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WEERAWAT CHAROENSIRI : DESIGN OF RADIO FREQUENCY
OSCILLATOR CIRCUIT FOR DIELECTRIC HEATING. THESIS

ADVISOR : ASST. PROF.SAMRAN SANTALUNAI, Ph.D., 78 PP.

DESIGN OF RADIO FREQUENCY OSCILLATOR CIRCUIT FOR DIELECTRIC

HEATING

At present, dielectric heating is widely used whether medical, food industry,
ceramic industry, and agricultural industry because dielectric heating is high efficiency
heating. Dielectric heating will heat happen by electromagnetic waves transmitted
through into the material. By the heated material must respond to electromagnetic
waves. This research presented the design of a dielectric heating machine with
electromagnetic waves at radio frequency in dielectric heating by the dielectric load is
milled rice to exterminate weevils in the milled rice. Designed dielectric heating
machine using triode tube as a signal source high-power radio frequency to heat the
dielectric and designed frequency signal in use at the frequency 38 to 42 MHz, it has
a production capacity of 300 kg per hour. By designed dielectric heating machine
consist designed a signal source high-power radio frequency and designed a large
resonance matching for heat the dielectric. When designed the prototype machine
complete will get a high-efficiency prototype machine in dielectric heating, include

can be applied to using for heated the other dielectric materials in the future.
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Table 1. Reported host-media temperatures following RF and microwave dielectric
heating exposures necessary for 99 to 100% insect mortality

Develop-
mental  Freq. Temp.*
Species Stage (MHz) Medium (°C) Reference
Rice weevil, Mixed

Sitophilus oryzae (L) immawmre 27 Wheat 56  Angladeetal., 1979

Adult 39 Wheat 39  Nelson and Whitney, 1960
Mixed

immature 39  Wheat 61 Nelson and Whitney, 1960
Adult 39 Wheat 40  Nelson and Stetson, 1974a
Adult 2450  Wheat 83  Nelson and Stetson, 1974a
Adult 2450  Wheat >60  Tateyaand Takano, 1977
Pupal 2450 Wheat >60  Tateya and Takano, 1977
Larval 2450  Wheat >58  Tateya and Takano, 1977
Egg 2450  Wheat =57  Tateya and Takano, 1977

Granary weevil, All 13.6 Wheat 62  Benz, 1975
Sitophilus granarius  Egg 136 Wheat 61  Benz, 1975
(L) Adult 27 Wheat 55  Angladeetal., 1979

Larval 27 Wheat 58  Angladeeral., 1979
Pupal 21 Wheat 61  Angladeetal., 1979
Adult 39 Wheat 41  Nelson and Kantack, 1966
Adult 19 Wheat 42 Nelson et al., 1966

Adult 2450 Wheat 86  Angladeetal, 1979

Adult 2450 Wheat >92  Hamid et al., 1968

Adult 2450  Wheat >357  Bakeretal., 1956

Larval 2450 Wheat >82  Bakeretal, 1956

Egg 2450 Wheat >72  Bakeretal, 1956
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Table 3
Mortality (mean + SD, %) ol adult Sitophilus oryzae after RF heating to 4 temperatures
for holding 5 min.

Treatment Temperatures (<C)

44 46 48 50

Control 33+ 16 41 + 2.1 28+ 1.8 35+16

Rough rice 67.7 + B.0aA® 794 +92aAB 923 +68aBC 997 + 06 aC
Brown rice 64.7 + 8.3 aA 757 + 28 aA 89.5+ 72 aB 99.3 + 0.6 aC
Milled rice 66.2 + 7.6 aA 764 + 6.1 aA 91.7 + 3.8 aB 99.9 + 1.0 aC

# Different lower and upper case letters indicate that means are significantly
different at P = 0.05 among temperatures and samples, respectively.
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Electrical:

Filament: Thoriated tungsten

VOItAZE. ..ottt ettt e e neens
CUITENt ..o
Transconductance (Ib=0.8 A) ....
Amplification factor .........cceveieiiiriineiii e

Direct interelectrode capacitances

GIIA-PIate.....ooviiiiiiicei et 13 pF
GIid-Filament ..........ccooveierieiieiiiieiieieeieiee et aennens 18 pF
Plate-Filament .........cccoovevievienienienieieseniente et 0.7 pF
Frequency for maximum ratings ........cceceeceeeveeeieeeiereereeneeneeeneenes 110 MHz

Mechanical:

Overall dimensions: (see outline)

Length ...............mm ... . N N0 B8 0 #8 _ _ s== ... mm
Diameter ........cccceeveveeeeneee.
WEIGHt (APPIOX.) vervirviireiieriissesieseensenee ensessessessessessensessensessessessensenes 2.8 kg
OPErating POSILION: ......eveverririeriertesienreereeeeresseeteeeesaeseeseeseesaeseeseenas Vertical

Cooling:

Anode: Forced air (1)

MINL QI FLOW .ottt 7 m?/min
Min. static flow 10SS .......ccecveeennee

Max. incoming air temperature
Max. temperature of ceramic to metal seals (2)....cccceeeviiveveiiiererinnnenne 250 °C
Max. temperature of radiator...........coiiieiiiiieriiies et e 250 °C

Absolute Maximum Ratings

Class C Telegraphy

Intermittent (3)
DC plate voltage 8 kv
DC plate current 2 A

DC grid current ................. . 0.6 A
Plate dissipation 5500 W
Grid diSSIPAtION.....veveeeeieeeriieeteseiecerie e e seeeee e e eeeeeens 230 W
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' 9 v 9 [}
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aRANSZUEINGA (Pack Rf Grid Voltage) tiollania (Grid) 1Ay 250 V 9aisuduussaui
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AUNDS 1 kV clf\?ﬂ'lwug’ﬂﬁ']llﬁi‘l\uﬂu@.ﬂ A ﬂ1ﬂuuﬂ1ﬂ1§a1ﬂlﬁuﬂﬁ\1ﬂ1ﬂﬂqﬂ A ‘lﬂﬂﬂﬂqﬂ G uay

=]

mmsmruadriaNemsmuIs Tasmuuadumuaian gy 15° 910 0-75° (Mojtaba
HeydaritlagAnig, 2009 ) 1ag (“CARE AND FEEDING OF POWER GRID TUBES 5th Edition”,
2003) taz TAAUNUL 910 A-F - aauaasdumiaanIsansnai 3.3

9
%

M50 3.3 NazuaNUUNan (Plate) 11NN 0-75°

AU nIzuENan (A) | u3aamwan (kv)
A 4.1 1
B 4.3 2
C 4.3 34
D 4.2 4.5
E 4.1 5.2
F 4.1 5.7

A [ Y o o o 1 9y [ ) 1 1 9
LUDMNTHUTUNITNINTULASHTHUAAUL VT UL aﬂ”lﬂmmmmm@m il I@ﬂclflf
A 4 ~ A a A o A o [
’(?filﬂTi‘i/]llﬂL!,ﬁﬂ\‘lGl,u‘UTWI 2 Lwamﬂizﬁmmwiumwwmmmmam Tﬂﬂ‘ﬂ1ﬂ1iﬂ1u’)m
P
aage l1lil

9
%

aszua TNV anan (DC plate current) M1 14910

Idc

_(0.5A+B+C+D+E+Fj
12

/ _(0.5*4.1+4.3+4.3+4.2+4.1+4.1)
de —
12

1,=1924



NITUTNAAFIFA (Peak fundamental plate current) aunaldan

/ _(A+1.93B+1.73+1.41D+E+0.52Fj
=
12

Il

/

_(4.1+1.93*4.3+1.73*4.3+1.41*4.2+0.52*4.1j
12

1,=2.674
UIIAUINAAGIGA (Peak RF voltage)
v, =6kV —1kV

v, =5kV

[

Masnu lWihnszuansasiu (DC input power)

¥

c

:V:ic *Idc
P, =6000*1.92
P, =11,520 W

[

o 4
NAINUDIANA (RF power output)

P =0.5*Peak RF voltage* Peak fundamental RF curren

P, =0.5%5kW *2.67

P =6,675 W
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152@N5N N (Efficiency)

_RF power output

n 100%

- DC input  power
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n=—-100%
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11,520
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THE OPTIMIZATION OF ELECTRIC FIELD DISTRIBUTIONS WITH
RECTANGULAR PLATES PARALLEL FOR DIELECTRIC HEATING
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Abstract - This paper, presents an analysis of electric field distribution and electric field intensity which 1s occurred with
dielectric load by using two sets of rectangular copper plates in parallel patterns for processing of dielectric load heating. The
rice 1s used to dielectric load and used the rectangular copper plates for transfer the power and electric fields. The
rectangularly copper plates are placed with parallel form in a metal chamber room. The simulation 1s analyzed the distance
between parallel copper plates with three case by usmg the CST MICROWAVE STUDIO® when the electrical power source
15 20 KW at resonance frequency of 39 MHz. As a result, when the position of two electrodes is optimized, the electric filed
distribution and the electric field intensity are analyzed. It shows that the distance between the nearest rectangular cooper
plate sets as 850 mm 1s a suitable position. Therefore, m this case doesn’t have an overlapping electromagnetic wave, so the

input power to at the dielectric load is occurred with the least loss.

Keywords - Rectangular copper plates, Electric field distribution, Dielectric heating.

L INTRODUCTION

Electromagnetic waves are widely used for heating as
it is directly heated to materials that require heating.
Electromagnetic waves provide high thermal
efficiency. Electromagnetic heating has two main
types that are induction and electrolyte heating.
Induction is the process that heated by a magnetic
field based on magnetic resonance generated by
induction coils. In addition. electrolyte heating is the
heating from the electric filed by using the electric
field directly into the material as a dielectric material
that is suitable for the use spectrum. which does not
affect other materials as it is heated by vibrating
molecules [2]. The dielectric heating uses radio
frequency and microwave frequencies because
microwave frequencies are widely used in the food
drying industry. which is a high frequency in the
gigahertz range. Microwave wave can generate heat
quickly and suitable for small heat because it is a high

frequency range and has a norrow wavelength. Most
of the radio frequency in the megahertz range are

used in the agricultural industry for pest and insect
elimination which has the design of radio frequency
to have the suitable frequency for pest control. as well
as dielectric heating by using radio frequency. can be
designed to have large system because it is a low
frequency range that has a wide wavelength [3]. In
provides research, the radio frequency is applied in
agriculture process to heat the dielectric in groups of
pests such as rice weevil or various worm inside the
produce or seed [4].[5]. Therefore. the structure of an
organism contains liquid or molecules that can absorb
heat from electromagnetic waves very well

Moreover, Nelson and Stetson researched about the
heating of rice weevil in wheats at the frequency of
39 MHz and 2450 MHz. The temperature of wheats is
compared with mortality rate of rice weevil [6]. In [7]
studied the design of dielectric heating at 65 MHz to
get rid of rice weevil by using cooper plate size as
30%30 mm’. An analysis of electric field distribution
and electric field intensity that is occurred at
dielectric load by using input power of 1000 watt at
frequency of 39 MHz [8] and the simulation of
electric field distribution and electric field intensity
by using electrode to control the insect in agriculture
system [9] were studied. Most of the previous
research used only one set of dielectric heater.
Therefore, the researcher has the concept of two sets
plate design to heat the dielectric load with in the
same device. This research is studied the distribution
of electric field and the electric field intensity
occurring with dielectric loads. CST MICROWAVE
STUDIO® is used to simulate the dielectric heating.

IL DIELECTRIC HEATING

The properties of the material, also known as the loss
factor, it is the ability of the dielectric material to
convert the electric field used into heat. Dielectric
materials with loss factor are greater than 0.02 that
are generally considered for dielectric heating [10].
The permittivity is denoted by the symbol of &,
which is the ability of a dielectric material to be
polarized. Dividing the permittivity by the
permittivity of free spaces, =8.85x107"F/m
resulted in the relative permittivity (dielectric
constant) &

Proceedings of International Video Conference on Science Technology and Management, Bangkok, Thailand, 29® - 30® September. 2020




75

The Optimization of Electric Field Distributions with Rectangular Plates Parallel for Dielectric Heating Applications

£== 1)

Material properties can be expressed as a complex
quantity, the real part is associated with the capability
of the material for storing energy. and the imaginary
part is associated with the dissipation of electric
energy in the material by conversion of electric
energy to heat. The complex permittivity is shown
here, where j represents the complex operator J—_l

& =&-j& @

Where £ is dielectric loss factor for determining the
loss, will consider the imaginary part of the dielectric
constant, which will depend on the frequency and the
operating temperature and can define the loss tangent
as the following equation. The ac electrical
conductivity associated with the dielectric loss in the
material o =we g (S/m) is where @ is the angular
frequency. 27f . The loss angle can be expressed as a
component of the loss factor as (3)

tand =¢'/e (3)

Both the loss tangent and the dielectric constant are
varied with the frequency. applied and the
temperature of the material. The power is absorbed
by the material. which

the value of heat generated through the material and
is represented as (4)
P=E’c =2xfE’.s 4)

where, P is power loss density (W/m3), E is rms
electric field strength in the material (V/m), & is
conductivity (10m ) . f is applied frequency(Hz). &,

is permittivity of free space (F/m), and £ s loss
factor.

III. CHARACTERISTIC AND PARAMETER OF
ELECTRODE PLATE FOR DIELECTRIC
HEATING

For the most efficient heating of the dielectric. the
structure of the heating of the dielectric must be
appropriately designed. Which consists of power
circuit and signal frequency resonance at 39 MHz,
shown in Figure 1.

Figure 2 is shows the structural dimensions of the
metal chamber for dielectric heating simulation.
Specify the metal chamber material, aluminum size
1200 x 2000 mm. height 1000 mm. The metal
chamber is designed to limit the electromagnetic
wave to the dielectric heating area.

[ — 39 MH:
\ \,) Oscillator

Electrode

l Dielectric —— -

— Ground electrode

Figure 1: Converter Schematic of dielectric heating applications

l————2000mm—— |

((2) |

'f - NP

= — -y

| Dielectric of fee t=—Dieleciric of rice
—— Metal shield
1,001 Distance
mm
Flacrode 4 Electrode

1 ——— Ground electrade - Cround electrode

L-o.v Front side view

Figure 2: The dimensions of the metal chamber for dielectric heating simulation
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Figure 3: The dimensions of rectangular copper plates and input ports power for electric field analysis

Figure 3 shows the structure size, simulation of
electric field distribution and electric field intensity.
Heating the dielectric uses rectangular copper plates
to transfer the power and electric field to the
dielectric load. Which designed a rectangular copper
plates and 2 sets of dielectric loads placed in parallel
positions. Specify that the rectangular copper plates is
150 x 700 mm. Thickness of 5 mm. Specify the work
points of the 2 sets of copper rectangular plates, 2
power points and specify the distance between the
rectangular copper plates 3 distances. Distance fo
simulate the distribution of electric fields and the
intensity of the electric field occurring in all 3
distances.

150 mm.

70 mm. {
.
NNt

Figure 4: The dimensions of dielectric materials

Figure 4 shows-the structure size of the dielectric
load. Use rice as a dielectric load for dielectric
heating simulation. The rice has a dielectric loss
factor of 0.4 and has a permeability value of 3.4.
respectively. [8] and the dielectric load size is 150 x
700 mm, Thickness of 70 mm.

IV. SIMULATION OF ELECTRIC FIELD
DISTRIBUTION AND ELECTRIC FIELD
INTENSITY ON DIELECTRIC LOAD

The electric power sources are generated the input
power of 20 kKW at the frequency of 39 MHz to
rectangular copper plate with two ports per set.
Analyzing to the distribution of electric field and

electric field intensity at dielectric loads which are
rice when the distance between two copper plates set
is adjusted to find the best position so that has not
been mutual coupling by both loads. In this
simulation. rice is arranged in rectangularly form to
make it suitable for copper plates. Rectangular cooper
plate is responsible for transmitting the power to the
dielectric load. Fig.5 shows the distribution of electric
field and electric field intensity when dielectric load
is cut info the z-axis with a thickness of 5 mm.
Consider the electric near-field at the load in copper
plate sets as illustrated in Figure 5. Figure 5(a) shows
electric field intensity when the distance between two
sets of electrodes is 1250 mm, the electric field
intensity of feed point no.1 at X = -700 and Y = 175.
feed point no.2 at X = -700 and Y = -175, feed point
no.3 at X =700 and Y = 175 and feed point no.4 at X
=700 and Y = -175 are equal as 135,488 V/m.

The diffusion characteristics of the electric field
showed that the asynunetric electric field diffusion of
the side of the heating unit to the first and second
dielectric set attached fto the metal wall was
simulated. The electrie field is spread to the wall of
the metal room. This causes the energy input does not
completely occur directly at the diode load because it
is also spread fo the walls of the simulated metal
roon.

Figure 5(b) shows electric field intensity when the
distance between two sets of electrodes is 850 mm.
the electric field intensity of feed point no.1 at X = -
500 and Y = 175, feed pointno.2 at X =-500 and Y =
=175, feed point no.3 at X = 500 and Y = 175 and
feed point no.4 at X = 500 and Y = -175 are equal as
141.152 V/m. In which the electric field intensity is
highest at the center of the input power point and
decrease when the distance from the input power
point is the same as in case 1. the diffusion
characteristics of the electric field found that the
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propagation of the electric field spread symmetrically
around the dielectric heating sets, causing all the
energy input fo occur at the dielectric load
directlyFinally. Figure 5(c) shows electric field
intensity when the distance between two sets of
electrodes is 450 mm. the electric field intensity of
feed point no.1 at X = -300 and Y = 175. feed point
no.2 at X =-300 and Y =-175, feed point no.3 at X =
300 and Y = 175 and feed point no.4 at X = 300 and
Y = -175 are equal as 132.567 V/m. In which the
electric field intensity is highest at the center of the
power supply point and decreases as the distance

3

from the power supply points is the same as in case 1
and case 2. The electric field distribution showed that
there is an asymmetric electric field distribution
around the heating unit to the first and second
dielectric due to the diaphragm heating. Electrode set
1 and set 2 are close together, causing the diffusion of
electric fields overlap in the middle between the
dielectric heating units. Moreover. when entering
energy to the dielectric load. the input energy does
not occur at all dielectric loads directly Due to the
loss of areas where the electric field intensity
overlaps.

(X=T00,Y=175)

135,458 Vim

(X=-700, Y=175)
138,458 Vim

{X=700,Y=-175)

138,488 Vim

(X=T00,Y=-178)

135488 Vim
P
i 2 i
= = (%=, v=15) S Xeti0,y=py LeE
[FRCIT = HLIS Vim
o~ am
50 o
0000
(X=30,V=17%) mm
X=4,Y=1%) §
L ( i -
v HLIS Vm HLIA Vi ]
(b)
1544
! ! L
> iX=.300, V=178) [ X=300 Y =175 Al
Lnne-
132567 Vim 132367 Vim m
450 mm. L
-
5 i
4 (=3, v =7s) | (X=30,Y w8}
L 13257 Vim 132367 Vim .

Figure 5: The simulation results of the electric field distribution and electric field intensity, when (a) simulate of dielectric heating
at a distance of 1,250 mm, (b) simulate of dielectric heating at a distance of 50 mm, (c) simulate of dielectric heating at a distance
of 450 mm

The simulation results of dielectric heating in all 3
cases show the electric field distribution and the
electric field infensity occurring at the four power
input ports. In which the electric field distribution and
electric field infensity are maximum at the position
center of input port power and decrease with the
greater distance from the feed point in all cases. In
case of the distance between two sets of electrodes as
850 mm has the best electric field distribution and
electric field intensity that is 141.152 V/m. This value
indicates that the load can absorb the electric field as

well and there is very little mutual coupling between
the two sets of power sources. Moreover. electric
field distribution and electric field intensity in case 1
and 2 is closest is 135,488 V/m and 132,567 V/m.
When the distance between two sets of electrode as
1.250 mm and 450 mm, respectively. The reason that
these two cases have electrical near-field values less
than case 2. Because a lot of mutual coupling is
occurred between two ports power in case 1 and the
structure of two electrode set is closed to metal
chamber that is performed as ground.
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V. CONCLUSION

Electric field distribution and electric field intensity
in dielectric heating process is analyzed when two
sets of electrode are arranged with the distance
between electrode set is varied. The parallel
technique of two set dielectric heating in the same
metal chamber is designed in this research with the
electrical power source as 20 kW at the frequency of
39 MHz resonmance frequency. The simulation
consists of three cases. in which each case determines
the distance between the dielectric heating sets. in
case 1 has a distance of 1.250 mm. in case 2 has a
distance of 850 mm and in case 3 has a distance of
450 mm for considering the electric near-field
absorption at dielectric load as rice. As a result. the
maximum electric field intensity is 141.152 V/m. For
resulting, the highest efficiency of dielectric heating
system is raised when the system consists of two sets
of electrode structure in a metal chamber size of 1200
X 1200 X 1000 mm3. This research is believed to be
able to continue to be used to dielectric heating using
radio frequencies for use in the agricultural industry.
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