
8th International IUFRO Wood Drying Conference - 2003

156

Design And Performance Of An Industrial Microwave Drier
For On-Line Drying Of Wood Components

L. Hansson Luleå University of Technology, Department of Wood physics
Campus in Skellefteå,
Skeria 3, S-931 87 Skellefteå, Sweden
E-mail: Lars.Hansson@tt.luth.se

A. L. Antti Luleå University of Technology, Department of Wood physics
Campus in Skellefteå,
Skeria 3, S-931 87 Skellefteå, Sweden
E-mail: Lena.Antti@tt.luth.se

ABSTRACT

      The most common industrial method for drying wood is by air circulation. However, an alternative method—
microwave drying—has been investigated at the Division of Wood Physics, Luleå University of Technology in
Skellefteå, Sweden. The use of microwave energy to dry wood is not very common, but it could be advantageous due
to the possibility of heating and drying wood much faster than conventional methods and with preserved quality. The
objective of the investigation is to install an on-line microwave drier for wood components and, furthermore, to
integrate this drying process into the total production. The purpose of this paper is to briefly describe the design and
performance of this on-line microwave drier, its advantages and its limitations.

INTRODUCTION
      Microwave energy can be used to heat dielectric
materials. Wood is a dielectric material in which all
charges are bound rather strongly to constituent
molecules. If the wood is exposed to an electric field,
which the microwave creates, the electrostatic charges in
the wood begin to oscillate. These oscillations give rise to
heating due to friction heat from the oscillating charges.
This method is used in many processes within industry in
order to heat and dry different products. Drying wood by
microwave energy is not so common, but has been
investigated in recent years by several scientists: Antti
(1999) has investigated the heating and drying of wood
using microwave power; Perré and Turner (1997) have
investigated microwave drying of softwoods in an
oversized waveguide; Torgovnikov (1993) has
investigated dielectric properties of wood and wood-based
materials. Furthermore, comparisons with conventional
air circulation drying have shown that it is possible to dry
wood much faster with microwave energy without
deteriorating the quality of the dried products. Using
microwave power, it takes less than five hours to dry
green wood to a moisture content (MC) of about 7%.

However, this depends on the kind of wood and the
thickness and length of the products. Another result of
microwave drying of wood is that colour change is almost
nonexistent. 
      At Luleå University of Technology (LTU), research
into microwave drying of wood continues with focus on
an on-line dryer. An industrial-scale, on-line microwave
construction for wood components is under development.
The drier will be mainly used for demonstration, product
testing and for students’ laboratory work. The purpose of
this report is to briefly describe the design, advantages and
limitations of this on-line construction.

MICROWAVES IN WOOD
      Dielectric materials are nonconductive or are poor
conductors of electric current. When dielectric materials
are placed in an electromagnetic field, there is practically
no electric current, and compared with metal they have no
loosely sitting or free electrons that can drift through the
material. Instead, an electrical polarization occurs, which
means that the positive charges move into the same
directional orientation as the electric field and the negative
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charges in the opposite direction. This small separation of
the charges, or polarization, reduces the electric field
inside the dielectric material. When a material is exposed
to an electrical field, three possibilities can arise: the
energy can be reflected, transmitted or absorbed, which
entirely depends on the material properties. Because of
this, the material will not be heated at all, or it will be
heated up slowly or just certain parts of material will be
heated up. A dielectric material is characterised by a
complex, frequency-dependent dielectric constant:
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where the real part ε ′  measures how many times greater
the electrostatic charge arising in the material is than that
in a vacuum. The complex part ε ′′ is the relative loss
factor, which measures how well the material absorbs
energy from the electrical field and how much energy will
be converted to heat.
       Wood is a biological dielectric material with a
complex structure. If wood is placed in an electric field,
both the field and the wood influence each other, which
creates electric current in the material. Interaction
between electromagnetic fields and wood has been
thoroughly investigated by Torgovnikov (1993). These
investigations have shown that the dielectric properties of
wood depend on the MC, density, material temperature
and direction of electric field relatively to fibre direction.
As a result, the dielectric property of wood will change
during heating and drying. 

GENERATIONS OF MICROWAVES
       A magnetron is usually used to generate microwaves.
The magnetron is a vacuum tube containing a cylindrical
cathode and a coaxial anode. Between these, the electrons
move in curved paths influenced by an electric field and a
magnetic field. When the electrons move toward the
anode, energy is emitted into the microwave field, which
is transported out to a wave-guide. In this on-line drier,
several standard magnetrons working with a frequency of
2.45 GHz generate the energy. The power of the
magnetrons is 1 kW, and the wave-guides that are used
are simple rectangular pipes, which are dimensioned for
the current frequency.   

THE APPLICATOR
      In many industrial microwave installations, as well as
in domestic microwave ovens, multimode applicators are
used. A multimode applicator is a metal box (cavity, see
figure 1) into which the microwaves are guided. Inside the
cavity, the waves reflect against the walls. Furthermore,
the waves interfere with each other and thereby distribute
the electric field intensity in the cavity space. The field
distribution depends on the design of the cavity, i.e., its

dimensions, the dielectric property of the load, its position
in the cavity and its size. 
       The modes that will develop in a cavity with a certain
dimension can be determined by calculations. Also,
simulations of developed field distribution with a specific
load in the cavity can be performed. As a prelude to the
design work, modelling was been done by Microtrans AB
in order to optimize field distribution, i.e., to achieve as
even heat distribution as possible. Figure 2 shows an
infrared (IR) image of the heat distribution across the load
surface for the first-generation multimode applicator that
was used in this development process. Now, the third-
generation multimode applicator is in use (see figure 3).
Figure 4 shows a simulated field distribution for this third-
generation multimode applicator. A comparison of figures
2 and 4 shows that a distribution with distinct strips is
achieved with the new applicator. This indicates more
uniform heating in these areas.

FIGURE 1. First generation applicator.

FIGURE 2. IR-image, first generation applicator. 
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FIGURE 3. Third generation applicator.

FIGURE 4. Simulated field distribution, third generation
applicator.

THE DESIGN OF THE MICROWAVE
CONSTRUCTION 
      The microwave tunnel construction contains modules
with applicators. Such a module consists of five
applicators in series, as shown in figure 5. 

FIGURE 5. Microwave module.

Furthermore, two such modules are placed together
with a parallel displacement of 35 mm. This means that
heat distribution will be more uniform when the wood
components pass under the cavities. Rates of speed vary
between 5 and 500 mm per min., and the wood
components pass edge by edge crosswise through the
tunnel space, which includes a number of the modules
described above. The purpose is to dry wood components
with thickness varying from 15-55 mm from green

condition to a MC of 8%. In order to avoid deformation
during drying, the internal height of the tunnel is regulated
to adjust eventual twist. The applied compressing force is
in the range of 0-5 MPa.

THE CONTROL SYSTEM
      The control system is PC-based and has feedback;
i.e., control is based on signals from the drying process.
These signals display both the wood’s position in the
tunnel and its dielectric property. On the basis of these
signals, the system controls each separate magnetron, or
microwave module; i.e., the entire drying process is
adaptively controlled so that the microwave power is
adjusted to the load properties. The power for each
magnetron can be regulated continuously from about 30%
to 100% of its nominal maximum output power.

OTHER ASPECTS
      Wood can contain much water, and when the drying
process starts the water will resign as water or water
steam. The water that is in liquid form drain out from the
tunnel and the water, which is in vapour form, convey
away by circulating air. This is a very important part in the
process, because if condense has been formed in the cavity
it doesn’t work optimally and that brings on a poor drying
process.

FURTHER WORK 
      In order to achieve an optimum drying process, further
investigation is needed. Below are some of these
investigations, which have been done or are planned: 
      During drying above fibre saturation point (FSP), the
temperature rises to evaporation and remains at that level.
However, when MC drops below FSP, the temperature
increases further. If the drying temperature becomes too
high, quality can be affected. Measuring surface
temperature by IR pyrometer may make it possible to
detect when the wood reaches fibre saturation point.
Ceramic sensors indicate energy absorption and may be
useable for MC detection; i.e., they could give a signal
when fibre FSP is reached during the drying process.
      When wood dries, it shrinks, and for some species
twist easily occurs. Keeping the components constricted
can prevent this. This fixing point could be adjusted
during the drying process to account for shrinkage.
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