore it is important that the reference concept or 

current design which the project group will compare with is well described as documented. 

This is the most important part of this approach. The selection of the design must be written 

out, including the decision making information. This could help when problems occur during 

the use of the design. 

The next six steps lead to the chosen concept; 

1. Identify the alternative design concepts 

2. Identify the product attributes 

3. Filter out less useable concepts 

4. Rate the residual concepts for their qualities and weight the qualities  

5. Calculate the highest score and rank these in the right order. 

For the design concept made before, the attributes are listed from the project objectives. This 

means listing all the demanding which have been defined in the beginning. Attributes with no 

influence to the final design should not be listed. These aspects can be added later during the 

final design. A Pugh diagram which helps to evaluate the concepts is suitable to define this 

step. 

 

Next step is to filter out the concepts which are less useable. The brainstorm session has 

delivered ideas which could be applied, but there is only one solution which is going to be 

developed. 

To weight the qualities for the reference concept and the residual concepts, it is possible to 

make a weighting table. In this table weights are admitted to the product attributes.  

After step 4 the concepts can be ranged. The concept with the highest score is number one. 

This concept will be developed.  
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Defining the product family is to investigate production benefits due to similar parts. Goods 

which are produced by comparable ways of production, or for comparable functions for 

different products are so called product families. The idea behind this description is that the 

design is able to change some parameters. This makes the design flexible and cheaper.  

2. Optimizing the Concept 

In this section, optimizing the continuous design parameters will be considered subject 

to engineering and design constraints. Sometimes, engineering analysis and mathematics can 

be used to optimize the concept; in other cases, physical experimentation will be required. 
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2.5 Architecting the design 

The problem of the project is described in the first four chapters. Another important point is to 

improve the view of the product on the project, since this can give an advantage on the 

market. 

Steps which are placed below, simplify the process: 

• Develop a complete understanding of each subsystem and how it works with other 

subsystem if they interact with each other. 

• The main target while describing each subsystem is to see if the detailed design can 

work independently. 

The development is divided into three steps. The best to approach a design is to find the order 

of; behavior, function and structure of the system. It is easy to improve the system 

architecture by applying following steps; 

1. Behavior of the system in use  

2. Functional control of the system in use 

3. Structure of the system in use 

Behavior of the system in use; 

The behavior of the system is divided into following steps; map the behaviors of subsystems, 

identify the interfaces, identify the system states and set targets for behavior. 

To take the use case behaviors and mapping them to the subsystem is one of the main tasks on 

the design. Mapping the behaviors means each step is described in detail by using one of the 

most popular techniques called “operational description template (ODT)” which also 

describes every thread of the system behaviors. 

After mapping the subsystem, the functionality of the system can be described in detailed by 

defining different subsystems 

Another useful way to think about the system behavior is, to identify the system states. It 

shows a transition the one state to another. To identify the system states, firstly, it is necessary 

to understand how the behavior changes the system. 
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Functional control of the system in use; 

It is possible to get lost in a too detailed behavioral description. In this section the behavior of 

any system will be explained in two ways; identify functional relationship and summarize 

state changes. 

Functional view of the system can be simplified to know the relationship between different 

systems. The easiest way to show the functional view is to create a “functional 

interrelationship matrix” which rows and columns are listed in the same order. 

Structure of the system in use;  

The physical parts of the architecture are explained in this section. The main subsystems and 

their interactions are the subjects which should be focused on. System interfaces are 

summarized by doing an interface matrix. The cells are used to describe the interfaces. 

Identify the emergent interaction would be the next step to show the relationship. İdentify the 

interaction of the system means, different kinds of system effects are explained. These effects 

can be; vibration, friction, excessive heat, corrosion, dirt and contamination. To make these 

interactions understandable, the table can be used which shows the entities describes the 

potential for an emergent interaction. 

Sketch a design is one of the most important steps on the process. Sketching the concept 

shows the proposed part of the design. Sketches can be simple or complicated but it can help 

to understand the design. 

Based on the product concept sketch, the bill of material can be created. It is a list of the 

component with quantities and estimated cost that must be purchased or manufactured in 

order to assemble the product.  
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2.6 Validating the design 

Validating the design must be performed in two steps. The first step is to make a test plan to 

measure in which way the new design fulfills its customer needs. The second step is to 

perform a failure mode effect and critical analysis (FMECA) to define the part of the system 

which has the highest risk for failure. 

1. Test plan generation 

Developing the test plan at the end of the design is the wrong way since this will not improve 

the system. To improve the design a test plan should be made early and should be made based 

on the requirements. The steps for doing a sufficient test plan should be done accordıng to 

following order; 

Identify the behavioral test sequences; 

It is easy to make a test plan by using the operational description template (ODT). Most of the 

information which needed to make a test plan can be inserted from operational description 

template. This needed information except from ODT are “expected result” and “actual result”. 

The test sequences table can be made by adding 2 columns which are called “expected result” 

and “actual result”. 

Behavioral test plan;  

The behavioral test plan should be improved based on the data which is collected from 

originating the requirements. A test plan contains; requirements, abstract name, test methods, 

test facilities, entry condition and exit condition. The entry conditions are conditions which 

have to be fulfilled before applying the test and exit condition shows actual result after the 

test.  
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2. FMECA analyses 

To define which risks exist concerning the design, a tool can be used to measure the risk. The 

most common analysis for identify the risk is failure modes effect and critical analysis 

(FMECA). There are several steps to conduct failure modes effect and critical analysis 

(FMECA). At first the single parts of the system are selected and their functions are analyzed. 

Then; failure type, effect of the failure and failure reason should be predicted.  Other useful 

factors to develop FMECA are following; 

• Severity of Failure 

• Probability of occurrence of failure  

• Likelihood of detection the failure 

For define the rate of severity and probability of occurrence of failure; a rating from 1 to 10 is 

used. From 1 to 10 the severity and occurrence increase. (Khoshaba, 2012). 

Table 1: Severity description of the components 
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Table 2: Description of occurrence 

 

To define the likelihood of detection the failure, also the numbers 1 to10 are used but this 

time 1 represents that it is easy to detect the failure and 10 represent no chance of detection. 

Finally the risk priority number can be defined in the following way; 

Risk Priority Number (RPN) = Severity of Failure x Probability of occurrence of failure x 

Likelihood of detection the failure. (Khoshaba, 2012). 

Table 3: Description of detection 
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3. Theory 

In the theory chapter, the theoretical information is presented that will use in the analysis. 

3.1 Laser Application 
 

    3.1.1 How the laser works 

 The laser was invented in 1960 and later on it called “a solution looking for a 

problem”.  The basic laser comprises of two mirrors. They are placed parallel to each other to 

constitute an optical oscillator which is a chamber that light can travel between optic axis and 

mirrors. This action would be oscillated back and forward between the mirrors forever, if not 

prevented by absorption. Between the mirrors there is an active medium that can amplifying 

the light oscillations by the stimulated emission. There is another system to active the medium 

which is energy. These systems are usually a DC OR RF power supply, for gas laser this time 

it is CO2, HE/NE or a focused pulse of light for ND-YAG laser. (Steen, 2005) 

3.1.2 Different type of laser  

 There are many areas which laser application can be used such as; powerful light, 

measurements, holography, inspection, recording, communication, medical, material 

processing and so on. (Steen, 2005) 

 There are some lasers that mostly using for material processing such as; carbon 

dioxide (CO2), carbon monoxide (CO), neodymium-yttrium aluminum garnet (ND-YAG), 

ND-glass, excimer ( KrF, Arf, XeCl) and diode laser (GaAs, GaAlAs, InGaAs, GaN).  (Steen, 

2005) 

3.1.3 Laser Marking   

In the past years, laser applications have been mostly used in cutting and welding. 

Recently, this technology adapted in the other industrial process like marking, selecting and 

machining of different product. (Leone, Genna and De lorio, 2010)  
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Marking is a process to make a mark on the product to identification of the product. 

There are many marking process like, ink-marking, labeling, mechanical engraving, laser 

marking and electro-chemical method. Laser marking method is one of the newest methods. 

Laser marking process has many advantages compare to other methods such as, non-contact 

working, high flexibility and automation. (Qi, Wang and Zhu, 2003) 

Laser marking process in the industry generally works like; short pulses from the Nd-

YAG, excimer or TEA CO2 can make a mark on the products. This process is formed by 

modifying surface, removing a layer, causing a local reaction or activating a color center. 

(Steen, 2005) 

3.1.4 Laser Safety 

 Laser applications pose some hazards in the form of beam. The risk of these dangers 

can be reduced if the danger is determined. The main danger from the laser applications are 

listed below. 

• Damage to the eye 

• Damage to the skin 

Damage to the eye:  The ocular fluid has spectral transmissivity which can be occur two 

different problems with the eyes. One of them is potential damage to the retina at the back of 

the eye and the other is damage to the cornea at the front of the eye. Eye’s lens will focus on 

10^5 times when the radiation falls on the retina. This means that lasers with wavelength in 

the visible or near to visible (He/Ne, Nd-YAG, Nd-glass) are more dangerous than the others 

(CO2, excimer)  

Damage to the skin: These are less dangerous than on eyes. The laser beam is capable of 

penetrating the human body as fast as steel. It means that direct beam needs to be protected. 

The damage done on the skin is generally blistering or cutting but the wound will be healed. 

As a general rule “never put the parts of your body in the path of a laser beam” (Steen, 2005) 
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3.1.5 Laser Classification 

 Lasers classification is related to their hazards in the Standards EN 60825-1. Most of 

the lasers which are using in material process classified as Class 4. Table 4 is a summary of 

the classification, based on the Accessible Emission Limits (AEL).  (Steen, 2005)  

Table 4 : Laser Classification 

 

 
 

 

 

 

 



 

16 
 

 
                                        

3.2 Laser Safety Requirements 
 
In this section, all requirements belong to the IEC 60825-1 and IEC 60825-4 Standards. 

 
The greater the risk, the greater is the need to protect against it. Laser products are a 

good example of such risk. The reliability of the safety measure should increase as the 

probability or severity of injury resulting from failure of the measure increases. This principle 

shall be applied to its safeguards and controls in general, to interlock and to guard materials. 

Some safety requirements were built up, depending on the Laser class, concerning the design, 

the construction material and the installation of a safeguard. Here, the safety requirement of 

the class 4 laser is emphasized.  

 

3.1.1 Design 

In this section, all requirements belong to the IEC 60825-1 Standards. 
 
A safeguard is composed by two essential components: 

-  A physical barrier (protective housing), highly attenuating at the laser wavelength, to act as 

a laser guard for laser radiation and to resist the penetration of hazardous levels of incident 

radiation for a limited time only; 

-  A safety control system which incorporates a mechanism able to terminate laser emission if 

human safety is compromised (safety interlock, a key-operated master control,…). 

 
Following is a list of all the components that a safeguard shall be consisted of. 

 

 Protective Housing : 

 

Each laser product shall have a protective housing which, when in place, prevents human 

access to laser radiation (including errant laser radiation). The protective housing of laser 

products will normally protect against the hazards of collateral radiation (e.g. ultraviolet, 

visible, infrared radiation). Guard should preferably be designed to follow the contours of the 

machine. 
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 Controls : 

Each laser product shall have controls in order that any adjustment and operation do not 

require exposure to laser radiation. These controls are usually composed by: 

 

- an Interlock :  

A safety interlock shall be provided for access panels of protective housings if the access 

panel is intended to be removed or displaced during maintenance or operation, and the 

removal of the panel gives access to laser radiation levels higher than class 3 level.  

 

- an Override Mechanism : 

 

A deliberate override mechanism shall be provided to stop if the panel is opened during the 

operation. It shall not be possible to leave the override in operation when the access panel is 

returned to its closed position. Use of the override shall give rise to a distinct visible or 

audible warning whenever the laser is energized or capacitor banks are not fully discharged, 

whether or not the access panel is removed or displaced.  

 

- a Remote Interlock Connector: 

Each Class 4 laser system shall have a remote interlock connector. When the terminals of the 

connector are open-circuited, the radiation shall not be applicable. 

 

- a Manual Reset : 

Each Class 4 laser system shall incorporate a manual reset to enable resumption of accessible 

Class 4 laser radiation emission after interruption of emission which caused by the use of the 

remote interlock connector or an interruption of longer than 5 s of electrical mains power. 

 

- a Key-Operated Master Control : 

 

Each Class 4 laser system shall incorporate a key-operated master control. The key shall be 

removable and the laser radiation shall not be accessible when the key is removed. 
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NOTE:  the term "key" includes any other control devices, such as magnetic cards, cipher 

combinations, computer passwords, etc. 
 

 Warning Device : 

 

A warning device shall give an audible or visible signal when the laser system is switched on 

or if any capacitor banks of a pulsed laser are being charged or have not positively discharged. 

The warning device shall be fail-safe or redundant. Any visible warning device shall be 

clearly visible through protective eyewear. The visible warning device(s) shall be located so 

that viewing does not require exposure to laser radiation. 

  

 Means of Attenuation:  

 

Each Class 4 laser system shall incorporate one or more permanently attached means of 

attenuation (e. g., beam stop, attenuator, switch). The beam stop or attenuator shall be capable 

of preventing human access to laser radiation by reducing the laser radiation. 

 

 Viewing optics:  

Any protective eyewear shall be specifically designed or specified for the wavelength(s) of 

the accessible laser radiation. It shall provide sufficient attenuation to prevent human access 

to laser radiation. 

 

 Labeling: 

Each laser product shall carry label(s). The labels shall be durable, permanently affixed, 

legible, and clearly visible during the operation, maintenance or service, according to their 

purpose. They shall be so positioned that they can be read without the necessity for human 

exposure to laser radiation. Text borders and symbols shall be black on a yellow background. 
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Each Class 4 laser product shall have affixed a warning label (Figure 1) and an explanatory 

label (Figure 2) bearing the words: 

 

LASER RADIATION 

AVOID EYE OR SKIN EXPOSURE TO 

DIRECT OR SCATTERED RADIATION 

CLASS 4 LASER PRODUCT 

 

 

 

Figure 1 Warning label – Hazard symbol 
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Each connection, each panel of a protective housing, and each access panel of a protective 

enclosure which, when removed or displaced permits human access to laser radiation, shall 

have affixed labels bearing the words:  

CAUTION – CLASS 4 LASER RADIATION WHEN OPEN 

AVOID EYE OR SKIN EXPOSURE TO 

DIRECT OR SCATTERED RADIATION 

 

2.1.1 Materials 

In this section, all requirements belong to the IEC 60825-4 Standards. 
 

At low levels of irradiance or radiant exposure, the selection of material and thickness for 

shielding against laser radiation is determined primarily by a need to provide sufficient optical 

attenuation. However, at higher levels, an additional consideration is the ability of the laser 

radiation to remove guard material – typically by melting, oxidation or ablation; processes 

that could lead to laser radiation penetrating a normally opaque material. 

 

 

Figure 2 – Explanatory label 
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 Material selection: 

In selecting the material to be used for the construction of a guard, consideration should be 

given to the following: 

- the ability to withstand the forces of any foreseeable hazard associated with the laser 

processing machine. The guard may fulfil a combination of functions such as the prevention 

of access and containment of hazards. These hazards include laser radiation, ejected particles, 

dust, fumes, noise, etc. One or more of these considerations may govern the selection of guard 

materials; 

- the weight and size in relation to the need to remove and replace it for routine 

maintenance; 

- the compatibility with the material being processed. This is particularly important in 

the food processing or pharmaceutical industry where the guard material should not cause a 

source of contamination; 

- the  ability to maintain its physical and mechanical properties after coming into 

contact with potential contaminants generated or used during processing operations or 

cleaning or  sterilizing substances used during maintenance. 

 

 Usual safeguard materials: 

 

- Solid sheet metal: 

 

Every kind of Metal have the advantage of strength and rigidity and in solid sheet form is 

particularly suitable for guarding where adjustments are rarely needed and there is no 

advantage in being able to see the working operation within the process zone. However, care 

should be taken to ensure that, where necessary: 

•sufficient ventilation is provided for the guard to prevent overheating within the 

process zone, and 

•the guard does not create a noise or vibration resonance. 

Data shown in Figures F.13 to F.22 (Appendix A) will aid the selection of suitable materials 

that withstand the foreseeable worst case laser radiation exposures. 

 

 



 

22 
 

 

- Glass: 

Glass is unsuitable for guard manufacture due to its tendency to rupture but where a laser 

process is required to be observed and the material is likely to be exposed to high 

temperatures or abrasive action, a safety glass, which provides adequate protection from laser 

radiation (by internal absorption of the laser radiation within the material or suitable reflective 

optical coatings on the surface of the guard material) may be suitable. 
 

- Plastics 

Transparent plastic sheet materials may be used in laser guarding as an alternative to opaque 

materials especially where observation is required during the processing operation. 

Plastic materials available for guarding purposes include polycarbonate and specially dyed 

acrylic sheet. It is essential that these materials are selected with appropriate optical protective 

properties for the wavelength and power of the laser source fitted to the laser processing 

machine. 

The mechanical properties of many plastics are adversely affected by contaminants, by 

incorrect cold working and by continuous exposure to high temperatures or UV radiation. 

Continuous exposure to high temperature (polycarbonate: 135˚C, acrylic sheet: 90˚C) will 

cause softening and consequently lowering of both impact strength and other optical 

properties. 

Any removal of the surface material may reduce the optical protective properties of the 

material at laser wavelengths and the provision of additional sacrificial mechanical protective 

layers should be considered. 

Most plastics have an ability to hold an electrostatic charge. This can create a risk of 

electrostatic ignition of flammable materials and can also attract dust. This characteristic can 

be mitigated by the use of an anti-static preparation. 

 

- Other materials: 

Concrete block work may be an effective material for some guard construction and is 

frequently used for large CO2 laser processing machine enclosures. 
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 Resistance of material: 

By way of illustration of the resistance of material, some experiments have been done 

according the laser beam power and beam diameter for burn-through times of 100s for various 

metal sheets. The sheets were mounted vertically and the front surface painted black; and the 

laser beam was horizontal. ‘Burn-through time’ is the time taken for the laser beam to remove 

the material in its path (e.g. by melting, vaporization, ablation). The data should be taken only 

as a guide, since values can vary widely depending on the beam parameters (including 

wavelength and beam profile) and the condition of the guard surface. 

 

Some examples of the resistance of guard materials are shown in the following Figures.  

See also Figures F.13 to F.22 (Appendix A) 

 

 

 Figure 3: Damage resistance of 2mm thick zinc coated steel sheet derived from 100s 
exposure to a defocused beam during experiment using a CW Nd:YAG laser 
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Figure 4: Damage resistance of 2mm thick aluminum sheet derived from 100s exposure to a 
defocused beam during experiment using a CW Nd:YAG laser 

 

3.1.1 Installation 

In this section, all requirements belong to the IEC 60825-4 Standards. 
 

Key elements in assessing the arrangement and installation of guards around the process zone 

include: 

- the degree of accessibility required for workpiece handling (especially the degree of 

manual manipulation); 

- the method of fixing the workpiece (e.g. use of jigs and clamps); 

- the method of removal of the workpiece and any associated parts (e.g. scrap) after 

processing. 

To identify the preferred position for the laser guard; 

– ensure that the laser guard is sufficiently far away from beam focus produced by focusing 

optics; 

– install vulnerable parts of laser guard (such as viewing windows) away from regions that 

could be exposed to high irradiance; 

– move the laser guard farther away from the laser process zone; 

 

Good practice in determining the location of laser guards includes: 

• the laser guard should be located at least 3 focal lengths away from the focal point of 

a focussing lens; 

• laser guards with lower protective exposure limits, for example viewing windows, 

should not be located where the direct beam or specular reflections are expected. 
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4. Empirical Findings 

4.1 Company Description  

Maskinteknik i Oskarshamn AB is a technical company that works in a wide range of 

mechanical engineering. The company is established in 1990 in the present premises and has 

nine employees today. Maskinteknik’s current business areas are:  prototyping, product 

development, special projects, consulting, one-offs or short series manufacturing and repairs.  

Primarily, Maskinteknik is contacted by companies from the region, but also by companies 

from other parts of Sweden and Europe. Examples are:  SKB (nuclear fuel and waste 

management), Scania, Plåtson, PressKogyo, ABB and Be-Ge. They also have contacts with 

schools and universities, and among others; they have worked with Linnaeus University, 

research for developing equipment  

In the workshop you find conventional and CNC-machines such as; turning, milling, grinding, 

sheet-metal bending/construction, and welding machines (MIG/MAG and TIG). To aid in 

technical design and development, Maskinteknik takes an active approach to acquiring new 

technologies.  

Maskintekniks´ expertise, knowledge and wide range of mechanical equipment makes them 

unique in the field.  

                                 
 

 

 

 

 

 

Figure 5: Maskinteknik I Oskarsham AB 
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4.2 Current Machine 

The company’s current machine is named DECKEL GK 21. The GK machine from German 

company Deckel, has long successful operation in engraving, copying and in the 

manufacturing of the tools. Steady construction with high accuracy reproduction and fingertip 

control, makes the GK handy and useful machine for production. The deckle GK 21 mainly 

composed of, a swivel-mounted control panel (1), a clamping areas of the work table (2), 

copy table (3), scale (4), the longitudinal travel (5) and the cutter spindle (6). You can see the 

component of the machine from the figure 2. (Deckel F.)  

 

 

Figure 6: DECKEL GK 21 
 

 

(4) 
(3) 

(2) 

(5) 

(6) 

(1) 



 

27 
 

 

4.3 Current Laser  

The Laser that will be used is the PQS-5W laser. PQS series laser equipment is primarily 

intended for marking and engraving of metals and plastics, micromachining, material 

processing.  

 

Figure 7: PQS-5W laser. 
 

PQS laser equipment is an OEM (Original Equipment Manufacturer) system, meaning that it 

has been designed and developed as a component to be integrated in more complex systems.  

Since it is an OEM component, PQS is not equipped with all the safety systems that finished 

laser equipment must have, therefore it is in charge to the customers professionally trained 

personnel the integration of the interlocking devices, guards and safety warnings required by 

law in the final product.  

 
4.3.1 Laser Technology: 

PQS-5W laser is a Nd:Yag laser. Its radiation is a coherent, monochromatic electromagnetic 

emission at a wavelength ranging close infrared (1064 nm).  

PQS Lasers are based on the so called “Diode Pumped Solid State (DPSS)” technology, 

meaning that laser emission is generated in a crystal bar under stimulation by the “optical 

pumping” from a Diode Laser.  
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Laser resonator works as an oscillator, where continuous reflections of photons between a 

front mirror and a rear mirror creates a positive reaction so that their number continues to 

increase, until reaching the concentration necessary to produce a beam which projects from a 

semi-reflecting output mirror. Laser radiation is then collimated and focused with lenses and 

optics at a point (beam spot) where the intensity becomes high enough to be able to react with 

various materials, producing an alteration in them. 

A features description of the laser head can be viewed in Appendix B. 

4.3.2 Laser Classification: 
 

PQS 5W laser is class 4 laser equipment according to International Electrotechnical 

Comission IEC 60825-1 and contains a Class 2M visible aiming beam.  

Class 4 lasers are dangerous for viewing of direct, reflected and diffuse radiation. They can 

cause injury to eyes and skin and could also constitute a fire hazard, when directed to 

flammable materials.  

Class 2M includes lasers that emit visible radiation in the wavelength range from 400nm to 

700nm where eye protection is normally afforded by aversion responses including blink 

reflex, but that could be dangerous if viewed through optics such as lenses. 

Use of Class 4 laser equipment such as PQS is allowed to qualified and trained personnel 

only. People who may be exposed to dangerous laser radiation must wear Individual 

Protection Devices such as protective goggles to prevent injury. 

4.3.3 Laser System: 
 
PQS laser system is basically composed of three distinct parts:  

- Electrical – Controller Cabinet & Power Supply Cabinet  

- Optical – Resonator and scanner head  

- Control – Personal Computer  

 

The Electrical Part is primarily incorporated in a rack, it provides power for the entire 

machine and centralizes the functions needed for its operation.  

The Optical Part is composed of a laser diode installed in the Diode Module (located in the 

Controller Cabinet), a connecting Optical Fiber, a Resonator (laser oscillator) and is 

completed with the Scanner Head, which is opportunely driven to aim the laser beam in the 

desired Work Field.  
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The Control Part supervises laser processing operations, controlling all their phases. 

The management software, installed in a PC, is used to set all the parameters for the laser 

process.  

 

 

  
Figure 8: PQS-5W laser system. 
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Analysis 

In this chapter, the empirical findings and the product development steps of the research 
methodology is applied.  

 5.1 Identifying the customer needs 

1. Definition of the Problem 

MASKINTEKNIK AB Company is an engineering company that works on manufacture 

of one-piece or small series, product development, prototyping, special projects, consultancy 

and repairs. The company develops special machines, for its needs.  

The project consists in a development of a marking machine. The DECKEL GK 21 

machine which is an engraving and copy milling machine (Figure 9) is modernized. The 

marking process will be done by a laser. These kinds of lasers are dangerous for users 

especially for the eyes. To protect them from the laser, a protection cabin is needed.  

 
 Figure 9: Deckel Gk 21 
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The DECKEL GK 21 is a pantograph engraving and profiling miller. It is composed of 

two tables. One of them is a work table and the other is a copy holder table. On the copy, the 

operator uses a spindle to take the references and dimensions of the part which will be 

duplicated on the second table. The copying process is made thanks to a sturdy cutter spindle. 

For our project, the upper part of the machine will be removed; the upper part consists 

of the both spindles and their handlings, only the tables and the main body of the machine will 

stay. The laser will replace the spindles. For the safety of the user, a protection cabin will be 

designed.  

To visualizing the project, a preliminary sketch was done. 

 

 

 
Figure 10: Preliminary sketches 
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The project design is combination of a protection cabin and a laser handling (this 

combination will be called as a system in the following paragraphs). The cabin should be 

equipped with a switch off system and an observation window. The switch off system would 

be activated when an unexpected opening of the cabin is occurring. The observation window 

is necessary to follow the marking process. The laser handling should include a moving 

system which will make the position of the laser head adjustable.  

 
The achievement of the project will last 10 weeks, during these 10 weeks the student group 

will work 6 hour per/day. The student group doesn’t have an exact budget for this project. The 

students will try to make this design as affordable as possible.  

 

In this project, the owner is the student group composed by Ahmet AZMAN and Sabra 

MERADI, students of Mechanical Engineering, Degree Project (Bachelor) - Product 

Development (2MT00E), Linnaeus University, Spring Semester 2013. The user is the 

operators in MASKINTEKNIK AB. The customer is MASKINTEKNIK AB Company. 

Table 5: Roles definition 

Owner Ahmet AZMAN & Sabra MERADI 
User Workers at Maskinteknik AB 

Customer Maskinteknik AB 
  

The student mission will be to design a proper protection cabin to modernize the 

DECKEL GK 21 machine with respect to the safety standards.  

2. Define the context: 

The scopes of the project must be clear; it means that the external and internal entities 

of project have to be defined. For doing this, a context diagram showing the different 

relationships between these entities should be done. The boundaries were discussed with the 

customer. As it can be seen on Figure 11, the scopes of this project focus on the protection 

cabin and laser handling. For this project, the internal entities are protection cabin and laser 

handling (system). The external entities are: customer, operator, product(which will be mark 

by the laser head), old machine body, the laser head and switch off system. 
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Figure 11: Context Diagram 
 

Thanks to customer comments, the objectives of the project were figured out. These 

objectives are showed in the “voice of the customer” table. 

Table 6: Voice of the Customer 

 
 
Make the system safe 

Protect the operator from the laser 
 
Follow the safety standard 
 
Absorb the noise of the machine 

 
Make the system reliable 

Same efficiency of the switch off system 
 
Reliable for day to day usage 

 
Make the system easy to use 
 

 
Simple understanding for everyone 
 
Simple components 
 

 
Make the system inexpensive 

Low raw materials cost 
 
Low maintenance cost 

 
Make the system repairable  
 

Replacement components 
  
Dismountable  
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3. Define the Functional Requirements  

To define the functional requirements, the use cases should be figured out. These 

describe all the actions which depend on the system. The use cases with the highest priorities 

were defined with MASKINTEKNIK AB. Due to the function of the system; the use cases 

can be divided into two categories, primary and secondary use cases. 

A priority is given to the use cases by following these criteria  

 -High priority (H): Behaviors must be described   

  -Medium priority (M): Behaviors description is not compulsory   

-Low priority (L): Behaviors description is not needed 

 

Table 7: Preliminary and secondary use cases with priority 

Use cases 
Primary  Priority 
1.The system marks the product H 
2.The system is opened while the machine is working H 
3.The operator can change the position of the laser H 
4.The system can treat a long product H 
5.The operator can observe the marking process M 
 
Secondary 

6.The operator adjust the position of the product M 
7.The design can be operated by one operator L 
8.Operators can chance the components M 
9.Operators can do the maintenance M 
   

The behavioral descriptions of these use cases must be defined. For doing this, a table 

containing use case name, initial condition, behavior thread starts with, ending condition and 

notes, should be built. The following tables are the behavioral description of the primary use 

cases with high priority.  
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Table 8: Behavioral Description of the use case n°1 

 

 

 

 

 

 

 

 

1. The system marks the product  
  
2. Initial conditions 

The system is unloaded 
                      The machine is turned off 

3. Operator           The system      The Laser Head      The product 

The operator open the 
cabin 

   

 The cabin is opened   

The operator loads the 
machine 

   

   The product takes place 

The operator close the 
cabin 

   

 The cabin is closed   

The operator turn on the 
machine 

   

 The switch off mechanism is 
activated  

  

The operator program the 
marking 

   

  The laser is started  

  The laser marks the 
product 

 

   The product is marked 

  The laser is stopped  

4. Ending conditions:  
The system stops 
The machine is unload 

 
5. Notes 
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Table 9: Behavioral Description use case n°2 

 

Table 10: Behavioral Description of use case n°3  

 

 

 

1. The system is opened while the machine is working 
  
2. Initial conditions 

The system is loaded 
                      The machine is turned on 

3. Operator           The system      The Laser Head      The product 

  Laser is marking  

The operator open the 
cabin 

   

 The cabin is opened   

 The switch off system turn off 
the laser 

  

  The laser is turned 
off 

 

4. Ending conditions:  
The laser is stopped 

 
5. Notes 

1. The operator can change the position of the laser   

2. Initial conditions 
The system is loaded 

                      The machine is turned off 
3. Operator           The system      The Laser Head      The product 

The operator open the 
cabin 

   

 The cabin is opened   

The operator change the 
position of the laser 

   

 The handling is moved   

  The laser has a new 
position 

 

4. Ending conditions:  
The laser has a new position 

 
5. Notes 
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Table 11: Behavioral Description of use case n°4 

 

During the behavioral description of the primary use cases with high priority, it comes 

to us that the system should include other important components. For instance, a gate, a 

ventilation system, and a light appear necessary to make the system optimum. The gate is 

needed for the long product for example profile, beams etc. A light can be useful to better 

visibility of the process. A ventilation system is essential to remove the dust and smoke made 

by marking process. The material of the system should be noise isolating.  

 

 

 

 

 

 

 

 

 

 

1. The system can treat a long product 
  
2. Initial conditions 

The system is unloaded 
                      The machine is turned off 

3. Operator           The system      The Laser Head      The product 

The operator open the 
side gate 

   

 The side gate is opened   

The operator loads the 
machine 

   

   The product takes place 

The operator turn on the 
machine 

   

4. Ending conditions:  
The system is working 
The machine is loaded 

 
5. Notes 
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After developing the operational descriptions, we will record these details in the 

context matrix.  

Table 12: Context Matrix after the use cases 

 

 After the context matrix, the originating requirements should be established to define 

properly the Functional Requirements. 

 

 

 

  
Customer  

 
Operator 

 
System 

 
Cabin 

 
Laser 
Handling 

 
Laser 
Head 

Switch 
off  
system 

 
Product 

 
Customer 
  

   
Needs 

     

 
Operator 
 

  Works 
with 
 

 Adjusts   Loads 

 
System   
 

Satisfies Safe for  Consist 
of 

Consist of Consist of Consist 
of 

 

 
Cabin 
 

  Part of   
 

 
Surrounds 

 
activates 

 

 
Laser 
Handling 

  Part of    
Holds 

 
 

 

 
Laser  
Head 

  Part of     
Stops by 

 

 
Switch off 

  Part of  
 

    

 
Product 
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The originating requirements (initial requirements identified by the owner as critical to 

the definition of the system) will be finalized by giving to them an abstract functional name 

and a number to facilitate references. These requirements help us to have a clear vision of the 

design. 

 Table 13: Finalized Originating Requirements 

 
Index 

 
            Finalized Originating Requirements 

 
Abstract Function name 

 
OR.1 

 
The protection system  has to follow the safety standards 

 
Safety 

 
OR.2 

 
The system should carry the laser head 

 
Structure 

 
OR.3 

 
The protection cabin should have switch off system 

 
Safety 

 
OR.4 

 
The operator can be able to see the marking process 

 
Observation 

 
OR.5 

 
The laser head should have adjustable position 

 
Movability 

 
OR.6 

 
The cabin should have side gate for long pieces  

 
Structure 

 
OR.7 

 
The price of the design material should be inexpensive 

 
Affordability 

 
OR.8 

 
The system should be dismountable 

 
Structure 

 
OR.9 
 

 
The system maintenance can be done by the operator 

 
Maintenance 
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5.2 Establishing the target specification and needs 

1. Measure the Customer Needs 

For measuring the target specifications, there is a need to measure the customer needs. The 

“Goal Questioning Matrix” method helps us to measuring these needs. By generating 

questions the GQM will be created in a quantitative way. 

Table 14: Goal Questioning Matrix 

 
Make the system safe 

• What is the criteria for safety 
 
 
 
• What is the level of the laser 

dangerousness 

IEC 60825-1, IEC 
60825-4, ISO 
11553 Standards 
 
Level 4 

 
Make the system reliable 

• How many hours system has to works 
 

• Material reliability  

8 hour per day 
 

Quality 

 
Make the system easy to use 
 

• To use the system, do the operator need 
training 

 

 
No 

 
Make a system inexpensive 

• How much do you want spend in the 
modernization? 
 

• How much the raw material cost 

SEK 
 

 
SEK 

 
Make the system repairable 
 

• How often system needs to be maintained? 
 

• Can the operator repair the system? 
 

Once per year 
 
 
Yes 

 

The goal questioning matrix helps us to see that not all the designing aspects have the same 

importance.  A weight has been given to the different designing aspects according to the 

customer needs. The “calculation of the customer aspects” table clarifies which aspects are 

more important. This table can be seen on the Appendix C Table 1. The “system protects the 

operator from the laser” and “system follows the standards” aspects are the most significant as 

it can be seen on the Figure 12. 
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2. Translate the customer needs into technical requirements: 

The customer needs have been translated into technical requirements confer Table 8. These 

requirements are needed for the "house of quality" technique which is one of the best tools for 

communication between design and engineering. It is a matrix approach for defining the 

relationship between customer desires and product characteristics.  The house of quality can 

be viewed in Appendix C, Figure 2.  

24% 

30% 
6% 

9% 

6% 

6% 

4% 

2% 
3% 4% 

6% 

Weight of the product objectives  
The system has to protect the operator from the 
laser 
Follow the safety standards 

The system has to absorb the noise of the 
machine  
The effeciency of the switch off system should 
be the same 
Reliable for day to day usage  

Simple understanding  for everyone  

Simple components 

Row material shouldn't be expensive 

Low maintenance cost 

Repleacement components  

Dismountable 

Figure 12: Weight of the product 
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Table 15: Rationalized System Requirement 

 

 

 

 

 

 

 

 

 
Index 

 
                   Rationalized System Requirements 

 
Engineering Function name 

 
OR.10 

 
Everyone can use the system  

 
Not complicated 

 
OR.11 

 
System should absorbed the noise 

 
Silent 

 
OR.12 

 
System shouldn’t take too much place 

 
Storage volume 

 
OR.13 

 
System should have the same accuracy   

 
Repetitive accuracy 

 
OR.14 

 
The handling system can carry 40kgs 

 
Mass capacity of the moving part 

 
OR.15 

 
System should consume less than 1000Watts 

 
Low energy needs 

 
OR.16 

 
The handling system should secure the laser head  

 
Handling safety 

 
OR.17 

 
System repairs cost inexpensive  

 
Repairable cost 

 
OR.18 

 
System material cost inexpensive 

 
Material cost 

 
OR.19 

 
The working time should be at least 10hrs/day  

 
High working time 

 
OR.20 

 
The switch off system turn off  the laser in 1 sec  

 
Switch off system accuracy 

 
OR.21 

 
The switch off system shouldn’t fail more 1time/5yrs 

 
Cycle failure of switch off system 

 
OR.22 

 
The opening of the cabin takes less than 2sec 

 
Easy opening 

 
OR.23 

 
The cabin should be durable  

 
Cabin life time 

 
OR.24 

 
The laser should have a moving range of 1meter  

 
Length range of moving part 
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5.3 Generating products concepts 

1. Discover the different concepts about the problem 

To discover the product concepts, there is a need to define the functional decomposition. We 

will decompose the system in its main function thanks to the system flow diagram. 

Firstly, the main function of the system will be clarify with the input and output material. 

 

Figure 13: System flow diagram 
The main function of the system is to protect the user from the laser  radiation and noise. 

After clarifying the input and output of the system, the system flow diagram is expanded by 

using the behavioral descriptions. This diagram will be designated as the specific system flow 

diagram. 

 

Figure 14: Specific system flow diagram 
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The product should be placed on the table. The position of this table needs to be adjusted by 

the operator. The operator also has to position the laser. After the adjustments, the operator 

can close the cabin and start the machine. Then, the laser will mark the product. 

After the specific flow diagram, the behavioral descriptions could be updated with the 

energy and information data. 

Table 16: Decompose function using abstract language 

 

1. The system mark the product  
  
2. Initial conditions 

The system is unloaded 
                      The machine is turned off 

3. Operator           The system      The Laser Head      The product 

The operator open the 
cabin 

   

 The cabin is opened   

The operator loads the 
machine 

   

   The product takes place 

The operator close the 
cabin 

   

 The cabin is closed   

The operator turn on the 
machine 

   

 The system accept external 
energy  

  

 The switch off mechanism is 
activated  

  

The operator program the 
marking 

   

 The system detect commands   

  The laser is started  

  The laser marks the 
product 

 

   The product is marked 

  The laser is stopped  

4. Ending conditions:  
The system stops 
The machine is unloaded 

 
5. Notes 
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3. Explore the Concepts 

After finding the functions of the system, a brainstorming is needed to list up the ideas which 

lead to generate concept fragments for each function. 

Table 17: Concept Fragments Generation 

 

 

Thanks to this brainstorming, we came up with some different concepts. A brief 

description of the concepts could be found in the Fragments for concept table. For all the 

concepts, the material chosen for the cabin is zinc coated steel 2 mm of thickness because it 

gives best resistance to laser radiation compare with the other material. Also for the 

observation window, the best alternative to filter the laser radiation is a green glass of acrylic 

material of 3.2 mm thickness.  

 

 

 

 

CABIN HANDLING 
Switch 
off  
System 

Observation 
window 

Material  Door 
opening 

Side 
gate 

Shape  Grabbing Moving 
system  

Sensor  Green  Stainless 
Steel 

Up Square  Cylinder 
profile 

Clamp Router  

Switch  Blue  Zinc 
coated 
steel 

Down Round  Square   
profile 

Magnet  Sliding 
wheel  

 Yellow  Aluminum 1 side 
sliding 

Sliding  L profile  Plier   

 Red  Chrome 2 side 
sliding 

 T profile Hook   

 Acrylic 
material 

 1 side 
usual 
door 

 U  profile Screw   

 3.2 mm 
Thickness  

 2 side 
usual 
door 

 I  profile   

 5 mm 
Thickness 
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Table 18: Fragments for Concepts 1 

 

Figure 15: Concept 1 
 

This concept consists of a cabin which surrounds the whole machine. This allows an easy 

manipulation and an easy maintenance. The cabin requires a simple installation. The laser is 

hold by a beam (square profile); it can slide back and forward. This feature allows working on 

both tables. For the marking of long pieces, a side gate is present.  

 

 

CABIN HANDLING 
Switch 
off  
System 

Observation 
window 

Material  Door 
opening 

Side gate Shape  Grabbing Moving 
system  

Switch _Green   
 
_Acrylic 
material 
 
_ 3.2mm 
Thickness 

Zinc 
coated 
steel 

2 side 
usual 
door 

Square  Square   
profile 

Screw Sliding 
wheel  
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Table 19: Fragments for Concepts 2 

 

Figure 16: Concept 2 
This concept consists of a cabin which is placed on the big table. The cabin requires a simple 

installation. The laser is carried by the cabin. It cannot move, then, the product should place 

according to the laser position. For the marking of long pieces, a side gate is present.   

 

 

CABIN HANDLING 
Switch 
off  
system 

Observation 
window 

Material  Door 
opening 

Side gate Shape  Grabbing Moving 
system  

Switch _Green   
 
_Acrylic 
material 
 
_ 3.2mm 
Thickness 

Zinc 
coated 
steel 

1 side  
sliding 

_Square  
 
_Sliding 
in 

 Screw  
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Table 20: Fragments for Concepts 2 

 

Figure 17: Concept 3 
 

This concept consists of a cabin which surrounds the both tables. This allows an easy 

adjustment of the laser head. The cabin requires a simple installation. The laser is hold by 

grooves which can make it slide back and forward along a profile. This feature allows 

working on both tables. For the marking of long pieces, a side gate is present.    

 

CABIN HANDLING 
Switch 
off  
System 

Observation 
window 

Material  Door 
opening 

Side gate Shape  Grabbing Moving 
system  

Switch _Green   
 
_Acrylic 
material 
 
_ 3.2mm 
Thickness 

Zinc 
coated 
steel 

Up Square   Groove Sliding 
wheel  
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 5.4 Selecting and Optimizing the Product Concepts 

1. Selecting the Concept 

In order to choose one of the concepts which were defined previously, we will make a 

comparison according to the Pugh diagram. The concepts will be judged considering some 

criteria. These criteria were defined in the house of quality as the customer objectives. 

                             Table 21: Pugh matrix with concept rating 

 

 

                                                      

 

 

 

 

 

 

To clarify the results above, a scoring and ranking according to the weight of the costumer 
requirement is needed.  

 

 

 

 

 

 

 

 

 

 

Concept 
Selection 
 

C
on

ce
pt

 1
  

   
 ( 

Fo
r w

ho
le

 
m
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hi

ne
 ) 

C
on

ce
pt

 2
   

   
( F

or
 o

ne
 

ta
bl

e 
) 

C
on

ce
pt

 3
   

   
( F

or
 tw

o 
ta

bl
es

 ) 

Criteria 
 
User safety 5 5 5 
Noise absorption   4 3 3 
Reliability  3 4 4 
Easy to use 5 4 5 
Affordability  3 5 5 
Maintainability  3 4 4 
Dismountable 3 4 5 
Total 26 29 31 

1: Really bad 

2: Bad 

3: Good 

4: Very good 

5: Excellent 
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Table 22: Pugh matrix with scoring 

 
Attribute name 
 

 
Weight 

 
Concept 1      
( For whole machine) 

 
Concept 2      
( For one table ) 

 
Concept 3      
( For two tables ) 

  Rating Weighted 
score 

Rating Weighted 
score 

Rating Weighted 
score 

User safety 0,54 5 2,7 5 2,7 5 2,7 
Noise absorption   0,06 4 0,24 3 0,18 3 0,18 
Reliability 0,15 3 0,45 4 0,6 4 0,6 
Easy to use 0,10 5 0,5 4 0,4 5 0,5 

Affordability 0,05 3 0,15 5 0,25 5 0,25 
Maintainability 0,04 3 0,12 4 0,16 4 0,16 

Dismountable 0,6 3 1,8 4 2,4 5 3,0 

 
Rank 

 
 

  
5,96 

  
6,69 

  
7,39 

 

From the table placed above, it is noticed that the concept 3 (for two tables) appear as the best 

design according to the costumer requirement.  

Besides, the three concepts were presented to the customer. Their comment confirms that the 

concept 3 (for two tables) is the best option. 

Therefore we decided to continue the development of concept 3. 

2. Optimizing the Concept 

After that the final concept has been chosen, we have to think about some optimization that 

should be done for this final design. 

The material that will be chosen is Zinc Coated, 2mm of thickness. For reason of rigidity and 

stability, there is a need to find a solution for the structure of this cabin.  For our project, a 

bent structure appears as the best solution for reason of simple manufacture and light weight. 

Each component of the cabin is bent: roof plate, side plates and back plate. The roof plate is 

bent in order to carry lamp and the laser beam. The back plate is bent to be mounted on the 

machine body. 
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Figure 18: Construction concept  
 

The last version of the protection cabin follows all the standard safety requirements and also 

all customer requirements.  

 

Figure 19: Final Concept 
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The comment from the company was to provide two side gates for marking of the long 

pieces. These side gates door should support heavy product acting as an external table. It can 

open only 90 degrees. This sides gates are made with 2mm Zinc Coated and 3 mm Aluminum 

superposed. The lock of the side allows closing it. 

 

 
 

 

 

 

 

 

             Figure 20: Side gate 
 

The door is made 2 mm of zinc coated steel and has a bend structure. Two aliminunium plate 

of 8 mm thickneess are superposed  to the door. There is also handling to open/close the door 

of the cabin. Incorporated to this door, there is also two  windows to observe  the marking 

process.  

                           
Figure 21: Door 
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Switch off system consist of two parts. The main part fixed on the cabin and the other 

part is fixed on the door. The system shut down the laser when these two components are 

apart from each other. For our project we have choose the SI-QS75 model form the Tektron 

Company. 

 

Figure 22: Switch off system 
 

Another option of optimizing the concept is to add a lamp to the design. This lamp can be 

placed on the top of the cabin. For our project, we have chosen the PARI IP44 model from the 

Molto Luce Company.  

 

Figure 23: Lamp 
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The laser head should be adjustable by the operator manually. The utilization of a 

profile might be the best option for moving system. For our project we have choose the 

70x40x4 model of the profile. An object with same shape than the profile will grab the laser 

head. This object can slide along the profile. The position of the laser head has to be secured.   

 

Figure 24: Moving system 

A control system beam is provided. On this beam, there is a light on/off button which turns 

on/off the lamp, a start/stop button which turns on /off the laser, a reset button and a key 

control. 

    

Figure 25: Control system 
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The CAD drawings of the cabin parts can be viewed in the Appendix D.
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5.5 Architecting the design 

1. Behavior of the system in use  

At this stage of the project, we need to develop a complete understanding of each concept 

subsystem and how it interacts with other subsystem. For doing this, the concept will be 

divided in several subsystems. The relationship between these subsystems will be established.  

 

Figure 26: Subsystems description 
 

The concept consists of three subsystems. These are the Handling System for laser head, the 

Marking System (which consist of the laser head) and the Safety System for the operators. 

These subsystems also can be divided into other subsystem according their function. Firstly, 

the Handling System is constituted by a Moving System which allows the movement of the 

laser head and a Grabbing System which is holding it. The Marking System is divided in three 

subsystems which are the Laser Head, the Lighting System and the side gates. The safety 

system is composed of the Observation Window which allows the following of the process 

safely and the Switch System which can turn off the laser when the door is opened. 

Some of these subsystems are linked to each other. The following figure shows these 

relationships. 
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Figure 27: Subsystems Relationship 
 

It can be seen that the markıng system is the center of the relationships. The Moving System, 

Grabbing System, Switch off System and Observation Window are directly dealing with the 

Laser Head. 

2. Functional control of the system in use 

Still in view to understand the function of the subsystems, there is a need to clarify their 

behaviors. The Operational Description Template (ODT) will be our technique to describe 

each subsystem behaviors’ in details. The ODT can be viewed in Appendix E Table. 

This ODT help us to establish “functional requirements by subsystem” table which shows the 
function of each subsystem.  

Table 23: Functional requirements by subsystem. 

Cabin 

Handling  System Typing System Safety System 
The system shall move the laser 
head  
  

The system shall accept external 
energy  

The system shall turn off  the 
laser  
 

The system shall hold the laser 
head  
 

The system shall be able to type 
long pieces  
 

The system shall allow the 
observation  of the process  
 

The system shall secure the 
laser head position 
 

The system shall be able to 
support long pieces 
 

 

 
  

The system shall lighten the 
typing area 
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From the Table 23, a list of functional requirement for the system came up. The requirements 
of this list are directly derived from the Finalized Originating Requirements (initial 
requirements identified by the owner as critical to the definition of the system). 

Table 24: Derived Functional Requirement 

Index  Derived functional requirements   Function Name  Derived from 
DR.1 The system shall move the laser head  

  
Move  OR.5 

DR.2 The system shall hold the laser head  
 

Hold OR.2 

DR.3 The system shall secure the laser head position 
 

Secure  OR.15 
 

DR.4 The system shall accept external energy  
 

Accept energy   

DR.5 The system shall be able to type long pieces  
 

Type long pieces  
 

OR.6 
 

DR.6 The system shall be able to support long pieces 
 

Support long pieces OR.6 
 

DR.7 The system shall lighten the typing area 
 

Lighten  

DR.8 The system shall turn off  the laser  
 

Command  OR.3 

DR.9 The system shall allow the observation  of the process  
 

Observe OR.4 

 

3. Structure of the system in use: 

In this part of the report, the cost of the final concept is roughly estimated. The material of the 

protection cabin body is zinc coated steel, 2mm thickness. The other components are lamp, 

holding laser beam, observation windows glass... The roughly cost calculation of the system 

can be seen on the Table 25.  
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 Protection cabin  Raw material  
Description  

Unit of 
measure  

Estimated 
quantity per cabin  

Material cost 
per unit  

Material cost per 
cabin 

subtotals Subsystem 
totals 

System 
total 

 Handling 
system  

       36 Sek  

 Moving 
system  

Beam Aluminium Kg 2,15Kg 12,1sek 26 Sek 26 Sek   

 Grabbing 
system 

Object Aluminium Kg 0,61Kg 12,1sek 8 Sek 8 Sek   

 Typing system           
 Lightening 

system 
Lamp  Count  1 

 
 

   60 Sek  

 Side gates Lock  Steel Count  2 10 20 20   
  Hinge Steel Count  4 10 40 40   
 Safety system         7562 Sek  
 Windows  Glass  Acrylic Unit  (915x610x3,2mm

)  
7482 Sek 7482 Sek    

 Switch off 
system  

Interloc
k  

 Count  1 80 80    

 Control system           
 Body         1000 Sek  
 Cabin Zinc coated  Kg 28,3 Kg 11 Sek 312 Sek 312 Sek   
 Door Zinc coated  Kg 7,3 Kg  11 Sek  81 Sek 81 Sek   

Aluminium  Kg 7,8 Kg 25 Sek 390 Sek 390 Sek   
 Sides 

gates  
Zinc coated  Kg 1,060 Kg 11 Sek 12 *2 = 24 Sek 24 Sek   
Aluminium  Kg 0,73 Kg 25 Sek 19 Sek 19 Sek   

 control 
beam 

Zinc coated  Kg 13,7Kg 11 Sek 151Sek 151 Sek   

         ≈ 8700 Sek 

Table 25: Bill of materials 
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5.6 Validating the design 

Validating is performed in two steps. The first one is to make a test plan to measure in which 

way the new design fulfills its customer needs. The second step is to perform a failure mode 

effect and critical analysis (FMECA) to define the part of the system which has the highest 

risk for failure. 

1. Test plan generation 

Base on the requirements which are previously done on the project, the design process will be 

developed by doing test plan. 

When the product or system has been designed, there will be a test to analyze failures and to 

improve the design. The mark of a systems approach to design is to develop the test plan early 

and to base the tests on the originating requirements.  

Test procedure will be developed by the operational description templates (ODTs) which will 

be improved by adding ‘’expected result ‘’ and ‘’actual result’’ part on the ODT. 

Test plan is a listing of the test procedures together with a summary of the test facilities 

required and the entry and exit conditions for each test.  Test plan for our concept can found 

in the Appendix F.
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Table 26: Test Procedure 

Test 
number Test method Test facilities Entry Condition Exit condition 

TP.1 Test Procedure: the 
system stores or 
accepts external 

energy 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

integration of the 
energy storage 

after instruction, the 
system able to 
accept external 

energy 
TP.2 Test Procedure: the 

laser head  moves 
 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

Complete 
prototype 

after user 
manipulation, the 

laser head changes 
position 

TP.3 Test procedure: the 
system holds the laser 

head 
 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

Complete 
prototype 

after user 
manipulation, The  

laser head is hold by 
the system  

TP.4 Test Procedure: the 
system secure the laser 

head position 
 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

Complete 
prototype 

after user 
manipulation, The  

laser head is secured 
in position 

TP.5 Test Procedure: the 
system able to type 

long pieces 
 
 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

Complete 
prototype 

after user 
manipulation, long 
piece takes place in 

the system.  

TP.6 Test Procedure: The 
system able to support 

long pieces 
 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

Complete 
prototype 

after user 
manipulation, The  
system carries long 

piece 
TP.7 Test Procedure: The 

system lightens the 
typing area 

 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

integration of the 
energy storage, 

Complete 
prototype 

after instruction, The 
typing area is 

lightened by the 
system 

TP.8 Test Procedure: The 
system  turn off  the 

laser 
 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

integration of the 
energy storage, 

Complete 
prototype 

after user 
manipulation, The  

laser is turned off by 
the system   

TP.9 Test Procedure: The 
system allow the 

observation  of the 
process 

 

1. Computer for laser programs 
2. Deckel GK 21 body machine 
3. Fire extinguishers for safety 

4. Barriers for safety 

Complete 
prototype 

 The  process is seen 
by the user  
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2. FMECA analysis 

By doing failure mode effects and critical analysis for our design, it can be seen which part is 

the most affected part on the concept. Firstly the components on the machine are selected 

which are shown on the FMECA table.  Then failure type, effect of the failure and failure 

reason on these machine parts are observed. To have some numerical value about machine 

parts we have some reasonable estimation about; severity of failure, probability of occurrence 

of failure and likelihood of detection the failure.  We did this estimation by using severity of 

failure, probability of occurrence of failure and likelihood of detection the failure tables on the 

theory part. Lastly we calculate each items risk priority number (RPN) by multiply; severity 

of failure x probability of occurrence of failure x likelihood of detection the failure. See Table 

27 on the next page for the full FMECA table. 
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Table 28: FMECA analysis 
Customer 
Maskinteknik AB 

Issued by:     
Project Group 
Ahmet AZMAN & 
Sabra MERADI 

Detail name: 
Development of an existing engraving machine 
by designing a protection cabin for laser 
marking  

Detail nr.  Design-
FMECA 

 

x 
Project  Leader: 
 

Date: 
 
 

 
 
 

Follow-up: Date: Remarks   Process-
FMECA 

 

 
Part nr 

 
Component 

 
Function 

 
Possible failure 

 
Failure effect 

 
Failure reason 

 
Probability of  
occurrence of 
failure 

 
Severity of 
failure 

 
Likelihood of 
detecting the 
failure 

 
Risk Priority 
Number 
RPN 

 

1. Door 
 

Safety 
 

 
Not close 

 

No typing  
 

Danger for the 
operator 

  Excessive Load 
Bad Material 

3 7 1 21 

 

2. Side gates 

   - Facilitation of 
typing long piece 
    - Supports the 
piece 

      Broken 
Detach 

No typing of long 
piece 

Excessive Load 3 
 
6 
 

2 36 

 

3. Switch off 
 

-Safety 
 

Broken 
Danger for the 

operator 
Bad maintenance 

Bad Material 
3 9 4 108 

 

4. Light 
-Facilitation of 

process 
Broken Bad lighten 

Bad Material 
Electricity 

4 4 2 32 
 

5. 
Observation 

window 

-Safety 
-Facilitation of 

process 

Lose its 
facility 

No typing 
 

Danger for the 
operator 

Bad Material 
Wrong 

application 
2 9 3 72 

 

7. Laser Handling 
 -Holding the laser 
-Moving the laser 

Cannot moved 
the laser 

No typing Bad Material 3 5 1 15 
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As it seen from the FMECA table the most important components are switch off system and 

observation window. These components are related to the operator safety while typing 

process. Others components are also important such as, laser handling, door, side gates but 

not as the switch off and observation window.  
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6. Result 

According to do customer requirements, three different protection cabin concepts have 

been designed for the Deckel GK 21 machine body. The concepts have been evaluated by 

Pugh matrix considering some criteria. After rating the concepts for each criterion on Pugh 

diagram shows that the concept 3 (for 2 tables) is the best one for the customer. The 

optimization is done according to the customer comments and the standards after 

determination the actual concept. The final concept can be seen in Figure 29. 

 

Figure 28: Final Concept 
 

The final concept is surrounding the both table and allows using both of them for 

marking. The final concept has large door and two observation windows on it to follow the 

whole process. There are two side gates at the both side of the protection cabin to give ability 

to mark long pieces. The materials and thickness’ of the protection cabin component designed 

considering the laser safety standards. The laser head which has been provided from the 

company, placed on the roof of the cabin and it can be moved from one table to another. The 

control panel of the laser placed just front of the cabin to reach it easily. The maintenance of 

the protection cabin and laser can be done easily because the cabin has large working area and 

most of the component can be demountable. 
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7. Conclusion 

To conclude this project, we can say that our objectives were reached, especially the 

design conception of a protection cabin for our client, Maskinteknik i Oskarshamn AB. This 

cabin was specially designed to protect the operators from the radiation of a Class 4 laser, 

which is extremely dangerous for the eyes and the skin. The client wished that this laser be 

combined to an engraving machine, the Deckel GK 21 to modernize it. Researches were done 

concerning lasers and the safety laser requirements. These requirements were figured out in 

IEC and ISO Standards, and were observed to have a design concept suitable for the 

legislation. The students managed to unite their forces to have a final design as good as 

possible. The good achievement of this project was based on the listening of customer needs 

and also on the advices and feedbacks of our supervisors.    
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9. APPENDIX 

Appendix A:  Damage resistance of the different material from the IEC 60825-4 Standard 
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Appendix B: General specification and features for Laser Head PQS-5W 
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Appendix C: Calculation of the customer aspects & House of Quality                                                                     Number of Page: 2 

 Make the system safe Make the system 
reliable 

Make the system easy to 
use 
 

Make a system 
inexpensive 
 

Make the system 
repairable 
 

  
0,60 

 
0,15 

 
0,10 

 
0,05 

 
0,10 

 The 
system 
has to 
protect 
the 
operator 
from the 
laser 
 

Follow 
the safety 
standard 
 

The 
system 
has to 
absorb 
the noise 
of the 
machine 

The 
efficienc
y of the 
switch 
off 
system 
should be 
same  
 

Reliable 
for day to 
day 
usage 

Simple 
understandin
g for 
everyone 
 

Simple 
component
s 
 

Raw 
materials 
shouldn’t 
be 
expensiv
e 
 

Low 
maintenanc
e cost 

Replacemen
t 
components 
  

Dismountabl
e 

  
0,40 

 
0,50 

 
0,10 

        

     
0,60 

 
0,40 

      

       
0,60 

 
0,40 

    

         
0,50 

 
0,50 

  

           
0,40 

 
0,60 

 
Formul
a  

0,60*0,4
0 

0,60*0,5
0 

0,60*0,1
0 

0,15*0,6
0 

0,15*0,4
0 

0,10*0,60 0,10*0,40 0,05*0,5
0 

0,05*0,50 0, 10*0,40 0, 10*0,60 

Results 0,24 0,30 0,06 0,09 0,06 0,06 0,04 0,025 0,025 0,04 0,06 
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House of Quality 
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Appendix D: Cad Drawings of the Detailed Design     Number of Page: 26 
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CABIN 

Operator Handling System Typing System Safety System Product State  
The operator open the cabin      
     door opened 

unloaded 
Switch off system  inactivated 
unsecured Position 
laser turned off 

The operator loads the machine      
  The product takes 

place 
   

     door opened 
loaded 
Switch off system   inactivated 
unsecured Position 
laser turned off 

The operator close the cabin      
     door closed 

loaded 
Switch off system   inactivated 
unsecured Position 
laser turned off 

The operator turn on the 
machine 

     

   The switch off 
mechanism is activated 

  

     door closed 
loaded 
Switch off system   activated 
unsecured Position 

Appendix E:  Operational Description template 

 

Number of page:  2 

 

1(2) 



 

2 
 

 

 

 

 

 

 

 

 

 

 

laser turned off 
 

The operator program the 
marking 

     

  The laser is started    
     door closed 

loaded 
Switch off system   activated 
unsecured Position 
laser turned on 

  The laser marks the 
product 

   

    The product is marked  
  The laser is stopped    
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CABIN 

Operator Handling 
System 

Typing 
System Safety System Product State  Expected  

Results 
Actual  
Results 

The operator open the 
cabin 

       

     door opened 
unloaded 
Switch off system  
inactivated 
unsecured Position 
laser turned off 

  

The operator loads the 
machine 

       

  The product 
takes place 

     

     door opened 
loaded 
Switch off system   
inactivated 
unsecured Position 
laser turned off 

  

The operator close the 
cabin 

       

     door closed 
loaded 
Switch off system   
inactivated 
unsecured Position 
laser turned off 

  

The operator turn on 
the machine 

       

Energy transfer        

Appendix F: Test Plan Tables 
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(“energy in”) 
  The system 

shall store or 
accept external 
energy 

        Observe that the 
system stores or 
accepts external 
energy 

 

   The switch off 
mechanism is 
activated 

    

     door closed 
loaded 
Switch off system   
activated 
unsecured Position 
laser turned off 

  

The operator program 
the marking 

       

  The laser is 
started 

     

     door closed 
loaded 
Switch off system   
activated 
unsecured Position 
laser turned on 

  

  The laser 
marks the 
product 

     

    The product is 
marked 

   

  The laser is 
stopped 
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CABIN 

Operator Handling 
System 

Typing 
System Safety System Product State   Expected  

 Results 
Actual 
Results 

The operator open the 
cabin 

    door opened 
loaded 
Switch off system  
activated 
secured Position 
laser turned on 

  

Information transfer 
(“cabin opened”) 

       

  Laser is 
marking 

     

   The switch off 
system turn off 
the laser 

    

  The system 
shall turn off  
the laser 

   Observe that the 
system turns off the 
laser  

 

   
The laser is 
turned off 

  door opened 
loaded 
Switch off system  
activated 
secured Position 
laser turned off 
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CABIN 

Operator Handling 
System 

Typing 
System Safety System Product State    

The operator open the 
cabin 

    door opened 
loaded 
Switch off system  inactivated 
unsecured Position 
laser turned off 

  

The operator change 
the position of the 
laser 

       

  the laser 
head  shall 

move 
 

   Observe that 
the laser head 
is moving  

 

The operator secure 
the position of the 
laser 

       

  the system 
shall secure 

the laser 
head position 

 

   Observe that 
the laser head 
is secured 

 

   
 

  door opened 
loaded 
Switch off system  inactivated 
secured Position 
laser turned off 

  

4(6) 
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CABIN 

Operator Handling 
System Typing System Safety 

System Product State    

The operator open the 
side gates 

       

     Side gates opened 
unloaded 
Switch off system  inactivated 
unsecured Position 
laser turned off 

  

The operator loads the 
machine with long 
piece 

       

  The product takes 
place 

     

  The system shall 
be able to 
support long 
pieces 

     Observe that the 
system supports long 
pieces 

 

     Side gates opened 
loaded 
Switch off system   inactivated 
unsecured Position 
laser turned off 

  

The operator close the  
Side gates 

       

     Side gates  closed 
loaded 
Switch off system   inactivated 
unsecured Position 
laser turned off 

  

The operator turn on        
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the machine 
Energy transfer 
(“energy in”) 

       

  The system shall 
store or accept 
external energy 

        Observe that the 
system stores or 
accepts external 
energy 

 

   The switch 
off 
mechanism is 
activated 

    

     Side gates  closed 
loaded 
Switch off system   activated 
unsecured Position 
laser turned off 

  

The operator program 
the marking 

       

  The laser is started      
     Side gates closed 

loaded 
Switch off system   activated 
unsecured Position 
laser turned on 

  

  the system shall 
be able to type 
long pieces 

   Observe that the 
system types long 
piece. 

 

  The laser marks 
the product 

     

    The product is 
marked 

   

  The laser is 
stopped 

     

6(6) 
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