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Vacuum tube (VT) generators are used for high-frequency wood drying. Such systems are robust, reliable,
energy efficient and economically acceptable. Development and optimization of the VT generator are much
more complex than that of transistor systems, especially in the higher frequency range. The development is
now compelled to rely on computer modeling and simulation. For the purposes of this research, a high
frequency generator of 20 kW output power based on a VT was analyzed. An appropriate model for the VT
and the rest of the assembly was proposed and simulation and measurement on the real system have been
made. The study allowed determining model parameters and developing an optimized system.
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There is a great interest in wood drying processes that enable process intensification and material
quality improvement, including high frequency current (HFC) drying that can be used individually or in
combination with convection. The development of electronics and high technologies enabled the production
of industrial HF generators, which were a precondition for further development of the theory and technology
of drying on the new bases for the purposes of various industries [1].

The key element of the HFC wood drying systems is a high-frequency AC generator. Since it is
usually a matter of high voltages and large powers, electronic tubes are still used due to their efficiency [2—
6]. Modern, powerful transistors can be used only for small or laboratory installations [7]. In this paper, a
device based on a semi-industrial high-frequency drying system is proposed, as well as the computer
simulation and experimental confirmation.

HF high power generator

In the area of lower and middle frequencies, transistor generators are predominant. However, in the
case of radio frequencies (1 MHz and higher), transistor generators have very limited possibilities. With lar-
ger powers (tens of kW and more), the advantage is on the side of the generator with vacuum tubes (VT). It
is these requirements that are to be met when developing generators for wood drying, and they are still most
often based on VT.

Each oscillator consists of a serial connection of a nonlinear active element (VT in this case) and an
oscillator circuit adjusted to the desired frequency. Different configurations of oscillator circuits and
feedback to the grid are possible, and in this study the Colpitts configuration was used (Fig. 1).

The active element of the generator is a GU62A triode, and the elements of the oscillator circuit are
C,, C;and L,. The feedback is achieved through the C, capacitor, and the resistor Rg generates a negative
preload grid. The C, capacitor separates the oscillator from the DC source of the anode supply, and the
inductance L; prevents the penetration of HF energy to the source.
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Fig. 1. Principal scheme of the Colpitts oscillator based on a VT triode

Modeling of the HF generator has been done in the PSPICE simulation software embedded in the
ORCAD package [8]. The software was used to simulate the behavior of the projected HF generator. The
basic scheme of the generator from Fig. 1 is supplemented by serial inductances (L3 to L8) that correspond
to the real inductances of the lines. Also included in the system, the resistor R1 that corresponds to the active
consumption, that is, the drying of the wood. The starting model for the active element (triode) was SV811-3
[9, 10]. The basic parameters of the model are calculated according to the recorded static characteristics of
the VT, while the parasitic capacitances are taken from the manufacturer's declaration. Following the
previously described, model for a specific VT was obtained.

Results of simulations and experiments

Fig. 2 shows simulated and measured values of the voltage of the consumer and the anode current for
the designed generator. The described model was tested several times by comparing with the results of
measurements on the real system, where the configuration of the wood complex, the humidity of the wood
and the frequencies were changed. After obtaining high matching level of the simulation and measurement
results, "experiments" were simulated in order to optimize the system parameters from the point of view of
energy efficiency and other requirements.
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Fig. 2. Results of the measurement and simulation for the consumer voltage
and the anode current
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Conclusion

The HF generator based on the VT was implemented using the standard procedure. The computer
simulation was performed for various frequencies, various configurations of the complex and the moisture
content of the wood, while actual experiments were performed only for the optimal parameters determined
by the simulation. During all experiments, high matching level of the simulation and measurement results
was obtained. The measured effective value of the consumer voltage was 1.359 kV, and the result of the
simulation was 1.379 kV. The measured peak value of the anode current was 15.01 A, and the result of the
simulation was 15.09 A. This confirms the validity of the model and the suitability of the entire system for
further research in this field.
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3. CreBuy, U. PanoBanosuy, B. Hukonuu, M. Cresuu, M. Tpunynosuy, 3. lllymka
MopenupoBaHnne reHePaTOpPa BHICOKOYACTOTHON YHEPTHH JJISI CHCTEMBI CYIIKH AP€eBeCHHbI

T'enepamopur gaxyymuwix mpyo (BT) ucnonv3zyromes ons cywiku Ha evicokux yacmomax. Taxue cucmemvl
HAOEJICHbL, IHep2odhhekmuenvl U IKOHOMUYecKU npuemaemvl. Paspabomxa u onmumuzayus BT-
2eHepamopa HaMHO20 CILOMCHee, YeM MPAH3UCMOPHOU cucmembl, 0COOeHHO npu 6o/ee BbICOKUX HACMOMAX.
B nacmosawee @pems npu paspabomke Npuxooumcs noida2amsvCs HA KOMNbIOMEPHOe MOOeauposanue u
cumynayuio. B oannoii pabome owvin npoananusuposan BY-eenepamop mowmocmoro 20 kBm na ocnose BT.
Ilpeonoocena coomeemcmsyrouas mooenv 01 BT u opyeux wacmeti cucmemol. Takowce OvlLiu 8binoaHeHbl
MoOoenuposanue U npogedenvl usmepeHus Ha oeilicmeyroueli cucmeme. Hcxoos uz 3moeo, npeonodxicervl
napamempusl MoOeaU U ONMUMUSUPOBAHHASL CUCTEMA.

Knrouesvie cnosa: ebicokouacmommuulii 2eHepamop, 8axKyymHole mpyoKu, MoOeIuposanue, CUMYIAYUSL.
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