


Abstract
One of the largest product categories within all the electronic products is portable 
 computers, also known as notebooks, is slowly replacing stationary computers and 
is  predicted to be the mainstream choice in the near future. But the current state of 
 notebook shows these products are not accommodated for an effective large scale 
 recycling process. As the notebooks are becoming more compact, its inner  structures 
have become more complicated. Permanently fastening methods, multi-material 
 compositions and many other factors contribute to an ineffective, expensive and tedious 
recycling process. 

The goal of the project treated in this report was to investigate the possibilities of a 
simplified structure adapted for an effective disassembly and recycling process. And to 
develop a conceptual notebook adapted for the stated purpose.  

The project resulted in a conceptual notebook named Sixten with an enhanced and 
 simplified inner structure. All permanently fastening methods was replaced by  detachable 
locking and securing devices. The number of tools required for dismantling was reduced, 
as the usage of screws. The variation of materials used in the notebook, with  electrical 
components apart, is low. These materials, ABS plastics and aluminum were chosen 
based on their recyclable and processing possibilities. But also because of the durability 
and desired mechanical properties the structure required. The limited number of mate-
rials used in Sixten makes it environmentally beneficial since every material  requires its 
own specific recycling process, and by reducing the number of materials energy can be 
saved on using only a few recycling methods. 

Sixten fulfills the principals of design for disassembly as a notebook that is easy to 
 disassemble in comparison with notebooks on the market today. The disassembly time 
has been reduced, from the 45 minutes which may be required to fully disassemble a 
conventional notebook, down to an estimated disassembly time of 6 minutes, which is 
the time Sixten requires. It is in this short disassembly time where the economic benefits 
of Sixten lie. 
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In a modern society, the production of new items is expanding with an extremely 
fast speed, in order to keep up with the constant growing demand from the users. 

The structure of a conventional notebook is today a rather complicated matter. It 
does usually consist of several different kinds of materials and even more parts 
and screws. This is an aspect that does not affect the everyday user of the product, 
but how about the afterlife of it? How about the recycling process?  How does the 
 complex structure of a conventional notebook affect the recycling process, concern-
ing dismantling of the product and handling of materials?

One of the largest downsides of the growing demand, production and consumption 
is the waste contamination, which is causing serious environmental problem. At the 
current rate of which people consume and replaces their old products with new 
ones, more effort needs to be put into the research field of sustainable disassembly 
methods. Resulting in methods and guidelines concerning simplified and effective 
disassembling which can be applied to future products. 

The waste of a modern product is consisted of many valuable and often non renew-
able materials such as gold, silver copper. If these can be recycled and reused in 
an appropriate way it could ease the environmental problem. But since everyday 
products are designed to withstand the challenges of time and everyday usage, the 
structure is often complicated and compact, which makes the separation and sort-
ing of materials a complicated matter.   

Geoff Boothroyd from the University of Massachusetts worked to improve the 
 manufacturing and assembling process, which resulted in concepts known as  design 
for assembly and design for manufacture [DFA]. These concepts are principally driv-
en by economic consideration, they made the manufacturing and assembling pro-
cess more effective, this allows a higher production rate. [R. Bogue, 2007] 

Shivakumar Viswanathan states in his paper: A framework for the flexible group-
ing of products for disassembly [1999] that it is through selective and systematic 
 disassembly, that a product can be released for further use or safe disposal. 

Design for disassembly is a concept with focus on making product architec-
tures which allow easy disassembly at the end of its life. It optimizes the reuse, 
 remanufacturing, or recycling of materials, components and sub-assemblies. 

1 Introduction
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1.1 Micro Star International 
Micro Star International, or MSI, is a Taiwan based company which manufactures 
computers and computer components. Their main category of products is mother-
boards and video cards for computers but they also produce notebooks, expansion 
cards and servers among other things. The company was founded in 1986 and has 
today retailing in over 120 countries and 150 million main board users in the world.  
[MSI 2011]

1.2  The project
A major part of the project that is treated in this report was conducted on site at 
Micro Star internationals ID department at the headquarter office in Taipei, Tai-
wan. Some parts of the report will therefore concern the collaboration, support and 
 supervising from and with mainly industrial designers at the ID department. Other 
department such as the notebook developing team also contributed it own part to 
the project. 

The purpose of this project was to develop a conceptual notebook designed with 
focus on simple and effective dismantling. This should be achieved without compro-
mising with the usability and functions found on a conventional notebook.  

Figure 1. Logo of Micro Star International. [MSI 2011]
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Advanced electronic products do usually consist of many smaller components. 
These components are normally constructed in a variety of different materials. This 
makes the whole product a complex multi material creation. The main problem 
with this occurs when it is time to recycle that specific product, since all these differ-
ent materials will have to be sorted and handled in their own special way.

Many manufacturers today are trying to relive the situation by using more envi-
ronmental friendly materials, such as renewable materials. But the critical factor 
that most of the manufacturers miss is no matter how tiny the material’s impact on 
 environment is, the efforts will all be in vein as long as a effective disassembly pro-
cess doesn’t take place when the product reaches the end of it lifetime.

In order to recycle and reuse materials, a disassembly of the original products has to 
take place so that useful parts and different materials can be sorted. Since products 
that are to be used by consumers every day are designed and constructed to with-
stand the challenges it will face in form of every day usage, such as drop, vibrations 
and many others. This makes the whole recycling process even more complicated. 

According to IT research [2008] the number of notebooks sold in Sweden each year 
can be estimated to approximately 1 million units. This means that the rate of which 
people in Sweden updates and replaces their old computers is fairly high and that 
the amount of notebooks being turned into waste is big. Even the slightest improve-
ments in a notebooks structure which contribute to a simplified disassembly struc-
ture can be of great value when considering the number of notebooks which has to 
be disassembled and recycled each year. 

Different kinds of products demand different kinds of disassembly methods. And de-
pending on how complex a product is the disassembly process may require  different 
approaches and methods. 

2.1  Product categories 

Luttropp [1997] identifies five different categories of products with different struc-
ture designs that demand different kinds of disassembly methods.

2 Background
• The hamburger design

Typical products: Mobile telephones, Toy cars and home electronics. 
These products consist of two halves often made of plastics which locks in 
and holds the whole interior and all the electronics. 

• The shell design
Typical products: Flashlight, Electrical toothbrush and Fuel tank.
The casings of these kind products have a closed shell structure with a smaller 
en-trance than the main overall product dimension. 

 
• The Rod design

Typical products: Screwdrivers, Pipes for water and TV-antennas. 
These products are made by one or several pieces of the same homogenous 
material that connect  to each other. 

• The Twin design
Typical products: Water taps, Water closets and Works of a clock. These are 
products which are a combination of two precious materials or components held 
together with a clean connection surface. 

• The Dressed design
Typical products: Toasters, Computers and Audio equipment. 
These products are characterized by a platform on which almost all components 
are mounted and around this platform there is a cover piece acting as protection 
with usually no function at all. 

As mentioned earlier all these different categories of structures demands different 
kinds of dismantling methods. These methods is of different complexity, some de-
mand more effort than others.

The product category of notebooks, which is mainly treated in this report, is often 
identified as products with a hamburger design. This means that they are products 
which consist of two concealing parts that both hold and lock an inner structure and 
the electric components inside.  



3

2.2  Design for disassembly
Recycling means in wide terms to make further use of waste products, unlike the 
term Reuse, recycling means to put the materials and part of a product back to 
its original state or as far as it can go. Some materials can be recycled and reused 
as a raw material for production of a new product such as metals, while there are 
materials like thermosetting plastics which are not possible recycle, these materials 
will be separated from the product and put directly into reuse. [Hågeryd, Björklund, 
Lenner 2002] But before any reuse is possible, waste products must be separated 
sorted and transformed into flows of materials and waste products must be sepa-
rated. [Luttropp 1997]

Design for disassembly or DFD is mostly thought of design efforts in order to prepare 
the products for later separation of subassemblies and materials. [Luttropp 1997]
By focusing on the dismantling and recycle process already during the product de-
velopment process and designing these products so that they are well adapted for 
a dismantling and waste handling. A product that is well prepared for a dismantling 
and recycling process will be a lot easier to handle when it comes to taking care of 
the materials that it consists of.  

Norrblom [2000] states a list of a few guidelines on how a product that is well 
 adapted for disassembling should be designed.   

• The product should possess a simple and visual disassembly structure. 

• The product should be able to be disassembled by the use of a minimal   
 number of standard tools. 

• The product should be constructed by a minimal number of parts.

• Avoid the usage of glue or similar methods when combining different   
 parts. 

• All disassembling should be achievable from only one reachable position. 

It is preferred that a product is constructed and designed so that a disassembling is 
not necessary for recycling. But if a disassembly is needed then the product should 
be designed in such a way that it fulfills the features listed above. [Norrblom 2000] 

2.3 Producer responsibility
Producer responsibility is a law stating in wide terms that the producer and manu-
facturer of a specific product also is responsible for the later recovery and recycling 
of it, when it has fulfilled its purpose. This is a law that in Sweden has been applied 
to a number of different categories of products, such as: tires, batteries, packaging 
and electronic devices. [Naturvårdsverket 2011]

A law of producer responsibility concerning computers was declared in the year 
1998 in Taiwan, this later led to the establishing of five recycling plants within the 
country. [Ching-Hwa Lee 2004]

Products which are cheap and easy to disassemble and to recycle should there-
fore be every electronic device producing companies interest, since they contrib-
ute to making the effort needed for the fulfillment of their producers responsibility 
easier. This would lead to economical benefits trough lesser contribution to their 
 producers’ responsibility. 



The reason why notebooks are not being recycled in a large scale is mainly because of 
the complexity in the structures of modern notebooks. A scientific study  conducted 
by a collaboration between an American and a Finnish university showed it required 
three untrained persons, using three different tools, by 121 steps to be able to fully 
dismantle a notebook in 45 minutes. [Autodesk 2011] The result was not promising, 
as it suggests an expensive and non sustainable dismantling process. Without an 
effective dismantling process, the notebooks will never reach the recycling process, 
which is the stage after dismantling process.

3.1 Notebook dismantling
In order to fully understand the complexity of a notebook disassembly, and to verify 
the result which had been reported by the American and Finnish university study, 
some disassembly tests were conducted.  

In the following section concerning the notebook dismantling test the different sur-
faces will be referred to with the following letters: A, B, C and D. Clarification and 
explanation of these surfaces can be seen in figure 2.

3 Exploratory phase
In order to get a view of how different notebooks can and are supposed to be dis-
mantled a series of tests were conducted. 

The notebook dismantling was conducted to answer the following questions: 

• In what specific order does this notebook have to be dismantled?
• How many steps does the whole process include?
• How long time would it take to dismantle the whole notebook?
• How many parts does it consist of?
• How are these parts connected to each other?
• Which tools does it require?

[Otto & Wood 2001]

Three different types of notebooks were examined and dismantled in these tests in 
order to see how the structure of different notebooks differs, and how that affects 
the dismantling procedure. 

The different notebook models which were dismantled and studied were: MSI 
SVART, MSI Mega book S270 and MSI Mega book M5100. A more fundamental 
 description of the disassembly procedure and the three test notebooks can be 
found in appendix 1.  

3.1.1 Notebook dismantling conclusion
The dismantling tests showed that the amount of time required for a complete 
notebook dismantling for the dismantling operator without an earlier experience 
with the notebook used in the test, is between 30-45 minutes. This process requires 
many detail actions such as the loosening of small screws which can be really hard 
to locate since there are no standard locations for them. The dismantling of all three 
notebooks was conducted with the usage of only one tool, an ordinary screwdriv-
er. The order in which the notebooks were supposed to be taken apart was often 
 diffused, this is an aspect which makes the time effort even longer.
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Figure 2. Definition and the indicating letters of the different surfaces on a conven-
tional notebook.



3.2 Conclusion of exploratory phase
The gathered and gained results from the exploratory phase clarified the key 
 demands of the product. These demands will act as a guide line and follow the 
product development process throughout the project.  [Ullrich &  Eppinger 2008]

The term customer needs can be wrong to use in this case since the development 
focus lies in improvement of a product which should not affect the actual buyer of 
the product. The aim is to develop a notebook with improved dismantling abilities, 
and this is something which should not pose a direct effect on the conventional 
notebooks usability. The customer needs will therefore be addressed as product 
demands.  

Table 1. The demand specification, with importance of the different demands displayed on a scale from 1 to 5, where 5 is considered more important that 1.

Table 1 shows a demand specification which acts as a guideline and base for the 
concept generation. These different areas were chosen based on the results from 
the exploratory phase and literature studies.
The demand specification states the demands which are supposed to be fulfilled by 
the product. The main goal with the concept generation is to develop concepts that 
will fulfill as many of these demands as possible.  [Ulrich & Eppinger 2008]

5

Demand number Demand Importance

1 Should posses a visual disassembly structure. 4
2 should be able to be disassembled with a minimal number of standard tools 5
3 should consist of a minimal number of parts 3
4 should not be assembled by the use of gluing or similar methods 4
5 should be constructed by a minimal number of screws 4
6 All disassembling should be achievable from only one reachable position 3
7 should consist of a minimal number of different materials 4
8 should posses the already exsisting "laptop functions" 5
9 No coating or painting 3

10 All parts should be marked with a material id number or symbol 5
11 Posses good mechanical properties. 4
12 Affordable manufacturing costs 3

Demand number Demand Importance 1 2 3 1 2 3
1 Should posses a visual disassembly structure. 4 2 3 2 8 12 8
2 should be able to be disassembled with a minimal number of standard tools 5 4 3 3 20 15 15
3 should consist of a minimal number of parts 3 4 4 3 12 12 9
4 should not be assembled by the use of gluing or similar methods 4 4 4 4 16 16 16
5 should be constructed by a minimal number of screws 4 5 4 4 20 16 16
6 All disassembling should be achievable from only one reachable position 3 3 4 5 9 12 15
7 should consist of a minimal number of different materials 4 4 5 5 16 20 20
8 should posses the already exsisting "laptop functions" 5 3 4 4 15 20 20
9 No coating or painting 3

10 All parts should be marked with a material id number or symbol 5 5 5 5 25 25 25
11 Posses good mechanical properties. 4 4 3 3 16 12 12
12 Affordable manufacturing costs 3 2 3 3 6 9 9

Sum 163 169 165

Concept Concept



4 Concept
4.1 Motivation of method
Since this project is focused on the handling and dismantling of products the actual 
buyer and user of the product should not be affected by the modifications of the 
product and the whole result. 

A common product development process as described in [Ullrich &  Eppinger 2008)]
is usually user focused and a big effort is put into studies of the user of the product, 
and identifying the future customer’s needs. Since the dismantling and waste pro-
cess does not usually concern the customer who actually buys and uses the prod-
uct, this product development process with focus on design for disassembly will 
 therefore differ somewhat from the typical design process. 

The operators and dismantling workers, who will come in contact with products 
when they have reached their end of life stadium, can in this project be considered 
as the main users. And since these users only have one common field of application, 
to dismantle and break the product down into different parts and materials, this 
simplifies the segmentation of target groups. 

4.2 Creative phase
The demand specification, which can be seen in Table 1, will act as a base for the 
creative methods that will be used for generation of product concepts. The early 
stage of this creative phase will only concern basic ideas and proposals for how the 
demands in the demand specification can be solved or approached.  

The goal of a creative phase used in product development projects, such as this, is to 
generate concepts which will fulfill the demands that have been stated in  advance. 
A final selection between all the generated concepts will later be necessary in order 
to continue the development process. [Ullrich &  Eppinger 2008]

The creativity phase would begin with a series of brainstorming and sketching 
 sessions, where ideas and thoughts concerning notebook constructions were 
formed on paper. These ideas and the result of the initial creative phase are pre-
sented in the next section. 

4.2.1 Original ideas
The following content will present and describe some of the ideas and solutions, 
concerning the demands stated in the demand specification, which were generated 
in the initial creativity phase.
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The Drawer
All the electronics and other essential com-
ponents are placed and stored on one single 
plate and this plate can then be pulled out of 
the notebook’s main body. This allows a quick 
access to all the inner components, once they 
are removed the rest of the notebook will be 
the surfaces. These surfaces will then be ready 
to be recycled without any further disassem-
bling.  (figure 3)

The Cutter board

The cutter board solution is similar to the drawer solution with all the electronics 
and essential components placed and stored on a plate. Unlike the drawer solution 
where the plate is hidden underneath the notebook, the cutter board is exposed on 
the side with a handle. This handle lets the user to carry around the notebook with 
it, at the same time the pulling out action during the disassembling process will be 
easier. (figure 4)   

Figure 4. The Cutter board idea.

Figure 3. The Cutter board idea.



Sinus

With the sinus solution the A & B and the C & D surfaces are made of two solid parts. 
These parts are supposed to be made of one single material. This solution drasti-
cally reduces the number of parts used in the construction. This notebook has the 
shape of a sinus curve or a wave. (figure 5). The keyboard, electronic  components 
and circuit boards are packed together and concealed by a shell, making it a single 
unit. This unit is placed in the empty space in the middle of the C-D part. Only the 
keyboard together with essential usb ports and similar contacts are revealed and 
accessible on the upper side next to the keyboard. (figure 5) The battery and all the 
printed circuit boards are located and protected under the C-D part.

Fold

By making the A, B, C and D surfaces a long single unit this will make the whole note-
book casing foldable. (figure 6). The one piece surface construction simplifies the 
disassembling by reducing the number of loose parts that needs to be separated 
before recycling. 

Figure 6. The fold idea.

Figure 5. The sinus idea.

Slider

The slider is a solution for how two parts, A & B or C & D can be fastened and se-
cured. By sliding a slide frame with cross section formed for example as a letter “I” 
through two surfaces the fastening can be achieved. The gap between surfaces will 
be closed once the slide frame is installed.  (figure 7)

Figure 7. The slider idea. 
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Figure 9. The book idea

Mono hinge

Instead of using two hinges, as a connection between the C & D surfaces and the 
screen part, this idea uses only one hinge placed on the right side of the C & D unit. 
The disassembling process benefits from this idea, because the mono hinge con-
tributes to an easy separation of the screen part from C & D surfaces. By pulling the 
screen part aside from the C & D part, the two parts separates from each other for 
further disassembling. (figure 8)

Figure 8. The mono hinge idea

The Book

The surfaces A, B, C and D are connected to each other through a jointly hinge. 
(figure 9) When the surfaces are not locked to each other, these parts can be leafed 
through like book pages for accessing the inner components.  A fully disassembly of 
this kind of construction is not necessary, with the inner components removed all 
that is left is the surfaces, which most likely is made with the same material. There-
fore a recycling is possible without any further disassembling. 

The clam 

The clam is a solution for how two parts, A & B or C & D can be fastened and  secured. 
This is achieved by locking them to each other by placing two small clams, one on 
each side of the two surfaces. A side function such as extra input and output ports 
(I/O ports) can be applied to these clams to avoid undesired removal when the 
product is being used by regular users.(figure 10)

Figure 10. The clam idea
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4.2.2 Idea combination
The initial creativity phase resulted in a lot of sub solutions and ideas concerning 
different parts of a notebooks structure. 

For further development of the generated ideas, presented in the idea part of this 
report, suitable and interesting combinations of them were tested. According to Ul-
lrich and Eppinger [2008] a combination of sub concepts, or ideas, provides a way 
to consider combinations of solutions fragments systematically. And by combining 
these sub solutions with each other potential solutions to the overall problem are 
formed. Ullrich and Eppinger [2008] also states that an idea combination of this kind 
in some way can simply be considered as a way to make forced associations among 
fragments in order to stimulate further creative thinking- 

The ideas generated in the initial creativity phase were combined with each other 
in order to stimulate further creative thinking and the development of new ideas. 
Both of the project members were during this phase given the chance to work on 
their own version, or vision, of how the different combinations could look and work. 
Since different interpretations of a given idea can evolve in creative discussions and 
then in to new ideas, or improvements of the original ones. 

The combinations that were made were visualized with the help of some rough 
functionality sketches, the combinations made will be handled in the following con-
text. 

Sinus and Mono hinge

The sinus idea consists basically of two solid parts which are made out of one sin-
gle type of material, this will make it easier to sort the different types of materials 
and parts used in the notebook. The electronic components, circuit boards and the 
keyboard are together placed in a single unit in the middle of the notebook. These 
components are covered by a plastic
shell which makes the whole thing into a single unit. (figure 11) 

Combining the sinus idea with the mono hinge creates a notebook concept which 
consists of a lot of detachable parts. The whole structure consists of basically four 
parts: the solid A-B part which the screen is to be assembled on, the C & D part, the 
screen itself and the unit with the electronic components, circuit boards and the 
keyboard. 
The disassembling of the notebook is conducted by sliding the unit containing the electronic 
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Fold and Clam

The casing on the Fold solution is made out of one long piece, this piece is fold-
able. This solution makes it easy to access the inside of the notebook, and therefore 
makes it easy to assemble parts into it. 

The Fold casing can be locked and held together, once it has been folded, by the 
clam. These clams will pinch the different surfaces of the Fold casing together mak-
ing it a unified notebook. (Figure 12)

Figure 11. The Sinus and Mono hinge combination.

Figure 12. The Fold and Clam combination.

components and keyboard out of its place, in the middle of the C & D part. And the mono 
hinge will make it easy to attach and detach the screen, so the screen can be replaced with 
a new one without the help of experts.  (figure 11)



Slider Folder

The slider lock function is well adaptable to the Fold solution, since the Fold solution 
locks the A & B and C & D at one of the edges, the slider lock is therefore suitable for 
the locking on the other side. (figure 13) 

Since the computers casing is made of one long piece the assembling of all the cir-
cuit boards and components will be a simple matter because the whole inside of the 
notebook is accessible, once the sliders has been removed. When all the essential 
components and the screen has been put into place the casing can be closed by 
folding it together and then locked with the slider frame. (figure 13)
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Slider Book 

The book solution, as described earlier in this section, is by connecting A, B, C and 
D part with a joint hinge, working like a book. Where the different surfaces, A to D 
can be considered as pages. This allows the construction to be opened and leafed 
without the need of a full dismantling. The slider will be used to secure all four parts 
to prevent undesired opening of the construction. (figure 14)

Cutter board drawer 

This concept proposal is similar to the Drawer solution mentioned earlier . The bot-
tom piece, consisting of the C and D parts, can be separated by pulling out the D 
part. This solution allows a quick exposure of the inner components. The handle 
on the side of D part facilitate the separation, at the same time it works like a carry 
handle when the parts are secured. (Figure 15)

Figure 13. The Slider and Folder combination.

Figure 14. The Slider and Book combination.

Figure 15. The Cutter board and Drawer combination.
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4.2.3 Evaluation of ideas
In order to get feedback on the ideas and the different combinations that had been 
generated, all of them were presented and explained for the MSI ID department. 
During this presentation the designers of the ID department were given the chance 
to comment and criticize the different ideas and solutions. Below is a list of a few 
ideas that were commented, and also some thoughts and aspects which were dis-
cussed during the period of the presentation.

Sinus
“The weight might be a problem since the A & B and C & D parts are solid. So 
if the two parts are going to be solid then they might have to be quite thin in 
order to keep the weight down”

“It is important to keep in mind and eventually solve the problem with where 
the screen contacts are going to be placed”

“How will the shell for the components look and work? And where will the 
touchpad be placed?”

Slider Folder
“Plastic hinges, like those found on a floss container, will work just fine since 
the computer is only going to be opened a few times”

“The manufacturing process of a long shell that consists of four connected 
surfaces can be complicated”
 

Additional comments
“The hook mechanism can also be covered and hidden behind the battery”

4.2.4 Creativity phase summary
The initial creative phase resulted in a lot of ideas and solutions on how a note-
books structure can be designed for a simplified disassembly process. This could be 
achieved by reducing the number of parts and/or making access to the electrical 
components and circuit boards easier.  

These rough initial ideas will be developed into product concepts in the next phase 
of the project. A product concept is an approximate description of the technology 

and the working principles of the product. [Ullrich Eppinger 2008] The ideas that 
seemed most realistic and achievable are the ones that were presented in the crea-
tive phase section of this report.  

4.3 Concept generation
The sub solutions and ideas that were generated in the creativity phase are all dif-
ferent ideas of how to fulfill the demands stated in the demand specification. (Table 
1) They are small solutions that are supposed to simplify the disassembly process 
of the product. The sub solutions, and idea combinations cannot themselves be 
considered as solutions to the overall project goal, and they will not fulfill all the 
demands stated in the demand specification in a satisfying way.  

In order to have concrete concepts, which on their own can describe and represent 
a somewhat complete structure of a notebook, and to fulfill all of the demands in 
the demand specification, further combinations of sub solutions were made. Three 
concepts were generated with the results of the creative phase as a basis, these 
concepts will possess and use the ideas and solutions that were considered to fulfill 
the demands of easy disassembly in the best way. 

Important aspects which were considered, when it comes to the determination 
of which sub solutions and sub structures to use in the concepts, were guidelines 
stated in literature studied in the exploratory phase. Below is a list with guidelines 
which were used as a basis for the determination of the three concepts.

• Minimize the number of parts used in the product in order to reduce disas 
 sembly  time and resources. 

• Make the design as modular as possible with separation of function which  
 will allow options of service, upgrade, or recycling. 

• Locate unrecyclable parts in one subsystem that can be quickly removed,  
 this will speed up the whole disassembly process.  

These are, according to Otto & Wood [2001] important guidelines for a products 
structure, when concerning designing for disassembly. These guidelines together 
with feedback from the Designers at MSI: s design center acted as foundation on 
which a determination of how the three concepts would look and work was made. 
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Figure 16. Concept 1 with the first version of assembling. Figure 17. Concept 1 with the second version of assembling.

1

3

1

2

3
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The three concepts will be handled and described in the following content. 

Some of the ideas generated in the creative phase, solutions on how to hold dif-
ferent parts together, can be applied to several of the other ideas. These fastening 
methods will be treated in a section of their own in the report (4.3.4 Fastening 
methods). These solutions can later be applied on the different main concepts.  

2

4.3.1 Concept 1
With the shape of a sinus curve as inspiration source this notebook structure both 
hides and protects vital parts and components with the bottom piece, which is a 
unified piece of C & D part. (figure 16 and 17) Concept 1 consists of three major 
parts the main unit, bottom piece and the display piece.

The main unit, which is the core of this structure, conceals most of the important 
parts for a notebook, IC boards, hard drive, battery and other essential parts. The 
keyboard is located on the top of the main unit, the ports and different kind of con-
nectors are accessible on the side of the main unit. 

The C & D part in this concept has been unified and became one piece, consisting 
of one single kind of material, with a shape reminds of the sinus curve. On top of it, 
there is a cut through square shaped hole, where the main unit will be slid in once 
it has been fully assembled. 

Figure 16 and 17 shows two different ways of assembling concept 1.



4.3.2 Concept 2
The structure of concept two is based on the idea that the shelling parts, A & B and 
C & D can be made out of only two parts. The A & B part and C & D part are two 
foldable units, which can be connected to each other once they have been folded 
and secured. (Figure 18) 
The screen will be inserted between the two surfaces of the A & B part and this part 
will then be folded so that the screen will be held between them. A frame will then 
be slid in to place to secure the whole structure. (Figure 18) This frame does also 
have a hinge function at each one of the two edges: These hinges will be used for 
the connection between the A & B part and the C & D part. 

Components and circuit boards that are essential for the usage of the notebook 
will be inserted between the surfaces C and D. These surfaces will then be folded 
together a secured and held together with a frame similar to the one used for the 
A & B part. 

Finally the two units, A & B and C & D, will be connected to each other, using the two 
frames as hinges or connectors (Figure 18).
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4.3.3 Concept 3
The structure of concept 3 is similar to the one found on an ordinary book. The 
notebook consists of mainly of four parts: A, B, C and D. Each part has one hinge, 
making it a total of four hinges. (Figure 19 and 20) Every part or surface becomes 
a “page” in this solution, and once all four parts has been put together, the four 
hinges will unify and create one long hinge. 

Figure 18. Concept 2.

Figure 19. Concept 3.

Figure 20. Concept 3.
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4.3.4 Fastening methods
Methods of connection, connector or fastener can be described as a component 
employed between connected parts, which holds the parts and establishes relative 
part location, alignment and orientation, transfers loads, and absorbs tolerances 
between the parts to prevent vibrations. This description proves how important the 
use of methods of connection or fasteners is. [Güngör 2006]

By unfastening, the fastener is removed with or without the use of a tool, and then 
the parts that are kept together by the fastener are separated from each other.
The concept generation phase resulted in several solutions on how to connect parts 
to each other without using screws or similar objects. Solutions like: the clam and 
the slider but also conventional fastening methods like snap locks. (See section 
4.2.1 Original ideas). These methods or solutions were saved and kept in mind for 
the further concept evaluation since they can be applied to several concepts and 
part combining situations.   

4.4 Concept evaluation
The three different concepts were compared and evaluated with the production 
specification stated in the exploratory phase. This was conducted in order to see 
how well each concept fulfilled the specifications that were required by the final 
solution. 

The usage of a concept scoring matrix, together with the demand specification, will 
determine how well each concept fulfills the demands that were stated in an earlier 
stage of the process. Each concept will receive a final score which will display how 
well the concept has fulfilled all the demands, these concept scores can then be 
compared to each in order to get a good view of which concept is most adapted 
to, in this case, simplified disassembling. The concept scores are determined by the 
weighted sum of the ratings. [Ullrich & Eppinger 2008]

As seen in the demand specification (table 2) below all three concepts final score 
are somewhat similar. And since the different scores of the concepts were so equal it was 
uneasy to spot a clearly superior concept.

Table 2. Demand spcification with evaluation of concept 1 to 3.

Demand number Demand Importance

1 Should posses a visual disassembly structure. 4
2 should be able to be disassembled with a minimal number of standard tools 5
3 should consist of a minimal number of parts 3
4 should not be assembled by the use of gluing or similar methods 4
5 should be constructed by a minimal number of screws 4
6 All disassembling should be achievable from only one reachable position 3
7 should consist of a minimal number of different materials 4
8 should posses the already exsisting "laptop functions" 5
9 No coating or painting 3

10 All parts should be marked with a material id number or symbol 5
11 Posses good mechanical properties. 4
12 Affordable manufacturing costs 3

Demand number Demand Importance 1 2 3 1 2 3
1 Should posses a visual disassembly structure. 4 2 3 2 8 12 8
2 should be able to be disassembled with a minimal number of standard tools 5 4 3 3 20 15 15
3 should consist of a minimal number of parts 3 4 4 3 12 12 9
4 should not be assembled by the use of gluing or similar methods 4 4 4 4 16 16 16
5 should be constructed by a minimal number of screws 4 5 4 4 20 16 16
6 All disassembling should be achievable from only one reachable position 3 3 4 5 9 12 15
7 should consist of a minimal number of different materials 4 4 5 5 16 20 20
8 should posses the already exsisting "laptop functions" 5 3 4 4 15 20 20
9 No coating or painting 3

10 All parts should be marked with a material id number or symbol 5 5 5 5 25 25 25
11 Posses good mechanical properties. 4 4 3 3 16 12 12
12 Affordable manufacturing costs 3 2 3 3 6 9 9

Sum 163 169 165

Concept Concept
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Concept 1

Concept 2

Concept 3

Table 3. PNI of concept 1. 

Table 4. PNI of concept 2. 

Table 5. PNI of concept 3. 

4.5 Choice of concept
Since all the concepts showed almost the same result when it comes to the final 
score of the demand specification evaluation, it would be unreasonable to base the 
choice of a concept for further development only by referring to the result of the 
demand specification.  

By making a choice of a concept for further development, but still keeping some of 
the solutions and features of the other concepts, this will allow the possibility of 
applying them to the main concept in the next stage of the process. 

Industrial designers at MSI stated that a combination between the curve shape of 
concept 1, which does posses a good function, with some of the features found in 
the other concepts, could be a interesting way to develop the concept further in the 
next phase of the process. But also that the comments made about the concepts 
(seen section Feedback and Argument) should be considered. 

Conclusively the decision of how to proceed with the process and what would to 
take to the next phase was based on the expertise, help and guidance of the indus-
trial designer together with the evaluation of the concept made with the demand 
specification and guidelines for design for disassembly. 

Therefore concept 1 was chosen as the primary concept for further development, 
but sub solu-tions and features of the two other concepts was also taken to the next 
phase. These sub solutions will in the next phase be tested together with concept 1. 

4.4.1 Feedback and argument
The three concepts was also presented for the industrial designers at the MSIs 
design center in order to receive feedback on the concepts and guidance when it 
comes to the choice of concept for further development. The Plus, Minus & Inter-
esting (PMI analysis) tables below state some of all the feedbacks each concept re-
ceived during the presentation, these are comments made by the staff of the MSI’s 
design center. [Mindtools 2011]

Plus Minus

Functionality shape and 
conspicuous design which satisfy 
both main and sub targets.

The mouse pad placement may 
jeopardize the whole structure 
design. 

Will not easily be noticed by sub 
targets, for avoiding undesired 
disassemly of the notebook

May be too heavy and thick?

Plus Minus
Usage of screws can be 
eliminated.

The structure might seem a bit 
weak and complicated.

Plus Minus
Adaptable with conventional 
technology.

Conservative solution.

Unexpressive for a conceptual 
design.

Plus Minus

Functionality shape and 
conspicuous design which satisfy 
both main and sub targets.

The mouse pad placement may 
jeopardize the whole structure 
design. 

Will not easily be noticed by sub 
targets, for avoiding undesired 
disassemly of the notebook

May be too heavy and thick?

Plus Minus
Usage of screws can be 
eliminated.

The structure might seem a bit 
weak and complicated.

Plus Minus
Adaptable with conventional 
technology.

Conservative solution.

Unexpressive for a conceptual 
design.

Plus Minus

Functionality shape and 
conspicuous design which satisfy 
both main and sub targets.

The mouse pad placement may 
jeopardize the whole structure 
design. 

Will not easily be noticed by sub 
targets, for avoiding undesired 
disassemly of the notebook

May be too heavy and thick?

Plus Minus
Usage of screws can be 
eliminated.

The structure might seem a bit 
weak and complicated.

Plus Minus
Adaptable with conventional 
technology.

Conservative solution.

Unexpressive for a conceptual 
design.
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Ullrich & Eppinger (2008) states in their book product design and development that 
once the different concepts has been rated and ranked, the project team should 
verify that the result makes sense and then consider if there are ways to combine 
and improve certain concepts. And since there were some interesting and good 
features of concept 2 and 3, these were not abandoned, but kept in mind for the 
possibility of further application to the final concept.   

It is also important once the concept or concepts for further development has been 
de-termined, in this stage, to clarify which issues need to be investigated with that 
or those specific concepts. [Ullrich & Eppinger 2008] In order to develop and refine 
concept 1 issues concerning technical solutions needed to be addressed. The list be-
low states a few of the technical details that had yet not been solved or determined. 

• A solution concerning the structure of the screen 
• A solution for the connection between the screen and the C-D part
• Placement of the touchpad
• Placement of the battery 
• The structure of the whole main unit

These issues of the design and structure are aspects that needed to be solved with 
functional solutions that goes in line and helps the fulfillment of the demands in the 
demand specification. 

Nigel Cross [2008] describes in his book Engineering Design Methods that the main 
aim of a so called Morphology chart is to widen the search for possible new solu-
tions. This tool will encourage the designer to identify different combinations of 
elements or components. Different combinations of sub solutions will be selected 
and made from the chart, which can lead to new solutions that not previously have 
been identified. 

The features or issues that need to be addressed will be stated in a column to the 
left and different solutions to these features in the rows to the right of them. Com-
binations will then be made, and lines representing these combinations and the 
solutions that is included in them, will be drawn in the chart. Three different com-
binations were made out of the morphological chart, each with its own different 
structure. (figure 21) 

5 Further concept development
Three combinations were made, each one with different solutions on how to solve 
the stated issues in the structure. The combinations can be seen indicated with the 
colors red, green and blue in figure 21. As a conclusion, the combinations and their 
features can also be reviewed in table 6. 

Table 6. The Red, Blue and green combination.

Red Blue Green
1: Screen structure A: Folder B: Slide C: Book
2: Screen connection B:Axel unit C: Two side hinges
3: Touch pad solution A: Above the curve B: Integrated in keyboard D: Through the curve
4: Battery placement A: Below the curve C: Built in main unit B: Underneath the keyboard
5: Main unit structure B: No-roof structure A: Folder



The following content will describe the three different combinations of solutions 
that were made with the help of the morphological chart. The initial letter and num-
ber of each section refers to the solutions place in the morphological chart.

Figure 21. The morphological chart, with three different combinations of solutions, 
represented by three different colored lines.  
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The three concepts with combined solutions express their own individual way of 
solving technical issues mentioned earlier in this section. The names of the con-
cepts were given based on the representing colors in the morphological chart. 

The concept Red is considered to be the most innovative concept among the three, 
with its experimental mono hinge solution and the concealment of the inner com-
ponents between the combined curved surfaces. 

The concept Blue aims to be a well balanced concept which uses the same inno-
vative components concealment feature as seen in concept Red, but at the same 
time utilizes the conventional manufacturing techniques by using the less experi-
mental screen structure, based on a traditional two hinges solution. 

The idea of concept Green is trying to optimizing and enhancing the notebook 
based entirely on using conventional manufacturing techniques. The key of this 
concept is to be highly adaptable with the existing products and can be. 

The details of each concepts will be explained in the following page.



Red
A1: The folder solution is applied to the screen structure of this combination. It uses 
a built-in hinge between the A and B surface which create a one piece folder, where 
the display will be folded inside. (Step 1 and 2, Figure 22)

B2: Connection between the upper piece which contains the display unit and the 
bottom piece with the main unit is achieved by a solid axle going through both of 
the pieces. This axle acts as the rotating hinge and secures the structure. (Step 3, 
Figure 23)

A3: The touch pad is placed above the top surface of the main unit, on the same 
level as the keyboard. Underneath the touch pad, there is a gap between the pad 
itself and the main unit, where the unibody bottom piece will slide in. The touch 
pad will rest inside a milled recess. (Figure 24)

A4: The battery will be located outside the main unit and under the curve of the 
bottom piece. This placement allows users of notebooks to change the battery 
when needed. When the battery is installed, it will secure the main unit together 
with itself to the bottom piece by snap-locks. (Step 2, figure 22)

B5: With an open top structure for the main unit it can reduce the usage of mate-
rial, and decrease the total weight of the notebook. When the main unit is slid into 
its compartment, the top will be covered by the upper curve of the bottom piece. 
(Step 1, figure 22)

Figure 23. The display is being put between the A and B part in step 1, the A and B 
parts are being closed in step 2 and locked with the hinge in step 3.  

Figure 22. The main unit is being assebled in step 1, and the battery in step 2 Figure 24. The screen is being assembled on the C & D part.
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Blue
B1: While the traditional way of assembling a screen unit is by three major parts, A 
& B surfaces and the display unit, this concept uses only two parts. Using a frame-
less design, the B surface and the display unit are unified. The A surface will still act 
as a cover for the backside for the display unit, to protect and conceal all the elec-
tronic component. (Step 1, Figure 25)

C2: This structure design allows a simple installation of the screen unit. When the 
screen unit is assembled, it can be locked and secured with two hinges on the sides 
of it. With one hinge on each side, the high mechanical properties can then be 
achieved. (Step 2, Figure 25)

B3: The touchpad are integrated in keyboard surface of the main unit. With the 
touchpad located in the place where numpad (Number pad) used to be in, doesn’t 
necessary mean the numpad has to be scarified. With the “Num LK” (Number pad’s 
lock) button, the user will be able to switch on/off the functions of the numpad. 
When the numpad is activated the keys of the numpad will light through the touch-
pad and temporarily disable the function of the touchpad.

C4: The battery will be built into the main unit, this removes the possibility for user 
to change the battery without having to open up the notebook.

Figure 25. The display is being put in the A part in step 1 and is locked in step 2.

Figure 26. The main unit is being assembled.

Figure 27. The screen is being put on the C & D part where the main unit is also 
located. 
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Green
C1: The green concept uses the book structure for the screen, two surfaces: A and 
B can be closed together and the two hinges becomes one. The actual screen is 
supposed to be mounted in between the A and B surfaces. (Step 1 and 2, Figure 29)

D3:
The touch pad which helps the user guide the mouse on the screen is placed on top 
of the main unit. The main unit will be slid into place from the top of the C- D part 
and will, once it has been slid in to place, be rotated counter clock wise so that the 
touch pad will stick out trough the top surface of the C-D part. (Figure 30)

B4:
The battery is placed underneath the keyboard, between the keyboard and the top 
surface of the C-D part.

A5:
The main unit will be held together with the fold solution, two parts jointed togeth-
er at one of the edges, this edge will act as a hinge and will allow the whole unit to 
be opened. (Step 1, Figure28)

A6:
The fold structure of the main unit will be locked with hooks between the two dif-
ferent surfaces. (Step1, Figure 28)

Figure 28. The main unit can be closed and rotated into place in the C & D part.

Figure 29. The display is put in place inside the A part.

Figure 30. The screen is being assembled on the C & D part.
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5.1 Choice of concept
The concepts, or combinations made with the help of the morphological chart, 
were evaluated with the demand specification in order to display the differences 
and advanta-ges between and with the different solutions. Scores and grades were 
set and decided in collaboration with industrial designers of the ID center at MSI. 
(Table 7)

Since the score of the Blue concept is significantly lower than the Red and Green 
concepts the concept was excluded from further development. And the functions 
and solutions of the Red and Green concepts were used as a base for further devel-
opment. 

The screen structure of the Red concept was questioned when it comes to the 
strength of the structure. The A-B part must be made out of plastic in order to have 
the floss structure to work at all. And this part is supposed to be locked with the sol-
id axel, which will also act as a hinge, and this solid part would be made of the same 
material as the C-D part, some sort of metal. It’s the joint between these two units, 
the A-B floss unit and the hinge unit, which can be hard to make strong enough. 

This is why the screen structure used in the Green concept is more reliable when 
it comes to strength. Since the Green concepts Book solution connects directly to 
the C-D unit, without using any major hinge part, this makes it more sustainable 
when it comes to the handling of weight and stress.

The main unit structure B5 (Step 4, figure x) fulfills the demand of accessibility of 
components and the reduction of part the best, since the components will be ac-
cessible as soon as the main unit has been dragged out of its place under the C-D 
body. And since this solution only uses a simple roofless box for concealing the 
components within the main unit, this reduces the number of parts and material.    

The final concept which will be taken to the next phase of the process, consisting 
of the making of mockup models and refining and determining the actual design, is 
based mainly on the Red concept structure, with a few exceptions. Instead of using 
screen solution A1, this concept will use screen structure C1. 

Table 7. The demand spceification wtih the three concepts: red, blue and green.
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Demand number Demand Importance Red Blue Green Red Blue Green
1 Should posses a visual disassembly structure. 4 2 1 3 8 4 12
2 should be able to be disassembled with a minimal number of standard tools 5 4 3 4 20 15 20
3 should consist of a minimal number of parts 3 3 2 3 9 6 9
4 should not be assembled by the use of gluing or similar methods 4 4 4 4 16 16 16
5 should be constructed by a minimal number of screws 4 4 4 4 16 16 16
6 All disassembling should be achievable from only one reachable position 3 3 3 3 9 9 9
7 should consist of a minimal number of different materials 4 3 3 3 12 12 12
8 should posses the already exsisting "laptop functions" 5 4 4 4 20 20 20
9 No coating or painting 3

10 All parts should be marked with a material id number or symbol 5 5 5 5 25 25 25
11 Posses good mechanical properties. 4 3 2 3 12 8 12
12 Affordable manufacturing costs 3 3 2 3 9 6 9

Sum 156 137 160



5.2 Conclusion
The concept generation and creative phase demanded many steps of concept 
choice for further development. The original rough ideas (treated in the, Original 
ideas section in the report) was combined and after a concept generation phase 
of evaluation, improvements and development a final structure had been deter-
mined. 

The structure and design of the Notebook was in this stage in the process still 
somewhat rough and only the basic design had been determined. In order to be 
able to present a valid final concept, details in the design would have to be ad-
dressed this process will be treated in the next section of the report. 

Figure 31 below shows some sketches of the notebook structure made in this 
phase of the process. The sketches were meant to act guidelines for the upcoming 
usage of CAD software. 
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Figure 31. 



6 Detail design
6.1 Ergonomics and shape with function 
The shape of the C-D body plays an important role when it comes to the function of 
the whole structure of the notebook. The shape is essential for how easy the main 
unit can be mounted on the C-D part itself. The shape also concerns the ergonom-
ics, and therefore needs to be designed with the usability in mind. A lot of focus 
and work was therefore put into the determination of the curves shape and design.

Even though the purpose of this design process is to design a notebook with focus 
on simplified disassembly, the buyer and user of the products demands of appeal-
ing design and usability must be concerned and cared for. The dimensions of the 
notebook must therefore not be a big disadvantage when compared to a conven-
tional notebook on the market. It was therefore decided that the height of the note-
books C-D part was not to exceed 1.5 cm. 

Stephen Pheasant states in his book Bodyspace [2006] that a portable computer 
(such as a notebook) should have an adequate surface in front of the keyboard 
wrist. ISO 9241-5 recommends a wrist support surface with a depth of at least 100 
mm in front of all input devices. 

Some sketching sessions were conducted to generate some different shapes of the 
main body cure, which would fulfill the demands and recommendations concern-
ing the ergo-nomic aspects. Some of the shapes that were sketched upon can be 
viewed in figure 32. Limitations regarding the height and length of the curve was set 
at a height of 15 mm and a length of 240 mm, indicated by the boxes in the sketches 
below.  

Figure 32. Some of the sketches that were made of the curve. 

Eventually two different curve shapes was selected for further ergonomically test-
ing and evaluation, these tests were going to be conducted by making two physical 
models. The models were created by a Computer Numerical Control (CNC) model 
machine provided by MSI. This method of model manufacturing is based on nu-
merical cad data which will guide the machines movable tool into the right place 
and direction. By using a manufacturing method like this it is possible to produce 
physical models directly based on the cad files, without the need of any drawings. 
[NE.se 2011]

The cad models and the two physical models of the two different shapes can be 
seen below in figure 33.

Figure 33. The two different function models of the shapes that were tested ergo-
nomically.

An investigation regarding the ergonomics of the two shapes was conducted, and 
14 test persons were allowed to test the two different shapes and were asked which 
one they preferred. The ergonomic tests showed that a majority of the test partici-
pants preferred the straight shape, before the curved one. A complete table of the 
test results can be seen in appendix 2. 

The decision of which shape to use was based on the test results and since the result 
stated a clear advantage in popularity for the straight shape this shape was selected 
as a base for the final design.  

6.2 Volume and weight estimations
In order to meet the customers’ demands of usability and to be able to compete 
with other notebooks on the market, the notebooks weight must not exceed 1.5 
kg. This weight is based on the weight of some notebooks provided by MSI, and a 
weight study of popular notebooks already available on the market.  
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Some estimations regarding the volume were made with the help of cad mod-
els, which calculated the total volume of the notebooks chassis to approximately 
2.28*10^5 mm3. If these parts are made out of aluminum this gives the notebooks 
chassis a total weight of approximately 0.5 kg, calculating with an aluminum density 
of 2800 kg/m3. And since the electrical components, such as the circuit boards, the 
screen and the keyboard are estimated to weigh less than 1 kg, the chassis weight 
of 0.5 kg will be light enough.   

6.3 Wiring and cables
The screen of a notebook needs to be connected to the rest of the notebook, con-
sisting of circuit boards and battery, with two cables, one for video signals and one 
for power supply. These cables are usually drawn on the inside of the hinges on a 
conventional notebook.

In order to disassemble the notebook in a successful and smooth way, the obstacle 
caused by the wirings and cables from the screen to the main unit, should not de-
mand any additional effort. So the cables connecting the main unit with the screen 
should not in-terfere with the removal of the screen from its original location.   

The cables on the notebook treated in this process will therefore be placed in a thin 
gutter between the main unit and the C & D part. (figure 34)

Figure 34. The hinge area where the wires will be threded trough the pin in the 
higne. (The pin is marked with a blue color) 

6.4 Disassembly sequence   
As stated in the demand specification and the overall project goal, the final concept 
should be adapted for simplified disassembly, and this concerns aspects such as us-
ing as few tools as possible and keeping the number of parts to a minimum. 

The following context will describe, step by step, how the disassembly sequence of 
the final concept is supposed to be conduct. 

Step 1

The first step the process of taking the notebook apart will be to remove the 
display. To do this, the pads on the B side of the screen must first be removed. 
When the pads have been removed the snaps holding the A and the B part 
will be revealed. (figure 35)

By unhooking the snaps the A and B part will be released and can be opened 
like a book. This action will give access to the display which is located be-
tween the A and the B part. The display can now be taken out of its place by 
unplugging the wires which is located at the bottom of the display. (figure 36)

Figure 35. The first step in the disassembly sequence, removing the pads, the snap 
lock holding the A and B part of the screen can be seen under the pad. 
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Figure 36. Part A and B can be separated once the snap locks have been released, 
the display can be taken out. 

Step 2

The next step towards a full disassembling is to separate the A and B part of 
the screen. This is achieved by removing the A part and then unscrewing the 
pin which holds the screen to the rest of the notebook body. (Figure 37) 

Figure 37. By removing the B part a pin holding the screen to the rest of the note-
book will be accessible, unscrewing the pin will let the screen come off. 

Step 3

To remove the part that holds all the electronic components, the main unit, 
the pads located under the notebook must first be removed.  This will, like in 
step 1, give access to some snap locks which holds the main unit to the rest 
of the notebook. (Figure 38)

The main unit is held in place by the snap lock and two hooks located at the 
underside of the main unit. (Figure X) By unhooking and releasing these snap 
locks and the hooks, the main unit can be turned and taken out of its place. 
(Figure 39)

Figure 38. The underside of the notebook (the D surface) with the two pads that has 
to be removed, whit snaps locks hidden under them. 

Figure 39. The main unit has to be turned in order to be taken out of its place. 
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Step 4

Completing step number 3 will give access to all the electronic components 
within the main unit. These components together with the keyboard can now 
be taken out their places on top of and inside the main unit. (figure 40)

Figure 41. The components inside the main unit (indicated with a transparent or-
ange color) can be taken out after removing the keyboard. 

By completing these four steps the notebook will be fully disassembled and parts 
with different kinds of materials can be sorted and prepared for further processing 
and recyc-ling. 

This is a disassembly sequence that clearly follows the directives for DFD stated by 
Luttrop [1997] and Norrblom [2000]. These directives can be found described in the 
section Design for Disassembly in this report. 
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6.5 Materials
The selection of materials will not only affect the appearance of a product but also 
the product’s mechanical properties. A commercial notebook needs to undergo a 
series of tests before putting into production, such as drop and vibration test. Since 
the concept uses an entirely new structure design, the selection of materials has 
been focused on maintaining the standard level of mechanical properties.To extend 
the fundamental purpose of project, which was to design a notebook adapted for 
simplified disassembling and recycling, is to include materials that have a less im-
pact on environment. 

There are several types of material that is commonly encountered within note-
book industries, these materials have all been thoroughly tested and can be found 
on any conventional notebook. The selection between these materials has often 
been based on reaching a break-even point, where fine mechanical properties are 
obtained while keeping the cost down. The most common material is acrylonitrile 
butadiene styrene engineering plastics (ABS engineering plastics). The ABS plas-
tics are often mixed together with polycarbonate to create a plastic alloy with a 
more even heat dissipation and form stability [Harper, 1996]. The advantages of 
using ABS are its excellent impact absorbing ability, weather resistance, but most 
importantly the simplicity of processing.  Complex products can easily being made 
and processed with liquefied ABS resin, despite the relatively heavy weight of ABS 
engineering plastics comparing with other light metals for obtaining the same me-
chanical properties [CES Edupack 2011], the ABS plastics are still being widely used 
by notebooks’ manufacturers because of its low cost. [Hågeryd, Björklund, Lenner 
2002]

Aluminum is one of the most commonly used materials for notebooks. In general its 
hardness is several times the ABS engineering plastic [CES Edupack 2011]. Therefore 
aluminum is often used for ultra thin notebooks to fill the mechanical requirements 
otherwise requires thicker construction. The difficulties of processing, coupled with 
the high cost, made this material less common than the ABS engineering plastic. 
[Hågeryd, Björklund, Lenner 2002]

Carbon fiber reinforce polymer (CFRP) is compared to ABS engineering plastics and 
aluminum a less common material within notebook industries, but for its particular-
ly prominent properties in both thermal conductivity and strength, this material is 

Figure 40. The two hooks that holds the thin side of the main unit to the curve. 



still one of the most attractive materials for notebooks. As mentioned above, due to 
the thermal conductivity of CFRP, the heat can be better distributed. The toughness 
is approximately twice the aluminum, but the brittleness made CFRP very sensitive 
to falls and contacts with sharp objects [Harper, 1996]. The reason behind the in-
frequency usage of CFRP is the difficulties and the high cost of both manufacturing 
and processing. 

Titanium alloy, often a mixture of pure titanium and aluminum-magnesium alloy, 
can sometimes be found on high-end or business class notebooks. Mostly because 
of it luxurious appearance, also its toughness which is approximately two - three 
times the aluminum [CES Edupack 2011], which means a titanium based structure 
can be thinner and lighter than other materials. Despite its prominent properties of 
mechanical, weather resistance and thermal conductivity, the titanium never came 
close to the mainstream selection of material for notebooks. Mostly because of its 
expensive manufacturing and processing cost. Titanium’s processing requires weld-
ing for complex profiles, which restricts its field of application. [ASM International, 
1992]. Detailed specification data can be found in appendix 3.

The parts that the material selection concerns are A & B surfaces, main unit and 
the curve part.  It is important to note that components and electronics are not 
included in the selection. 
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A and B

A & B surfaces, these parts have similar function and placement. In order to  
reduce the thickness but at the same time maintain the construction’s me-
chanical properties, a strong and light weight material is preferred for these 
parts. 

ABS plastic is excluded from the selection for these parts due to the lack of 
toughness. CFRP does offer the toughness and weight reduction for A & B 
surfaces, but the brittleness makes this material unsuitable for such a huge 
part, since falls and drops are commonly occurred. 

Titanium’s difficulties in processing and the high cost will not be suitable for 
huge parts as A & B surfaces. 

Aluminum is the only material among all the chosen materials that can easily 
be re-cycled and reused. The variety of processing methods makes aluminum 
the perfect choice for parts like A & B surfaces.

Main unit

Main unit, for this part it is most important to apply material that offers easy 
processing because of its complexity. As for the mechanical aspect, the main 
unit will not have requirement as high as the rest of the structure, A & B sur-
face and the curve. Since this part are wrapped inside the curve and does not 
have any direct-contact surfaces with underlying surface. Therefore the ABS 
plastic was chosen for the main unit, based on its properties and fulfillments 
of the criteria.

The curve

The curve will be the part with most contacts with underlying surface and 
will be sup-porting the whole construction, therefore a tough material is re-
quired. Because of its volume, the material has to be light weighted for not 
increasing the total weight of the notebook. The two most preferable ma-
terials are aluminum and titanium. But due to the complexity of the curve, 
titanium is expelled from the selection. Aluminum is as mentioned before a 
relatively easy to process and recycle and is a more even balanced material 
regarding cost, durability, strength, and processing’s possibilities.

Figure 42. The notebook and numbers indicating the three different groups of ma-
terials. 

A and B
The curve

Main unit



6.6 Components and recycling
Circuit board recycling

A circuit board or an IC board (Integrated circuit board) is mounted with vari-
ous integrated circuits and other electronic parts and the boards are typi-
cally made of fiberglass and copper. But other precious metals such as gold, 
silver, platinum-group metals (PGM: platinum, palladium, rhodium, iridium, 
osmium and ruthenium) can also be found. [ASM International 1992]

Circuit boards and IC boards can be recycled with different kinds of methods 
such as a physical separation method and scrapping method but the meth-
od which is preferred and considered ideal for this purpose is the incinera-
tion method and chemically separating of different metals. These methods 

Figure 43. A flow sheet of the copper melting method. [Lee, C-H., Chang, C-T., Fan, 
K-S. & Chang, T-C. 2004]

Aluminium recycling

Aluminum’s characteristics made it highly recyclable, it is resistant to corro-
sion and the energy requirements for the conversion of aluminum scrap are 
low when compared with the energy consumed in primary aluminum pro-
duction. For example, the actual ratio of primary total energy to recycled to-
talt energy for used beverage cans is 28:5:1. [ASM Internation, 1992]

The numbers of commercial aluminum alloys are estimated to be more than 
300 compositions. Many of them were designed to accommodate impurity 
contamination. Which means these alloys can tolerate the variation in com-
position and rages in impurity content that may be experienced in the re-
covery of scrap. Scraps with wider variety can often be melted and reused to 
produce alloys that are commonly used in die and gravity casting, extrusion 
and sheet rolling. [ASM International, 1992]

Plastic recycling

Since ABS plastic is a thermoplastic it can be recycled trough extrusion, where 
the plas-tic waste is being melted and then extruded. The molten plastic is 
then cooled and chopped into appropriate sized pieces which can be used in 
new plastic products. [Vanessa Goodship 2007] Recycled plastics have a de-
grading trend over time, purity of the recycled material is also a concern, as 
the recycled material needs to fulfill the same re-quirements of the product. 
Since many of the manufacturing plastics are commingled plastics in form of 
plastic alloy, for achieving better performance. If the recycled ma-terial does 
not match the requirements of the product because of either degradation or 
impurity, it can still be reused as filler by blending with virgin and use in new 
product. [Harper, 1996]

Plastic additives and different coatings can make the recycling process more 
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are considered the most preferable methods since they are the best when 
it comes to recovering the high amount of precious metals in the boards. 
Whether a board is worth being recycled by this method depends on the 
amount of valuable metals contained in them. . [Lee, C-H., Chang, C-T., Fan, 
K-S. & Chang, T-C. 2004]

Figure 43 shows a flow sheet describing the copper melting method and the 
materials which can be revered by using it. 

Materials such as bio based and biodegradable plastics were taken into consideration, but 
later discarded due to the mechanical issues. These materials are still in a very early stage, 
there are still many issues need to be addressed, such as toughness, durability, processing 
possibilities and also cost.



6.7 Electronic components
The inner architecture of the main unit, which conceals all the components and 
parts essential for the functionality of the notebook, was decided and designed 

Figure 44. A drawing of the main unit together with paper pieces representing the 
components which will be concealed inside. 

Figure 45. A drawing of the main unit together with paper pieces representing the 
components which will be concealed inside. 1: SSD 2: Motherborad 3: Battery 4: Fan

1

2

3 4
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with the help of a drawing of the main unit and smaller ones of the different compo-
nents (Figure 44). The components which were considered and included in the de-
sign were mainly the motherboard, the battery and the speakers. The whole design 
and layout of the placement of the components inside the main unit can be seen 
as a proposal of how a functional inner structure could look like. Some estimations 
were made concerning the dimensions of the components, and the placements has 
not been tested with real components. Figure x above shows the placement of the 
different components.

6.7.1 In and output ports
The issue of which ports and input devices to include in the final concept was dis-
cussed with experts at the ID and notebook department of MSI. It is important to 
integrate technical features which have the same future potential as the conceptual 
structure of the final concept. 

Ports as, for example RJ45 commonly known as the Ethernet port for wire based 
network connection, was excluded since the wireless technology has greater po-
tential. 

A proposition for future standardization is to, instead of having a wide variety of dif-
ferent DC in ports used by different brands, use micro USB 3.0 ports for charging of 
the battery. Since all USB 3.0 ports have the ability to transfer a voltage high enough 
to charge a notebook battery. 

The ports included in the final concept are:

• 4 standard USB 3.0 ports

• 1 Micro USB 3.0

• 1 Mini HDMI

• 1 SD card reader

• 1 Mic audio jack

• 1 Speaker audio jack

difficult and must therefore be avoided. An effective recycling process draws 
benefits from hav-ing a clean and sorted plastic waste material in the initial 
phase. A plastic consisting of additives and coatings demands a big effort of 
separating and cleaning which makes the recycling process harder and more 
expensive. [Stockholmsregionens Avfallsråd 2011]



6.8 Defining the appearance
The process until this stage has mostly been structure and mechanical based, these 
approaches gave the concept a certain shape and appearance. The goal of this stage 
is to define the appearances which can be well adapted to the desirable manufac-
turing’s techniques and at the same time, without compromising with the original 
ideas and benefits given by this concept. 

The screen part which consists of two major parts, the A & B surface. (See figure) 
These two subparts are both made in aluminum, therefore an Extrusion manufac-
turing technique is suitable for both of the parts. [Hågeryd, L., Björklund, S. & Len-
ner, M. 2002] 

Since the Extrusion techniques are limited to symmetrical design with certain pro-
file, the A & B surface was designed to have a symmetrical appearance on the long 
side. (Figure 46) After the extruding of the profiles, they only require a few of ma-
chining operations to shape the rounded and chamfered edges and corners.

The curve which supports and holds up the entire construction is, like the screen 
part, also made in aluminum. But unlike the screen part, the curve has a slightly 
more complex profile. (Figure 46) Despite the profile, this part can still be manufac-
tured with Extrusion technique. Because of the increased details and the compart-
ment for the main unit, the number of machining operations the curve part has to 
undergo is larger than the screen parts. 

The third major part of the notebook is the main unit, where all the essential com-
ponents and electrical parts are stored. This part stands out from the rest, because 
of its material, and also the appearance. The main unit part is made of ABS, which 
allows the curve part to be vacuum casted. Nearly all the details of the main unit 
can be made from the vacuum casting technique, such as the open top and the in-
ner compartment. But details like holes for i/o ports will need additional machining 
operation. 
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7 Final concept

Figure 46. The final concept

31



7.1 Evaluation of final concept
The overlying goal of the whole product development project, which is treated in 
this report, was to develop a conceptual notebook which is designed for simplified 
disassembling and recycling. 

In order to investigate how well the final concept fulfilled the main goal of the pro-
ject, it would have to be evaluated and tested with focus on the demands stated in 
the demand specification (Table 8). 

Since the final concept has several similarities to the red concept the scores given 
in some demand catergories are almost the same, with a few exeptions. The score 
for the fulfillment of the demand “Should consist of a minimal number of parts“ is 
higher since the screen in the final concept does not use a separatable hinge, unlike 
the red concept. The final score is an improvment compared to the scores in the 
evaluation of the red, green and blue concepts.

7.2 Mockup model
A mockup model of the final concept was manufactured with the cad files as refer-
ences. The model was made by a Taiwanese model manufacturing company named 
Arrk dison and the model was funded by MSI. The mockup model model can be 
seen in figure 47. Figure 47. The mockup model halfway through the manufacturing process. 

Table 8. The demand specification with the evaluation of the final concept.
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A color, material and finish (CMF) document displaying details in the design of the model can 
be seen in appendix 4.

Demand number Demand Importance Final concept Score
1 Should posses a visual disassembly structure. 4 2 8
2 should be able to be disassembled with a minimal number of standard tools 5 4 20
3 should consist of a minimal number of parts 3 5 15
4 should not be assembled by the use of gluing or similar methods 4 4 16
5 should be constructed by a minimal number of screws 4 3 12
6 All disassembling should be achievable from only one reachable position 3 3 9
7 should consist of a minimal number of different materials 4 4 16
8 should posses the already exsisting "laptop functions" 5 5 25
9 No coating or painting 3

10 All parts should be marked with a material id number or symbol 5 5 25
11 Posses good mechanical properties. 4 3 12
12 Affordable manufacturing costs 3 3 9

Sum 167



8 Result
The final concept of this product development project has been given the name 
Sixten and the following content will treat its advantages and the key features. 

The name Sixten was chosen partly because of the first letter “s” is representing 
the shape of the notebooks main body. The shape of a sinus curve was the original 
source of inspiration for the strucutre of the notebook, and therefore the letter “s” 
can be found in the notebooks name as a resemblance to the shape. The name was 
chosen to be associated with Scandinavian form and design and therefore a classical 
Swedish male name was chosen, Sixten. 

Sixten is a conceptual notebook designed with features and a structure which will 
contribute to a simplified dismantling process. With its few parts and a minimal 
number of different materials, Sixten can be seen as a conceptual proposal of how 
a notebook can be adapted for making the disassembly and recycling process more 
effective.

With the guidelines for DFD (Design for disassembly) as proposed by for example 
Bogue [2007] and Luttropp [1997] a structure with a minimal number of screws has 
been developed where the number of tools required for a complete disassembly is 
reduced to only one. 

The definition of a complete disassembly is in this context a dismantling where all 
the parts and components are separated from each other. 

The disassembly procedure of Sixten is in this report explained in four steps where, 
after the fulfillment of the four steps, parts can be sorted by their materials and 
prepares for further recycling. (See section 6.4 disassembly sequence in the report)

The only place where a screw is used is in the hinge between the A and B surfaces 
and the curve. By excluding the step 2 in the disassembly sequence, where the A 
and B surfaces are separated from the curve, no tools will be required for the disas-
sembly of Sixten. Since the parts used in the frame of Sixten (the curve part and the 
A and B surfaces) are all made of the same material, a disassembly of these parts 
can, if not necessary, be excluded from the disassembly sequence as they can be 
recycled with the same method. (See section 6.4 disassembly sequence, step 2, in 
the report) 

Another advantageous feature of Sixten is the structure which allows components 
and hardware to be easily upgraded and/or replaced. By unlocking the main unit 
and rotating it out of its place the hardware can be accessed without the need of 
any major effort in terms of removing screws or similar fastening methods. This will 
hopefully contribute to a longer lifetime of the notebook by instead of directly buy-
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ing a new computer. When the user is in need of more performance, hardware and 
components can be upgraded without buying a completely new notebook. 

When not including the electronic components and the display the structure of Six-
ten consists of two materials, the screen parts A and B, and the C and D part which 
are made of aluminum, and the so called main unit which is made out of ABS plastic. 
A more fundamental description of the choice of material can be seen in section 
6.5 materials in the report. The reduction of materials and parts is also something 
which should be considered as guidelines of DFD. 

The placement of the touchpad on Sixten is something that differs from the conven-
tional notebook found on the market, the touchpad is placed in line with, and to 
the right of the keyboard. And is intergated with the functions of a numpad.  With 
this solution the number of parts used in the strucutre can be further reduced and 
the disassembly porcess can be kept effective. If the touchpad was placed below the 
keboard, as on a convetional notebook, it would requier a more complex strucutre 
with more parts.

8.1 Future of Sixten
MSI is currently investigating the possibilities of Sixten, and the project with it the-
sis of design for disassembly itself. The ID department of MSI Taiwan has officially 
taken over the project and will focus to adapt and integrate the principles of Sixten 
into products of MSI and making them manufacturable, with conventional tech-
niques and methods.  
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notebook on the market today. The time saved during the disassembly process be-
comes a major advantage when considering the number of notebooks sold in Swe-
den each year, 1 million, [IT research 2008] and how many notebooks which is being 
thrown away and turned into waste. Many thousand hours of disassembly time 
can be saved each year by implying the disassembly friendly features of Sixten into 
notebooks today, and by doing this money as well. 

The fact that Sixten is easy to disassembly and to recycle would hopefully lead to 
an increase in the number of notebooks being recycled each year. Since the time 
which is saved can be used to take care of even more old notebooks in the recycling 
process. 

9.2 Design for disassembly
The principals of design for disassembly has been known within the industries and 
acknowledged by scientists for some time, but real practical examples are hard to 
find. In many cases the progress of DFD is being held back by cost related issues. The 
industries have been modernized several times throughout the history of industrial-
ism, but most of the improvements that have been made were are heavily focused 
on production and manufacturing, rather than developing a complete circle flow for 
the product and the involving materials, where a product when reaching its end of 
lifetime, will be taken care of with different measures. 

The application of design for disassembly itself isn’t costly, but really it would imply 
long term profitability for manufacturers. The difficulties of applying DFD are that 
the conventional manufacturing techniques and methods are not suited for DFD. 
For developing a profitable product which fulfills the principals of DFD, it requires 
new technologies and new product architecture. One positive progress is govern-
mental pressure reinforced with juridical consequences if manufacturers do not ful-
fill the requirements of producers’ responsibilities. For more information about the 
producers’ responsibilities see section 2.3.

9 Conclusion and discussion
9.1 Fulfillment of purposes
Sixten was developed with a full aspect of design for disassembly. Every detail was 
worked on and brought forth with the principals of DFD in mind. After the explora-
tory phase the root problem became clearer, the critical issues that needs imme-
diately be addressed was the product architecture. Therefore the project has been 
focusing on simplify the notebook’s structure, but we are pleased to have reached a 
balance point where we managed to maintain a high durability and well mechanical 
properties with an appealing aesthetical  appearance for regular users of notebook. 

From the table 7 in section 7.1, the evaluation of the final concept a few disadvan-
tages could be deduced. Demand criteria number 1, should possess a visual dis-
assembly structure where Sixten only scored 2 points. Improvements of this area 
were considered but later discarded, since the main targets are trained dismantling 
personnel, and avoiding undesired dismantling of the notebook by regular users 
was prioritized. 

The number of screws used in Sixten was reduced to only one single screw, which 
is located inside the mono hinge. Different solution were tested and simulated but 
the usage of screw for hinge was inevitable, therefore a compromise was accepted 
to keep only one single screw. But this screw does not need to be removed during 
the disassembly process for material sorting and recycling. For detailed information 
of how the screw affects the disassembly process see section 8. 

The extraordinary shapes of Sixten made it more difficult to manufacture with con-
ventional techniques and methods, even though the materials with high processing 
possibilities were chosen for Sixten. Despite the minor compromises of Sixten, we 
still see Sixten as an successful conceptual notebook proposal for design for disas-
sembly. 

Sixten has an estimated disassembly time of six minutes which is a major improve-
ment compared to the 30-45 minutes it may take to disassemble a conventional 
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MSI Black

Appearance and design

The MSI black has a size and design similar to the everyday notebook. The 
notebook can be seen in figure 48.

Disassembly sequence

In order to take the MSI SVART apart the first step is to loosen a number of 
screws underneath the notebook. This has to be done before any other ma-
jor part can be disassembled from the notebook itself. By unscrewing these 
screws two plastic covers will be allowed to come off as seen in figure 49, 
giving access to some replaceable and upgradable components such as the 
hard drive.   

A total of 21 screws then have to be unscrewed in order to allow the whole 
D surface cover to come off. This can be considered as the first natural step 
in the dismantling process the next step is to flip the computer and focus on 
the C surface.  

Appendix 1 Dismantling of notebooks

Figure 48. The MSI black

Figure 49. The MSI black, underneath surface D with plastic covers removed. 

The keyboard on the top C surface of the notebook is held in place with three 
screws. The keyboard can lifted off once the screws has been unscrewed. 
To separate whole C surface (where the keyboard and mouse pad is locat-
ed) more screws has to be loosened. These screws are connected to and do 
sometimes also go through the motherboard. 

The two hinges that hold the screen in place are attached with two screws 
per hinge, making it a total of 4 screws. 

Conclusion

The dismantling procedure of the MSI black is fairly logical and no special 
tools are needed, even though it consists of large amount of screws that 
holds it together. Sometimes it can be quite hard to locate screws which have 
not yet been unscrewed and this is something that contributes to the long 
dismantling time, about 40 minutes. 

37



Appendix 1 Dismantling of notebooks
MSI Mega book M5100

Appearance and design

The MSI Mega book M5100 has a design similar to the MSI black, even though 
it is a few years older. (Figure 50) 

Disassembly sequence

The underside or the D surface of the MSI Mega book M5100 has four open-
ings in the shell. These four openings are covered with plastic plates. (Figure 
51) Removing these plastic plates, by unscrewing seven screws, gives access 
to electronic components for service and upgrade. 

The structure design of this notebook had several similarities to MSI Svart, 
both used the same dressed design for the structure and shell.

Figure 50. The Mega book M5100

Figure 51. The Mega book M5100

Conclusion

As stated earlier the MSI Mega book M5100 has several structural similari-
ties compared to the MSI black and the case is the same for the disassembly 
procedure. One of the differences between the two notebooks is how easy 
it is to locate the screws, the bright color makes it esier to locate the screws 
and fasteners. 
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Appendix 1 Dismantling of notebooks
MSI Mega book S270

Appearance and design

Disassembly sequence

The plastic cover found underneath has 7 screws that together hold the 
whole notebook together. By losing these screws electrical components will 
be accessible from the C surface. (figure 53) Unlike the other notebooks the 
MSI Mega book M5100, and MSI Svart, the first part to be removed for these 
two notebooks is the D surface. 

The dismantling order is not the only difference between this notebook and 

Figure 52. The Mega book S270

the other two, the MSI Mega book M5100 and MSI svart. MSI mega book 
S270 is smaller in terms of size and the plastic cover for quick accessing the 
inside components on the D surface is made out of one piece, with no other parts 
to cover openings in the shell.  This makes the whole disassembling easier since the 
electronic components inside can be taken out from one single surface opening, the 
D surface. (figure 53)

Figure 53. The MSI Mega book S270, the top surface with keyboard and plastic cov-
ers removed. 

Conclusion
 

The MSI Mega books disassembly structure is focused on accessing the 
components inside the computer from the C surface, unlike the two other 
notebooks which were tested. This is an aspect which shows that there is no 
scandalized way to disassemble a notebook, and that different notebooks can 
differ a lot in the way they are supposed to be taken apart. 
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Appendix 2 Ergonomically evaluations and 
tests

Figure 54. The two different shapes that were tested, shape number 1 to the left and 
shape number 2 to the right. 

Table 9. The result of the shape evaluation. People were given the question: which shape 
do you prefer ergonomically? The column to the left shows the lengths of the test people’s 
hands. 
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Hand lenght (cm) Shape 1 Shape 2
16 1
17 3 2

17,5 3
18 2

18,5 1
19 2

SUM 10 4



Appendix 3 Detailed specification data of 
materials

Table 10. Specified data for the materials evaluated for usage. Due to the huge variations of CFRP’s properties, the specific data were not be presented.  
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ABS Aluminum CFRP Titnium
Young's modulus 1.1 - 2.9 GPa 68 - 82 GPa N/A 90 - 120 GPa
Tensile strength 27.6 - 55.2 MPa 58 - 550 MPa N/A 300 - 1630 MPa

Maximum service temperature 61.9 - 76.9 oC 120 - 210 oC N/A 300 - 500 oC
Primary production energy 91- 102 MJ/kg 200 - 238 MJ/kg N/A 600 - 740 MJ/kg
Primary production CO2 footprint 3.27 - 3.62 kg/kg 11.2 - 13-1 kg/kg N/A 38 - 44 kg/kg
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Rubber

Aluminum
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Anodized
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Matt

Glossy
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See logo color sample

See logo color sample
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Black

USB 3.0

Mini HDMI

SD Card reader

Micro USB 3.0

Audio jacks ( Earphone & Microphone )

9

9

9

10
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13
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PVC

ABS

ABS

Rubber

Laser

Glossy

Trasparent

Texture

Texture

Frosted

Black

Supplied keyboard module from MSI.

Supplied keyboard module from MSI.

Status lights, symbols inside attached files, white LED

WhiteLED

Ventilation holes

14

15

16

17

18
19

20
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