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ABSTRACT 

Finite element numerical analyses were performed to develop a computational model to 
understand the thermal behaviour of welded wood material, instead of experimental 
methods which are likely to be very expensive and time-consuming. This model was 
based on the welding of small wood components of Scots pine (Pinus sylvestris L.) and 
the heat generated was determined by a thermocouple and used as input data in the 
model. The model was based on anisotropic elasticity and isotropic thermal properties. 
The numerical simulation gave information on the distribution of temperature in the 
sample during the entire welding process. A good agreement between the simulation 
and experimental results showed that the model was appropriate for the planning of 
welded wood manufacture and for the prediction of the thermal behaviour of wood 
during other mechanically induced vibration processes.  
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 INTRODUCTION 

The thermal behaviour of wood during mechanically induced wood-fusion processes 
such as wood welding, surface modification etc. is still unknown. To understand 
thoroughly the mechanical behaviour of a welded joint, an efficient and adequate 
accurate numerical model for heat progression in the welding area is necessary. The 
hypothesis is that the 3D-FE models can serve as a prediction tool for the choice of 
welding parameters which lead to the optimal thermo-mechanical performance of 
welded joints. 

EXPERIMENTAL 

Welding of samples  
10 samples with dimensions of 20×96×500 mm were cut from heartwood of Scots pine 
in the longitudinal direction of the wood grain and were welded in pairs to make 5 
welded cubes with dimensions of 40×96×500 mm and a welded area of 48000 mm2. The 
samples were conditioned to 12% moisture content before welding and were welded in a 
M-DT24L Branson welding machine with a vibration frequency of 115 Hz, a joining 
pressure of 1.82 MPa, and a welding time of 72 seconds. Five thermocouples, type K 
series 8103000 with a diameter of 20 mm, were placed in the middle and sides of the 
welding surface to determine the temperature at the welding interface. The side 
thermocouples were placed 2 mm from the edges. 
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Thermo-physical properties of wood  
In this study, the welding process is assumed to proceed in a similar way to the 
pyrolysis of wood, the degradation of wood to char. The friction coefficient (µ) and the 
dissolved material`s (char) heat capacity was found by inverse modelling comparing the 
modelled temperature with the experimental temperature.  

Heat Capacity 

The relationship between the wood specific heat capacity Cp and the temperature is 
displayed in Table 1 (Eurocode 5, 2002). 
 

Table 1. Relationship between the wood heat capacity and temperature 

 
 

 
Thermal conductivity  

In this model, the interphase material conductivity is considered to be the same as that 
of wood up to 175°C (0.285 W/m.K). The thermal conductivity of the char is based on 
an extrapolation of Equation (3) to room temperature (Hankalin et al. 2009). 
 
 λw = 0.285  (W/m.K) T≤ 473 K   (1) 
 λw-c = -0.617 + 0.0038 T – 4 x 10-6 T2 (W/m.K) 473 ≤ T ≤ 663 K   (2) 
 λc = 4.429 x 10-2 + 1.447 x 10-4 T (W/m.K) 663 ≤ T ≤ 923 K   (3) 
 
The FE-model was 3-D thermal-mechanical, using fully integrated elements with 14619 
nodes and 11140 elements. Due to symmetry, only half of the width of the samples was 
modelled (Figure 1). The material was modelled as orthotropic-elastic. The thermal 
conductivity and specific heat were dependent on temperature and field function. All 
numerical simulations in this work were carried out using the implicit FE-code 
ABAQUS standard V12.2. Since the model is simulating frictional heating, the time 
step was set at a small constant value, t=0.0005 seconds. The first step was 0.1 seconds 
and accommodated only the loading to the top sample. 

 

Figure 1: Three-dimensional model showing wood welding set up consisting of two samples with  
25 mm thickness, 500 mm length and 48 mm width 

T(°C) 20 90 100 120 200 250 300 
Cp [KJ/kg.K]  1.53 1.77 13.60 2.12 2.00 1.62 0.71 
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The elastic properties used in this investigation were taken from Eurocode 5 (EN 1995). 
The standard recommends that Poisson’s ratio be set to zero and the relationship 
between the different elastic parameters, where EL = 12 GPa, is shown in Table 2. 

Table 2. Elastic parameters 

Elastic Parameter EL ER ET GTL GLR GRT 
[GPa] 12 0.36 0.36 0.72 0.72 0.108 

EL, ER and ET are the Young’s moduli in the radial direction, tangential direction and 
longitudinal direction respectively. GTL, GLR and GRT are the shear moduli in the 
tangential/longitudinal direction, longitudinal/radial direction and radial/tangential 
direction respectively. 

RESULTS AND DISCUSSION 

The results of the inverse modelling of the friction coefficient can be seen in Figure 2. 
The main shape of the graph is similar to that obtained by Stamm et al. (2005) and by 
Zolalian and Pizzi (2008) for modelled wood-dowel rotation welding. They found that 
about 8% of the mechanical energy could be converted into thermal energy. 

 

 
Figure 2: Inversely modelled coefficient of friction as a function of temperature 

The calculated temperature progression in the weld line over a welding time of 60 
seconds is plotted together with the experimental data in Figure 3. The good agreement 
between the simulation and the experimental results demonstrates the appropriateness of 
the model to accurately predict the thermal behaviour of welded wood. 
 

 
Figure 3: Temperature progression at the welding interface for a welding time of 60 seconds. The 

average temperature calculated by model (Simulation) and the experimental temperature (Experiment) 
together with its 95% confidence interval 
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Observations on the heat flux 
The thermal flux is the rate of heat energy transfer through a given surface and it is 
measured in [W/m2]. The maximum heat flux was 11 kW/m2 and was reached about 7 
seconds after the vibration started (Figure 4). It can be seen that the heat flow steadily 
decreased after 7 seconds, although the vibration was maintained. A possible 
explanation of the decrease in heat flux could be the presence of various gases and water 
vapour that take a large amount of heat energy.  
 

 
Figure 4: Computed heat flow in the welding interface as a function of welding time 

CONCLUSIONS 

The simulation and experimental results showed that the developed model could predict 
the thermal behaviour of welded wood. This model needs further development in order 
to include wood species with different physical properties and dimensions. Thus, a 
parametrical study can be undertaken to improve and optimize the heat generation in 
linear welding in future research work. 
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