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Nowadays, low price furniture is often of low quality, while high quality 
furniture is too expensive for many people. Modularity can be an opportunity 
to manage the challenge to produce affordable furniture, i.e. furniture with the 
required quality, at an acceptable price. In 2014, the Modos modular furniture 
system was launched. It consists of standardized aluminium connectors and 
wood-based panels with which various types of furniture can be assembled 
many times, without the need for any tools. From an environmental, economic, 
and aesthetical perspective, the use of aluminium is questionable. By 
replacing it with wood-based materials, the situation can be improved. The 
objective of this study was to adapt the geometry of the aluminium connectors 
in a way that enables the use of wood-based materials, without considerably 
compromising the strength or the aesthetical appearance. The design of the 
connectors was based on customer needs, finite element analysis, and the 
results of bending tests on prototypes. Different design concepts were 
created, and in an iterative process the concepts were reduced to a single 
final design. A comprehensive prototype of the final design is presented in this 
paper; a stable and robust furniture system of sleek design, which has the 
potential to appeal to both furniture designers and the final customer. By 
applying different surface finishes or using different wood species, the design 

can be customized easily in order to attract a wide range of customers. 
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1. INTRODUCTION 
 

Mass customization is a well-known buzzword in the modern marketing landscape. 

Customization for everyone implies products, which are tailored to a specific customer, while 

still being affordable by many people. Nowadays, automobiles can be customized in many 

ways, and countless combinations of colours, interior materials, and special features are 

offered. The hardware of computers can be customized from a pool of components. Google 

plans to release a fully customizable smartphone. Companies like Nike offer sports shoes with 

numerous personalization options. 

 

Mass customization is also implemented in the furniture industry, where customers are given 

the opportunity to assemble closets, dressers or shelves from a set of different components. At 
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first sight, this approach fulfils the definition of mass customization. The products are 

customer-tailored and the price is low compared to that of similar products without 

customization options. However, there is a catch. The low price may be a consequence not 

only of large purchase volumes of a single product, but also of poor material quality. For 

some products it cannot be considered to be particularly high, and material dimensions are 

often close to the limit that can be acceptable for the strength of the product. Careless 

assembly of the products can lead to irreparable damage, and multiple assembling and 

disassembling may quickly wear out the joints between the components.  

 

On the other side, high quality and custom-made pieces of furniture are often not affordable 

by many people, and once assembled it is often not possible to make changes to the furniture 

or disassemble them.  

 

How can this disadvantage be solved? Modularity may be the answer. Modularity means that 

the components of a product are not interdependent. Incorporation of standardized interfaces 

between components allows the manufacturer to offer variations of each component of a 

product without changing the overall product architecture. Just by offering various material 

options, surface finishes, or ways of assembly, the number of possible combinations easily 

rises to four digits. 

 

In recent years, several furniture systems with varying levels of modularity have been 

introduced to the market. An example is the modular shelving system by Movisi, called Build, 

Figure 1. Although, it is a smart solution, there are some limitations: It is expensive and not 

particularly space efficient. 

 
Figure 1. Modular shelving system by Movisi (Archello 2015) 

 

In the end of 2014, the so-called Modos modular furniture system was introduced to the 

market (Modos 2015). It consists of rectangular wooden panels and standardized aluminium 

connectors, Figure 2. Without any tools, it is possible to assemble many different pieces of 

furniture, e.g. chairs, shelves, or tables, Figure 3. The possible combinations are practically 

unlimited. When disassembled, the components fit into a flat package. 

 

 
Figure 2. Examples of the Modos modular furniture system (Modos 2015) 
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Figure 3. Assembly of the Modos modular furniture system without any tools (Modos 2015) 

 

Despite the great potential of the Modos furniture system, it also possesses some weaknesses. 

Like many other high quality furniture products, it is rather expensive. The standard 

bookshelf as seen in the background in Figure 2 has a market price of about USD 550. The 

table with a glass plate carries a price tag of USD 850 (Tyson 2015). The high costs 

somewhat defy the purpose of a modular furniture system. It takes the word mass out of mass 

customization. Using aluminium as the connector material is certainly not the best choice 

from an environmental perspective, even though it can be recycled. According to Slavid 

(2005), the production of aluminium raw material consumes about twenty times as much 

energy as the production of sawn timber.  

 

The purpose of the present project was to develop a new modular furniture system, which 

maintains the main principle and strengths of the original Modos furniture system, while 

reducing its weaknesses. Due to its low environmental impact, wide availability, and in 

general low price, wood is to be used as the predominant material in the system. The objective 

was to create a high quality product, which is flexible, appealing, and affordable, while still 

being considered "green". 

 
2. THE DEVELOPMENT PROCESS 
 

The product development process of the wood based-modular furniture system followed 

seven stages: (1) Analyzing the product, (2) concept generation, (3) concept selection, (4) 

detail design, (5) raw material evaluation and testing, (6) prototype testing, and (7) evaluation 

of suitable manufacturing processes. This report describes stages 1, 2, 3, 4, and 6. Stage 5 has 

been discussed by Neyses and Sandberg (2015), and stage 7 is beyond the scope of this 

manuscript.  

 
Analyzing the product 
Before the concept generation stage was started, the existing Modos furniture system was 

analyzed to gain a better understanding of its functionality, strengths and weaknesses, 

especially in comparison to an entirely wood-based system. Different methods, such as the 

analytical hierarchy process, function analysis, and objective tree method, were applied. 

Based on the results, as well as on a target customer group interview, a list of customer needs 

was ranked according to their relative importance, Table 1. The relative-importance values 

have to be treated with caution as they are based on subjective data. For this reason, the 

ranking provides only a general understanding of the importance of the customer needs. The 
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‘green’ aspect was not considered in the ranking, as it is a pre-requirement to differentiate the 

product from the original Modos system. 

 

Table 1. Customer needs of the modular furniture system ranked after relative importance 

Customer need Relative importance [%] 

Aesthetic design 18 

Easy to assemble 14 

Safe to use (e.g. no sharp edges) 14 

Solid build quality (e.g. no relative movement between parts) 12 

Can bear excessive load 12 

Consistent quality 11 

Low price 6 

Easy to transport 6 

High impact and scratch resistance of surfaces 4 

 

The so-called ‘house of quality’ concept presented by Clausing and Hauser (1988) was 

applied to translate the customer needs into product specifications, and in this case, a 

simplified version developed by Westrick and Cooper (2012) was used. The most important 

specifications are shown in Table 2. Due to the subjective nature of the aesthetic properties, 

some of the product specifications are rather vague. Nonetheless, they still had to be 

considered during the later stages of the product development process. 

 

Table 2. Product specifications of the modular furniture system ranked after relative 

importance 

Product specification Importance [%] 

High structural strength (e.g. bending strength and stiffness) 12 

Attractive surface appearance 11 

Nice dimensional proportions 10 

No tools required for assembly 9 

No ambiguities during assembly 9 

Low weight 7 

High robustness against impacts 7 

Rounded edges 6 

High surface hardness 6 
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Concept generation and selection 
After establishing the product specifications, 17 different design concepts were generated. 

Methods such as brainstorming, theory of inventive problem solving (TRIZ), and 

morphological charts were used to encourage outside-the-box thinking. Some of the concepts 

were close to the original Modos system, while others had almost nothing in common with 

this concept. At this early stage, the ideas were visualized through hand sketches, Figure 4. 

 

 
Figure 4. Initial design concepts for connectors presented as hand sketches. 

 

Three variations of the so-called ‘Pugh analysis’ (Westrick and Cooper 2012) were applied in 

order to decrease the number of design concepts for further analysis. The simplest variant was 

based on un-weighted assessment criteria and a three-step assessment scale. The most 

complex variant included weighted criteria and a seven-step assessment scale. In this way, the 

robustness of the concept-selection method was improved. Only those concepts, which were 

given priority by all three versions, were developed further, Figure 5. Figure 6 shows the 

design concept No. 10, which is basically a variation of concept No. 2, presented in Figure 5. 

It is composed of three pieces of solid wood, glued together. As a result, each connection 

direction has the optimal grain direction in relation to the loads. The other concepts presented 

in figure 5 are intended to be composed of plywood to obtain sufficient strength in multiple 

connection directions. 

 

 
 

Figure 5. Design concepts remaining after the first selection stage.  
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The numbers are related to the hand sketches presented in Figure 6. 
 

 
 

Figure 6. Design concept No. 10 for a connector, composed of three pieces of wood. 

 
Detail design and prototype testing 
The remaining concepts (Nos. 1, 2, 6 and 13) were optimized with respect to their behaviour 

under load, based on the results of finite element analysis (FEA), carried out with the software 

SolidWorks 2014. Figure 7 illustrates the load case that was used for the FEA. A 1000 N 

force was distributed over the whole top surface of the horizontal panel, to resemble a person 

with a weight of 100 kg sitting on a stool. The material model used in the FEA was isotropic, 

since the purpose was only to evaluate the geometry of the connectors and not the material. 

Table 3 shows a summary of the results from the FEA. The concepts Nos. 6.1 and 10.1 are 

improvements of the original concepts. In both cases material was added to increase the 

strength. The displacement of concept No. 6.1 was still too high. For this reason, only the 

concepts Nos. 2 and 10.1 were developed further. Concept No. 13 was kept as a last resort 

backup in case physical strength tests would reveal that the other two concepts were too weak 

nevertheless. 

 

 
 

Figure 7. Load case used in the finite element analysis 

 

 

 

 

 
 



The 27th International Conference                                      Research for Furniture Industry 

September 2015, Turkey 
 
  

 
Neyses

 
 and Dick Sandberg (2015) “Development of a wood-based modular furniture system”. 

 

 

Page | 14 

Table 3. Results of the finite element analysis. Bold numbers indicate the concepts, which 

were kept under consideration after the finite element analysis. 

Concept No. Maximum stress [MPa] Maximum displacement [mm] 

1 28 1.5 

2 19 1.0 

6 38 1.8 

6.1 14 1.4 

10 24 1.2 

10.1 18 1.2 

13 14 1.1 

 

Prototypes of design concept No. 2 were produced with the help of a 3-axis CNC routing 

machine, and a three-point bending test was carried out as shown in Figure 8. The prototypes 

consisted of two connectors and three panels with a thickness of 12 mm. The connectors were 

made of birch plywood with a veneer thickness of either 0.5 mm or 1.2 mm, while the panels 

were made of construction plywood or solid cumaru wood, a relatively cheap tropical 

hardwood species. 

 

The material combination of birch plywood connectors and solid cumaru panels failed under a 

laod of approximately 900 N. A similar setup under real conditions consists of four instead of 

two connectors, resulting in an even higher load-bearing capacity. It can also be noted that the 

dimensions of the prototypes can easily be scaled up to further increase the total load-bearing 

capacity. 

 

 
Figure 8. Strength test setup consisting of three panels and two connectors 

 

3. SELECTION OF THE FINAL DESIGN OF CONNECTORS 
 

Since it was concluded that concept No. 2 has sufficient strength for use in the modular 

furniture system, it was chosen as the final design. Concept No. 10.1 was essentially identical, 

but since it consisted of three parts, the production process was judged to be more complex 
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than that of connector No. 2. It was therefore not developed or tested further. However, in the 

future it might be offered as another customization option. 

 

Based on connector No. 2 with connection sites, three more connector versions were derived, 

as shown in Figure 9. These are required to assemble a complete furniture setup.  

 

 
 

Figure 9. The final design of four different connectors, all based on the original connector No. 

2 with three connection sides, shown to the left. 

 

A set of prototypes of the final design was manufactured. The previously mentioned birch 

plywood with a veneer thickness of 0.5 mm was used for the connectors. The panels were 

made of construction plywood. With these connectors and panels, a small bookshelf was 

assembled in order to showcase the product, Figure 10. 

 

The bookshelf proved to be more stable than expected. It was possible for two persons to sit 

on the shelf, one on each side, without any considerable deformation. Overall, it appears to be 

rather solid, despite the cheap and comparatively low quality of the plywood. The Initial 

feedback from potential customers was positive and indicated that the design was perceived to 

be appealing, sleek, and novel. 

 

 
 

Figure 10. Bookshelf assembly of the wood-based modular furniture system. 

 
4. DISCUSSION 
 

From a technological perspective, the greatest challenge during the product development 

process was to achieve a sufficient strength of the connectors, in combination with an 
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attractive and slender design. For this reason, concept generation and prototype testing were 

the two most critical and time-consuming activities of the whole project.  

 

The geometry of the product was found to be more important for the structural strength than 

the type of material. Even though high quality and rather expensive birch plywood with a 

veneer thickness of 0.5 mm was used to produce the final prototype, regular birch plywood 

with a veneer thickness of 1.2 mm is probably strong enough. The innovative self-bonding 

plywood developed by Cristescu (2006), can also be considered for utilization in the future. In 

the context of this project it has been studied by Neyses and Sandberg (2015). 

A great advantage of the new wood-based modular furniture system is its scalability, so that it 

is easy to adapt the product to more demanding load situations. No change in the proportions 

of the connectors is required.  

 

The variability of the product from an aesthetic perspective is an advantage: many different 

types of furniture can be assembled with the same components, and there is a high variability 

within the components. The connectors and panels can be finished in many different ways, 

from subtle oil finishes to colourful staining. In addition, different materials can be used: 

various types of plywood, as well as common and exotic solid woods. The possible 

combinations are practically endless. Depending on the materials used or the type of finish, 

the product may appear luxurious, functional, flamboyant, or understated. 

 

Before the product is completely ready to be launched on the market, some issues have to be 

addressed. It was not possible to test how the furniture will behave under a long-term 

exposure to load, but this will probably not be a problem because the components are not 

pushed to their limits under regular conditions.  

 

The production costs have only been estimated, based on the manufacturing of the prototypes. 

The material cost of the connectors for the bookshelf prototype in Figure 10 was 

approximately EUR 30. The material cost for the panels was EUR 20. In a large-scale 

production it may be possible to reduce these costs by 75% through a higher raw material 

yield, and a supplier discount for large material orders. Assuming that the material costs 

amount to 30% of the overall costs, the price for a reasonable variant of the prototype 

assembly could be as low as EUR 60. A premium version with exotic wood panels, for 

instance, could cost more than EUR 300. A similar, but somewhat larger assembly of the 

Modos furniture system with ca. 30% more parts and plywood boards is sold for roughly EUR 

450 (Tyson 2015). Even though it is not possible to announce specific manufacturing costs at 

this point, the wood-based modular furniture system is probably not more expensive than the 

Modos furniture system. 

 

5. CONCLUSION 
 

This project has shown that it is possible to transform the original Modos furniture system 

into an entirely wood-based product without considerably compromising its structural 

stability and aesthetic appearance. The final prototype was fully functional, had a pleasant 

appearance, and was more stable than expected. It is impossible to predict how the future will 

unfold, but it is safe to say that the wood-based modular furniture system has the potential to 
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give many people access to a solid quality and flexible furniture system with a low 

environmental impact, all at a reasonable price.  
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