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ABSTRACT: The paper presents a method of redesigning a sofa side, in order to be made from composite material based on natural 

fibres. The flow of redesigning activities, considering technical and economical requirements, guides the solving of a certain 

practical case. Starting from the shape of a sofa side whose resistance structure is made by wood and adding the technological 

constraints and the maximum weight requirement, imposed by the beneficiary, a 3D model of it was accomplished.  From this 

model, by adding some ribs, the final 3D model was obtained. The latter one was validated by the FEA method considering loads as 

stated by the standard tests. 
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1. INTRODUCTION 

The furniture industry uses wood to a large extent, 

and wood resources are limited. The partial 

replacement of wood and wooden parts in the 

structure of upholstered products with composite 

materials with a polypropylene matrix and natural 

fibres used to strengthen the material contributes to 

the preservation of the existing forests, lowers the 

level of pollution and of green gas emission, and 

ensures the development of a more competitive 

industry. 

A cubic meter of wood in the furniture industry uses 

6 cubic meters of raw forest wood. While a hectare 

of wood has an annual growth of approximately 6 

cubic meters/year, the production of natural fibres 

per hectare is 2 to 3 times greater, in the case of 

hemp, and 5 to 10 times greater, in the case of 

willow and poplar. Based on this comparative 

situation, the use of a fibre-based composite material 

has the following advantages: 

- It diminishes deforestation; 

- It ensures the production using renewable 

sources which can be harvested annually; 

- Natural fibres are biodegradable; 

- It can be recycled. 

Currently, the production of an upholstered product 

implies the use of a number of wooden supports 

(timber and particleboards), high labour costs and 

increased production time. 

The replacement of wood with composite materials 

allows the production of resistance structures of 

complex shapes, through thermoforming, which 

eliminates the above-mentioned disadvantages.  

 

Within the framework of the research contract 

23PTE/2016, the authors of the current paper 

completed extensive research aimed at replacing 

wood in the resistance structure of the upholstered 

furniture. In this sense, there have been redesigned 

two types of sofa sides, in order to them be made of 

composite material, through thermoforming. 

The composite material was developed by the 

beneficiary of the contract, TAPARO SA from 

Târgu-Lăpuş, one of the important manufacturers of 

upholstered furniture in Romania. TAPARO 

consumes a large quantity of wood every year, such 

as about 75,000 cubic meters of wood in the form of 

lumber and boards. A significant part of this wood, 

after processing, becomes waste. In order to reduce 

the pressure of legal regulations and pricing, and 

considering the reuse and the recycling issues, the 

company has developed its own composite material, 

using a patented process and technology. The 

composite material made by TAPARO SA and used 

for the sofa arms manufacturing consists of a 

mixture of polypropylene and natural fibres, mainly 

hemp. Polypropylene fibres with a length of 4-60 

mm and a linear mass density of 7-16 DEN are 

combined in a proportion of 50% of the total weight 

of the mixture with vegetable fibres having a 

defibration degree of about 70-80 TDEN and a fibre 

length of 60-100 mm [1, 2].  

The interest in solutions to replace wood with other 

recyclable products, which offer benefits in terms of 

the overall cost of the product, have been 

approached in the works [4, 7]. 
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2. REDESIGNING COMPONENTS TO 

REPLACE WOODEN PARTS WITH 

COMPOSITE MATERIALS 

In paper [3] there was suggested a method of 

redesigning the parts to be realized of composite 

material, through thermoforming. The method 

implies the completion of a 3D model of the part 

based on the outer shape of the upholstered product 

by scanning and removing the comfort layer (e.g. 

sponge). Subsequently, the 3D model is optimized in 

accordance with the functional requirements and the 

technology defining the production from composite 

material. The optimization is a mandatory stage with 

regard to the achievement of the functional 

parameters with a minimal amount of material, 

under technologically favourable circumstances.  

A two-phase optimization method for designing the 

shape and thickness of shell structures made of 

composite materials is presented in the paper [4]. 

The diagram of sofa side redesign and optimization 

is illustrated in Figure 1.  

 
Figure 1. Redesign of the activities flow 

After establishing the shape of the outer surface of 

the resistance structure of a part of the upholstered 

furniture, a 3D model of it is realized, in accordance 

with the technological requirements imposed by the 

process of thermoforming. Then, based on the 

functional requirements (the method of attaching it 

to the larger unit, the pressure it has to withstand, the 

testing standards, etc.) and on the cost accepted by 

the beneficiary, there is determined the weight of the 

part and its thickness. Based on the first 3D part 

model, with the previously determined thickness, 

there is obtained a second 3D part model. 

Considering the specific load test to which the final 

product is submitted, there follow a set of FEA 

analyses and the modification of its shape in view of 

obtaining results corresponding to the tests and 

diminishing the weight of the part. 

3. SOFA SIDE OPTIMIZING. A CASE STUDY 

At the request of the beneficiary, in order to offer the 

possibility to implement the project for more 

variants of sofas, there has been analysed the 

redesign of a side that can be used in the case of 

several models of sofas. The model chosen for both 

sofa sides is identical, the left-right mirroring 

resulting from a horizontal reversal of the sofa side. 

After obtaining the outer surface of the sofa side, 

there was realized the first 3D sofa side model. The 

beneficiary imposed that the weight of the part be 

lower than 3 kg. Under these circumstances, there 

was determined that the thickness of the part had to 

be less than 4 mm (equivalent of 2.645 kg).  Figure 

2 shows a cross-section of the second 3D sofa side 

model, which is made of an inner and an outer shell.  

 

Figure 2. Second 3D part model 

The FEA analysis of the model in Figure 2 revealed 

that the sofa side does not comply with the imposed 

requirements. Thus, at the test of horizontal 

pressure, there was obtained a von Mises equivalent 

stress of 21.48 MPa and a strain of 21 mm. The 

material was described in paper [5], and for samples 

from plates of the same composite material, with a 

thickness of about 3 mm, there was obtained a 
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tensile strength of 19.1 MPa. It can be easily noticed 

that the variant presented in Figure 2 cannot 

withstand the due pressure (Table 1). The weight-

imposed rules out the possibility of increasing the 

thickness of the shells. There have been tried 

different variants of increasing the stiffness through 

finning, and finally there was realized the model 

presented in Figure 3.  

 

Figure 3. Final 3D sofa side model 

For the final model in Figure 3 there have been 

established the surfaces of attachment and the forces 

in accordance with the standards (Figure 4). 

 
Figure 4. Fixed geometry and loads 

There were completed static load tests, with 

horizontal force (FH=350 N) and vertical ones 

(FV=700 N), according to the standard SR EN 

1728:2012+AC:2013, clause 6.10 and 6.11.  

Some aspects regarding numerical modelling and 

FEA analysis are shown in [ 6, 7]. 

Table 1 presents the FEA analyses results for the 

models in Figure 2 and Table 2 shows the results of 

the final model.

Table 1. FEA analyses results 

No. Static nodal stress (von Mises) Static displacement 

1. 

Second 3D part model (Figure 2) 

Static horizontal load test FH=350 N 

Mesh: curvature based - 3 mm 

  
e=21.48 MPa URESS=21 mm 

 

 

 

 

Table 2. Final model - FEA analyses results 



 34 

No. Static nodal stress (von Mises) Static displacement 

1 

Final 3D part model (Figure 4) 

Static vertical load test FV=700 N 

Mesh: curvature based - 3 mm 

 

 
e=10.67 MPa URESS=3.82 mm 

2 

Final 3D part model (Figure 4) 

Static horizontal load test FV=700 N 

Mesh: curvature based - 3 mm 

 
 

e=8.63 MPa URESS=6.33 mm 

3 

Final 3D part model (Figure 4) 

Static vertical and horizontal load test FV=700 N; FH=350 N 

Mesh: curvature based - 3 mm 

 

 
e=10.28 MPa URESS=6.89 mm 

 

Table 1 shows that the maximum stress was reduced 

to 10.7 MPa and the maximum displacement is 6.89 

mm. These results are acceptable from the point of 

view of the safety factor and the part deformation. 

Based on the final model from Figure 3, the moulds 

of inner and outer shell are designed (Figures 5 and 

6). 

The moulds shown in Figures 5 and 6 were made of 

Aluminium EN AW 7075 by milling on a CNC 

milling machine.  

 
Figure 5.  Mould for inner shell 
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Figure 6.  Mould for outer shell 

4. CONCLUSIONS 

During the FEA analysis, it was found that the mesh 

size significantly influences the value of the results 

[8]. 

By selecting the mesh parameters, we sought to 

obtain optimal results on the simulation time and 

their value. 

The results from Tables 1 and 2 were obtained for 

the following settings: 

- Mesh parameters – curvature-based mesh; 

- Maximum element size - 3mm; 

- Minimum element size - 1.6 mm. 

Considering 15 MPa Yield strength for the 

composite material, the minimum safety factor (1.4) 

was obtained at the static vertical load test FV=700 

N.  

It has been found that by modifying the shape of the 

final model, in the embodiment of 5 vertical ribs and 

2 horizontal ribs, both on the inside and the outside 

shell, the model has been optimized to meet 

functional and economic requirements. The final 

weight of the final model is 2.68 kg, compared to 3 

kg imposed by the beneficiary. 
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