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A new method for bending solid wood −  
high frequency heating of beech 

D. Sandberg, J. Johansson1 

Abstract 
In their natural state, most hardwoods can not be bent to any appreciably small radius of curvature, either to fracture 
or to the relation of elastic properties sufficient to cause spring back to approximately the original shape when the 
bending force is removed. Some species, when subjected to heat in the presence of moisture (usually by steaming or 
boiling), become semi-plastic and their compressibility is greatly increased.  

If the bent material is held in shape after bending, and subsequently dried and cooled, the wood tends to become 
rigid and to “set” in almost exactly the curved shape imposed on it by bending. The rate of production using traditional 
methods for solid wood bending is very slow and there is desire from the industry to be able to reduce the processing 
time and thereby reduce the production costs. 

A new method for solid wood bending is presented in this paper. The method is based on the use of a high frequency 
technique for heating, plasticizing and drying the wood in a single sequence. One of the purposes to using high 
frequency heating is to decrease the time of the bending process. In practice this means reducing the time for 
bending and drying a straight piece of solid wood from a moisture content of about 25 % to 6–8 % from about 24 
hours to about 10 minutes. This makes high demands on the control of the moisture content, temperature and strain 
fields that occur in the wood during bending. 

 
Introduction 
It is difficult to bend air-dried wood without prior plasticization. One reason for this difficulty is the low 
extension of wood before tensile failure occurs; see i.e. Prodehl (1931). After plasticization a 
combination of bending and compression in the longitudinal direction of the wood can be used to limit 
the extension of the wood in tension.  
Softening by steaming is the most usual means of making wood semi-plastic for bending, but any 
treatment that heats the timber to about the boiling point of water without detriment to its structure and 
without causing it to dry appreciably will serve. Wood can be softened by heating by fire or in a naked 
gas flame, in wet sand or in boiling water and by radio frequency (Stevens et al. 1948, 1970). Methods 
for plasticizing by chemical agents, e.g. urea, liquid ammonia, have been developed by several 
researchers, see i.e. Schuerch (1963), Davidsson (1969), Davidson et al. (1970), Bach (1973), but 
these methods are used to only a limited extent. 
The time for drying the curved wood products is long and this is a disadvantage in a productivity 
context. By using an electromagnetic field, high frequency, microwaves etc, it should be possible to 
reduce the drying time of the bends. Plasticizing wood with microwaves or other frequencies has been 
studied for several years; see i.e. Ikuho et al. (1981). Research into the microwave drying of wood has 
been going on since the early 1960’s (Antti 1999). The theoretical approach to heating wood with an 
electromagnetic field is well documented by Torgovnikov (1993). 
In this paper, a new improved method for solid wood bending is presented. A high frequency energy 
field (13,56 MHz) is used to heat and dry the wood. The pressing equipment is designed to give an 
axial compression force during bending. 
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The bending process 
In this process for bending solid beech wood (Fagus silvatica L.), the wood at a moisture content of 
20−25 % is heated, bent and dried in a single sequence. The heat is generated by high frequency 
equipment in which the wood is placed and thereafter curved in a form tool.  
The wood in the tests presented here had initial dimensions of 35 x 52 x 452 mm and was bent to a 
radius of 486 mm at moisture content of about 6 %. The curved wood was then processed to an arm-
rest, (Figure 1). 
 
Form tool for bending 
The form tool is of male and female type, made of plywood and sheeted with aluminium and plastic with a 
thickness of 2 mm (Figure 2). The tool is loaded with a maximum of 21 pieces of wood. The wood is 
placed in a metal sheet with metal end-stops (tension-plate, see Figure 2), to prevent the tension strains 
in the wood during bending from exceed 1 %. To make it possible for the vapour in the wood to evaporate 
in the longitudinal direction of the wood, evacuation holes are drilled in the end stops, (Figure 3). The 
concentration of vapour in the form tool inevitable leads to flash-over in the electromagnetic field. 
 

   
Figure 1 – Beech wood in different manufacturing steps to a finished arm-rest: a) clear beech wood  

at 25 % moisture content; b) curved wood at 6 % moisture content; c) after planing of two sides;  
d) After CNC-machining and sanding; e) the arm-rest after lacquering. 

 

  
Figure 2 - Cross section of the form tool for solid wood bending (left).  

Wood in the tension-plate before bending (right). 
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Figure 3 – Evacuation holes are drilled in the end stops of the tension-plate. 

 
Press equipment and layout of the process  
During bending the form tool is placed in an 80 ton press, 
Figure 4, equipped with a high frequency (HF) generator. 
The HF-generator (Ib Obel Pedersen T30L) is a single-end-
system with an electric earth plane. The HF-effect is 33 kW 
and the frequency 13,56 MHz. 
Figure 5 shows the layout of the line for solid wood bending 
and the different positions of the form tool. The form tool is 
loaded with wood pieces at moisture content of about 25 % 
(7). The tool is then transported via (8) to the HF-press (9). In 
the press, the wood is heated, bent and dried to a moisture 
content of about 6 %. After the bending, the tool is 
transported between the stations (2) and (4b) during the 
cooling of the wood.  At (5), the tool is opened and the bent 
wood is taken out of the tool, checked for damage and 
stacked for further processing. Table 1 gives an example of 
the processing times in the different positions. The total time 
from loading of unbent wood to unloading of bent and dried 
wood is 26 minutes. The bending takes in all 10 minutes, 
which means that three form tools can be used at the same 
time. 
  

 
Figure 4 –Wood in the form tool after 

bending in the 80 ton press. 
 

The bending process 
The bending of wood in the HF-press consists of three stages: heating, bending and drying of the wood.  
In each stage, both the power (current intensity) and the time for the current to the tool can be 
regulated. In the bending stage, the loading speed can be regulated. Each stage is regulated by a 
control program that makes it possible to tailor programs for specific purposes. 
Figure 6 show an example of a program for the bending of beech, both the adjusted values in the 
control program and the actual current from the HF-generator. In the first 30 seconds the current rises 
to the adjusted value and it is maintained at that level with a precision of ± 0.1 A for the rest of the 
heating stage (0−310 s). The temperature in the wood normally rises to 80−100°C during this stage. At 
the end of the heating, it is important that the wood does not have too low a temperature or too low a 
moisture content, otherwise the plasticizing effect will not appear. 
During the bending stage the press is closed and the wood is curved. The control system then adjusts 
the current to the control level when the distance between the HF-electrodes (the female and male 
parts of the tool) changes. At the end of this stage the current is at the adjusted value ± 0.2 A. The 
speed of the press is about 0.04 m/min. 
In the drying sequence, the output current is stabilised at the adjusted value ± 0.1 A. 
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Figure 5 – Layout of the line for solid wood bending and the different positions of the form tool (1−9).  

(1) Change in direction of the tool; (2−4b) Waiting stations; (5) Unloading of bent wood; (6) Storage for tools; 
(7) Loading of the tool; (8) Change in direction of the tool; (9) HF-Press: heating, bending and drying 

 

  
Figure 6 – Example of a program for the bending of beech, showing both the adjusted values in the 

control program and the output current from the HF-generator. The three stages are heating  0−310 s, 
bending 310−470 s and drying 470−860 s. These three stages make a sequence. 

 
Table 1 – An example of the processing time in the different positions, see Figure 5. 

Position  Cycle time 
(seconds) 

Total time 
(seconds) 

7 Wood pieces in the closed form tool 0 0 
8 Transportation to pos. 8  11 11 
9 Transportation to pos. 9 40 51 
9 The press is waiting for the start of the computer 

program 
20 71 

9 Bending process: heating, bending and drying 620 691 
9 End of program and start of transportation 21 712 
1 Transportation to pos. 1 33 745 
2 Transportation to pos. 2 26 771 
3 Waiting at pos. 2 and transport to pos. 3 190 961 
4a Waiting at pos. 3 and transport to pos. 4a 200 1 161 
4b Waiting at pos. 4a and transport to pos. 4b 190 1 351 
5 Waiting at pos. 4b and transport to pos. 5 190 1 541 
5−7 Place for loading and unloading of the form tool - - 
 Total process time: 26 minutes 
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Moisture content and temperature in the wood during processing 
Figure 7 shows the temperature and moisture content in beech during the bending process. The 
curves are mean values for 21 wood pieces and the temperature was measured at the centre of each 
piece. The current and time in each stage of the bending sequence are shown in Table 2. 
Figure 7 also shows the rejection of curved pieces. This is the proportion of the total number of curved 
pieces that do not satisfy the requirements in bending radius or are not free from tension or 
compression damage, cracks etc. 
When the wood is heated, the temperature rises from about 25°C to 80°C and the moisture content is 
simultaneously reduced from 22 % to 14 %. During the heating stage, the rejection is by definition 
100 % as the pieces are not yet curved. 
During the bending stage, the temperature is lowered a few degrees and the moisture content drops 
rapidly. At the end of this stage the moisture content is about 10 %. If the process were stopped at this 
time, the rejection would be 100 % as a consequence of spring-back of the curved pieces. 
 

Table 2 – Current, time and pressing speed in the control program. 
Sequence Current (A) Time (s) Bending speed (m/min) 
Heating 4.0 260 0 
Bending 3.5 120      0.04  
Drying 3.0 360 0 

 

 
Figure 7 – Temperature, moisture content and rejection as a function of time during the bending of 

solid beech wood.  
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Figure 8 – Rejection of wood pieces of beech at different times during the bending process.  
Current, time and pressing speed in the control program were in accordance with Table 2. 
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During the drying stage the moisture content must be lowered to a level where the curved shape will be 
fixed at the required radius. In Figure 7, it is clear that the moisture content falls as long as the drying 
continues until no water remains in the wood. The temperature rises from 80°C to about 90°C during 
360 seconds. The rejection falls from 100 % to 20 % during a time period of about 60 seconds and then 
rises again. When the bending process ended the rejection was 40 %.  
The results in Figure 7 show that there is a relatively short time span during which the process should 
be stopped to ensure a low rejection of the bended pieces and not too low a moisture content. The 
optimal processing time is of course dependent on the energy input into the wood.  
Different types of damages that occur in the wood during the bending process are shown in Figure 8. 
As already mentioned, the wood is not curved during the heating sequence and is then by definition 
rejected. Another reason for rejection during the heating may be a rupture of cell walls if the steam 
generated within the cells of the wood finds difficulty in escaping, but this was not observed here.  
When the sequence is ended after the bending is finished, the main reason for rejection is spring-back 
of the pieces which leads to too large a radius (spring-back). Rejection may also occur because of 
tension or compression rupture, especially if the heating stage is too long. 
During the drying stage, the rejection from spring-back decreases until it no longer occurs. Continuous 
drying leads to an increase in tension damage. Some of the tension damage and especially the 
compression damage that may occur in this stage is a result of the earlier process stages. 
 
Conclusions 
High-frequency heating can be used for plasticizing and drying beech wood in a single sequence high-
speed solid wood bending process. However, a good control on the moisture content of the raw 
material is needed and the equipment for bending must be designed to prevent flash-over in the 
electromagnetic field and to prevent steam in the wood from rupturing the cell walls. 
To reach a low rejection level in the bending process, the process parameters, i.e. input energy and time for the 
different processing stages, have to be well controlled since the time-span for optimal bending is very small. 
Further development of the solid wood bending process and refinement of the control program will 
result in less rejection of bent wood and a shorter processing time. This work will continue with the 
testing of other species, in the first hand birch. 
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