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 The performance improved of electric field distribution and intensity for dielectric 
heating has been presented in the paper and the results are discussed. It is a technique 

challenge in dielectric heating is to control the electric field distribution by increasing 

input power ports on the capacitor copper plates. The simulation of analysis was 

divided the input power port into 4 cases, which are one port, two ports, four ports and 

six ports, respectively. By each case, can be used the input power port at different 

positions on the plate for provide to the position and number are the most appropriate. 
The distribution and intensity of electric field on the dielectric load will be analyzed by 

using the CST EM STUDIO program. We show that the electric field intensity can be 

distributed over all the entire copper plate by increasing input power ports and the 
positioning to suitable. In the simulation results, we used the electrical power and 

resonance frequency are 600 W and 39 MHz, respectively. Results have shown that the 

distribution and intensity of electric field on the dielectric load will be occurred at the 
near point of input power ports are the most and decreased when the distance away 

from the power input port. However, in this paper the input power port of four ports 

case is an equilibrium position, the electric field intensity is appropriated distribution. 
Which can be the distribution of electric field is 74% of area comprehensive at intensity 

of electric field is 26.1 V/m. These results demonstrate that it is possible to achieve 

higher electric field distribution and intensity for dielectric heating where increases 
input power ports on the copper plates are used. 
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INTRODUCTION 

 

 Nowadays, the phenomenal of heating technology by using electromagnetic field technology is an 

important in engineering and sciences research. The development of heating technology is classified in various 

types as induction heating and dielectric heating. The induction heating is heated by magnetic wave as generated 

by an inductive coil (Sarnago et al, 2013; Lichan et a., 2011; Ahmed et al, 2011; Meng et al, 2011; Kurose et al, 

2009). The magnetic field is inducted to the electric current the flows though the model. The most currents are 

flowed through in skin depth of the model and these currents are generated the heating at the surface of the 

model. The heating is dependent on amount of induction current and the equivalent impedance, which is flow 

through the current path. Furthermore, the heat is transferred to the other regions of the model by the heat 

conduction and the heat convection. Alternatively, the dielectric heating is interested in the heating technology, 

that a form of thermal energy is directed into the dielectric material with appropriate frequency range. Thus, this 

technique does not affect for the other materials. The dielectric heating structure uses the frequency spectrum 

principle, which is applied in the form of an electric field to transfer power into the dielectric material with polar 

molecule. The resonance of the molecules is occurred in the dielectric material and dielectric heating is quickly 

and evenly occurred. The dielectric heating is currently being applied in many applications (Oka et al, 2011; 

Myungsik et al, 2012), which are dehydration industry, fruit pre serration industry. In addition, the dielectric 

heating can also be used to organisms or pests in the agricultural sector. Due to the structure of an organism is a 

liquid or polar molecule, it can induce the radio wave to heating (Granada et al., 2012; Bayrashev et al, 2002). 

The organisms are embedded and hidden within the product or seeds such as rice insect pests and worms, which 

affect the export or import consumption significantly. The plate heating technique uses a plate to generate the 

electromagnetic wave for dielectric medium. A resulting is the material which a dielectric that is heating up. The 

nature of the electric field is distributed between the plates. In previous papers have been used to from a heating 

plate, which has the physical description of circular plate and square plate. Because of the characteristic of plate 
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model and the distribution of electromagnetic wave, is distributed symmetrically and evenly, hence, the feeding 

of plate is used to only one point. However, the seeds are flowed through the circular and square plate, which 

are finitude structure that are not appropriate for use. Therefore, this research presents the study and analysis of 

heating by using the rectangular plate for elimination of insects that are mingled and embedded with seeds. This 

rectangular plate can be increase the space for heating, which is suitable for agricultural industry. The electric 

field of distribution and intensity analysis are occurred with the dielectric load, which is a group of insects in the 

plates. Furthermore, technique to increase the number of the Input Power Port is used for optimization the 

suitable feeding point. Consider a rectangular plate are made from a copper material with size of 5 x 20 cm, 

thickness of 0.5 mm, and the properties of rice weevils are used to dielectric material. The analysis is classified 

into four cases, which are one, two, four and six points, respectively. The feed point of rectangular plate are 

optimized by using CST EM studio program at 600 watt electrical power, with 39 MHz resonance frequency, 

which is the frequency response of rice weevil, as a loss factor to most appropriate (Nelson et al, 2006; Nelson 

et al, 1991). However, it shows that the four ports case is an equilibrium positions, the electric field intensity is 

appropriated distribution. It is can be to the dielectric heating applications. 

 

Dielectric Heating: 

 The material property known as the loss factor ε'' is the ability of the dielectric material to convert the 

applied e1ectric field into heat. The higher the loss factor is, the easier dielectric material is to be affected by 

dielectric heating. The loss factor of material greater than 0.02, is generally considered to dielectric heating. 

(Komarov et al, 2012). However, sometimes the temperature can increase the loss factor of some materials. The 

permittivity denoted by the symbol ε is the ability of a dielectric material to be polarized. Dividing the 

permittivity by the permittivity of free space ε0 = 8.85×10
-12

 F/ m resulted in the relative permittivity in 

dielectric constant ε' can be calculate by Eq.1. 

0





              (1) 

 The permittivity of a material can be expressed as a complex quantity, the real part of which 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 1  

 

j                  (2) 

 

 In polarized materials, the friction between molecules is generated in reaction to the electric field applied 

and yields an increase in temperature of the material. However, the delay between the penetration of the electric 

field and the production of heat is called by the loss angle δ. The electrical conductivity associated with the 

dielectric loss in the material ζ = ω ε0 ε'' in S/m, where ω is the angular frequency in 2π f . The loss angle can be 

expressed as a component of the loss factor as 

 

tan δ  = ε" / ε'            (3) 

 

 The loss tangent and the dielectric constant vary with the frequency applied and the temperature of the 

material. The power absorbed by the material is the value of heat generated through the material and is 

represented as  

 

P = E
2
 ζ = 2πf E

2
 ε0 ε''           (4) 

 

 Where E represents the rms electric field strength on the material in V/m. The power density, P in W/m3), ζ 

is conductivity in 1 Ωm , f is applied frequency in Hz, ε0 is permittivity of free space in F/m and ε'' is loss factor. 

The rate of temperature increase, ΔT / Δt in 
o
c/s, in the dielectric material caused by the conversion of energy 

from the electric field to heat in the material by Eq. 5. Where, c is specified heat of the material (kJ/kg 
o
c) and ρ 

its density of the material in kg/m
3
. 

 

T P

t c





            (5) 

 

 The penetration depth is defined as the depth at which the power bas decayed to 0.368 (l/e) of its maximum 

value (Wang et al., 2003). It may vary depending on the loss factor and the frequency used. Usually, the higher 

the loss factor is, the lower the penetration depth will be. As wavelength increases, the penetration depth 
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increases as well. The relationship between wavelength and penetration depth is expressed as Eq. 6 where, dp is 

penetration depth in cm, and c is speed of light (3x10
8
). 

 

22 2 1 ( / ) 1
p

c
d

f   


    
 

         (6) 

 

Capacitance of Copper Plate: 

 For the dielectric heating, it is high efficiency heating technical. It use the principle of alter noting electric 

field between anode and cathode of capacitor plate. The material heating is placed between anode and cathode 

of electric field, which the molecular of dielectric material is continually reversed pole at the resonance 

frequency for the reverse direction of pole. Because of the fiction of molecular movement, the dielectric 

material is rapidly heat. The structure of the capacitor of parallel plate is show in Fig. 1. 

 
Fig. 1: The structure of the capacitance of copper plate. 

 

 The capacitance of plates can be calculated by Eq. 7, where A is plate area, d is distance between plates and 

ε is permittivity of material. The electric field between two large parallel plates is given by Eq.8, where ζ is 

charge density and V is voltage difference between the two plates (Komarov et al, 2012). 
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The Concept and Construction of Input Port Power Feeding System: 

 In the applications of the dielectric heating for used to most effective and appropriate. We are use technique 

to increase the number of the input port power for optimization to the feed point suitable. Consider  rectangular 

plate are made from a copper material with size of 5 x 20 cm, thickness of 0.5 mm, it is the electric field 

applicator for transfer electric field energy in to the dielectric material and it has distance between plates is 5 

mm. The dielectric material is used the properties of rice weevils to simulation and it has the permittivity is 7.2, 

which it was placed in the middle between the plates and used thickness of 0.5 mm. The center of the plates will 

be setting to the position of the axis is X = 0, Y = 0 and Z = 0, which in the Z-axis as Z = 0 to start at the top of 

the bottom plate. 

 
Fig.2: The structure of copper plates for dielectric heating. 

 

 The consideration to the dielectric heating for all case can be show in the Fig. 2. The simulation was 

divided into 4 cases, case I, analysis to input port power for one point can be show in the Fig. 3 (a), case II,  

analysis to input port power for two points show in the Fig. 3 (b), case III, analysis to input port power for four 

points show in the Fig. 3 (c) and case IV, analysis to input port power for six points show in the Fig. 3 (d). By 

each case, can be used the input port power at different positions on the plate for provide to the position and 

number of input port power are the most appropriated. 
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Fig.3: The structure of input ports power on copper plates for electric field analysis. 

 

Simulation results of input ports power for electric field analysis: 

 This paper simulation by CST MW studio for the analysis of electric field distribution and intensity on the 

dielectric load in the capacitor copper plates. By each case, the electrical power and resonant frequency are 600 

W and 39 MHz, respectively .The parameter setting for the simulation can be used according topic to “the 

concept and construction of input ports power feeding system” .In the simulation results, show the distribution 

and intensity electric field on the dielectric load in the capacitor copper plates of the cross section in Z-axis at 

2.5 mm, for comparisons in the each case. 

 

Analysis of case I: 

 To determine the electric field distribution and intensity that are occurred at the dielectric load, the copper 

plate is fed with only one port, and the position of feeding is varied on the surface of the plate. Fig. 4 illustrates 

the electric field distribution on copper plate at various four positions. 

 

 
Fig.4: Simulation results of input port power for one port at any positions are the cross section in Z-axis at 2.5 

mm. 

 

 When the plate is fed at (X = 0, Y = 0) which is the center of plate as shown in Fig. 4 (a). The maximum 

level of electric field distribution is occurred at the center of plate as 559 V/m. At the same time, the level of 

electric field is very low at the edge and corner. In addition, the plate is fed at (X = 0, Y= -1.25), which is 

demonstrated in Fig. 4 (b). The electric field of distribution and density are mostly occurred at top edge, but, the 

electric field level at the bottom, left, and right edge is low. In the Fig. 4 (c) and Fig. 4 (d) show feeding point at 

(X = 7.5, Y = 0) and (X = -7.5, Y = 0), respectively. In these cases indicate that the maximum level of electric 

field distribution is occurred at the right edge (+X) and left edge (-X) for right feeder and left feeder, 

respectively. For four position is exanimate simulation, we are also simulate at other positions to find the best 

position. We found that the optimal position of the feeding is (X = 0, Y = 0), the electric field distribution is 

propagated on the plate witch symmetrical level. Nevertheless, it cannot propagate all of the full area. Apart 

from this, dabble feeder is presented in the next section for coverage the more area thorn only one feeder.  
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Analysis of case II: 

 In this case, the double input ports power are fed on the plate with input power of 300 watt for the similar 

input power in case I. Then, the position of feeder is varied for considering the electric field of distribution and 

density that has effect on the dielectric load. The simulate results show the double feeds in four types different 

positions, it seem that the electric field level is similar to first case. Furthermore, the electric field distribution on 

plate is more covered all of surface more than only one feed point. When port 1 and 2 are located at (X = -5, Y = 

0) and (X = 5, Y = 0), respectively, the electric field is distributed around their feeds. Nevertheless, the electric 

field intensity level is reduced to about half value of 1 port and the maximum level is 280 V/m as show in Fig.5 

(a). Then, port 1 and port 2 are located at (X = -7.5, Y = 0) and (X = 7.5, Y = 0), are closed with the both edges, 

it seem that the maximum electric field intensity level is occurred at the left and right edge. Besides this, the 

value of electric field has very little value compared to the middle position as show in Fig. 5 (b). Consideration 

of Fig. 5 (c) concludes that if port 1 and port 2 are located at (X = -2.5, Y = 0) and (X = 2.5, Y = 0), 

respectively, these position are closed to the middle of plate. Therefore, the maximum level of electric field 

intensity is occurred at the center of plate. The last positions in double port case are port 1 and port 2 located 

at(X = -5, Y = -1.25) and (X = 5, Y = -1.25), respectively. In the positions, electric field is symmetric 

distribution on both sides but it cannot distribute the electric field cover all of the plate. Finally, for the four 

types is exanimate simulation, we are also simulated at other positions to find the best position. We found that 

the optimal position of the feeding is (X = -5, Y = 0) and (X = 5, Y = 0), the electric field distribution is 

propagated on the plate witch symmetrical level. Nevertheless, it cannot propagate all of the full area as well. 

Apart from this, four feeders are presented in the next section for coverage the more area thorn only double 

feeder.  

 
Fig.5: Simulation results of input port power for two ports at any positions are the cross section in Z-axis at 2.5 

mm. 

 

Analysis of case III: 

 To improve the electric field distribution and intensity on the copper plate, the input ports power is used 

with four ports, the power of each port is 150 watt. Then, the position of feeder is varied to consider the 

distribution and density of electric field that has effect on the dielectric load. The simulate results show the four 

feeds point in four types that are different feed positions and this case the electric field level is similar to case I 

and case II. When the feed point is increase to two ports, the electric field distribution on plate is more covered 

all of surface. The first case, port 1, 2, 3 and 4 are located on plate at (X=-7.5 Y=0), (X=-2.5, Y=0), (X=2.5, 

Y=0) and (X=7.5, Y=0) that the gaps between ports is equal length as show in Fig. 6 (a) show the maximum 

level of electric field is 151 V/m at center of feeder. When port 1, 2, 3 and 4 are located at (X=-8, Y=0), (X=-4, 

Y=0), (X=4, Y=0) and (X=8, Y=0) as show in Fig. 6 (b), the feed position in Y-axis near at the both ends of 

plate. So, the electric field at the center of plate is rarely level, which is less than the level at the feed points. 

When port 1, 2, 3 and 4 are located at (X=-7.5, Y=-1.25), (X=-2.5, Y=1.25), (X=2.5, Y=-1.25) and (X=7.5, 

Y=1.25) as show in Fig. 6 (c) and located at (X=-7.5, Y=1.25), (X=-2.5, Y=-1.25), (X=2.5, Y=1.25) and (X=7.5, 

Y=-1.25) as show in Fig. 6 (d) indicated that the feed points are located at +Y and –Y. Therefore, the 

distribution area will switch direction, unable to spread throughout the plate. Finally, for the four types is 

exanimate simulation, we are also simulated at other positions to find the best position. We found that the 

optimal position of the feeding is port 1, 2, 3 and 4 are located on plate at (X=-7.5 Y=0), (X=-2.5, Y=0), (X=2.5, 

Y=0) and (X=7.5, Y=0), it can distribute the symmetrical electric field on plate. 
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Fig.6: Simulation results of input port power for four ports at any positions are the cross section in Z-axis at 2.5 

mm. 

 

Analysis of case IV: 

 The final case, to improve the electric field distribution and intensity on copper plate, the input ports power 

is used with six ports, the power of each port is 100 watt. Then, the position of feeder is varied for considering 

the distribution and density of electric field that has effect on the dielectric load as well. The simulate results 

show the six feeds in four types different positions, it seem that the electric field level is similar to case I, case II 

and case III. The first case, port 1, 2, 3,4,5 and 6 are located on plate at (X=-8.35, Y=0), (X=-5.01, Y=0), (X=-

1.67, Y=0), (X=1.67, Y=0), (X=5.01, Y=0) and (X=8.35, Y=0) as show in Fig. 7 (a) the maximum level of 

electric field is 112 V/m at center of feeder. When port 1, 2, 3,4,5 and 6 are located at (X=-8.35, Y=-1.25), (X=- 

5.01, Y=-1.25), (X=-1.67, Y=-1.25), (X=1.67, Y=-1.25), (X=5.01, Y=-1.25) and (X=8.35, Y=-1.25) as show in 

Fig. 7 (b), the feed position in Y-axis near at the both sides of plate. So, the electric field at the both sides of 

plate is rarely level, which is less than the level at the feed points. When port 1, 2, 3,4,5 and 6 are located at 

(X=-8.35, Y=1.25), (X=-5.01, Y=-1.25), (X=-1.67, Y=1.25), (X=1.67, Y=-1.25), (X=5.01, Y=1.25) and 

(X=8.35, Y=-1.25) as show in Fig. 7 (c) and located at (X=-8.35, Y=-1.25), (X=-5.01, Y=1.25), (X=-1.67, Y=- 

1.25), (X=1.67, Y=1.25) (X=5.01, Y=-1.25) and (X=8.35, Y=1.25) as show in Fig. 7 (d) indicated that the feed 

points are located at +Y and –Y. Therefore, the distribution area will switch direction, unable to spread 

throughout the plate. Finally, for the four types is exanimate simulation, we are also simulated at other positions 

to find the best position. We found that the optimal position of the feeding is port 1, 2, 3,4,5 and 6 are located on  

plate at (X=-8.35, Y=0), (X=-5.01, Y=0), (X=-1.67, Y=0), (X=1.67, Y=0), (X=5.01, Y=0) and (X=8.35, Y=0), it 

can distribute the symmetrical electric field on plate. 

 
Fig.7: Simulation results of input port power for six ports at any positions are the cross section in Z-axis at 2.5 

mm. 
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 In the simulation results of each case, an analysis of the electric field of distribution and intensity on the 

dielectric load is to cause dielectric heating technology. By using technique of increasing input ports power on 

the capacitive copper plates for consideration to the dielectric heating. An including analysis the positions and 

number of ports signal feeding to the suitable for use with the dielectric load this provides the most effective. 

The variables positions of feed point to most appropriate for the each case are concluded in Table 1. The 

symmetrical electric field distribution is occurred when port 1 is located at (X=0,Y=0) in case I. Moreover, the 

positions of Port 1 (X=-5,Y=0) and Port 2 (X=5,Y=0) generate symmetrical electric field distribution in case II. 

In addition, when positions are Port 1 (X=-7.5 Y=0), Port 2 (X=-2.5,Y=0), Port 3 (X=2.5,Y=0) and Port 4 

(X=7.5,Y=0) are fed in case III, the symmetrical electric field distribution can be obtained. In case IV, we 

analyze the positions of six ports at Port 1 (X=-8.35,Y=0), Port 2 (X=-5.01,Y=0), Port 3 (X=-1.67,Y=0), Port 4 

(X=1.67,Y=0) Port 5 (X=5.01,Y=0) and Port 6 (X=8.35,Y=0), which are generated the symmetrical electric 

field distribution. The input power is fixed of 600 watt in each case and simulated results show the value of 

maximum electric field intensity as equal level of 100 V/m. From simulated results, the out plane on copper 

plate is the cross section in Z-axis at 2.5 mm. Fig. 8 show the symmetrical electric field distribution and 

intensity in case I, II, III and IV. When we consider electric field intensity level at 26.1 V/m, It concludes that 

the electric field distribution is approximately 32% of the total area in case I, but the maximum electric field 

intensity is 559 V/m at the center of copper plate. It has effect on the experimental result which is electric field 

intensity of 21.41 times from the maximum electric field intensity. In case II, the electric field distribution is 

approximately 50% of the total area and the maximum electric field intensity is 280 V/m at the center on copper 

late. An effect of the electric field intensity of 13.07 times from the maximum electric field intensity. The 

electric field distribution in case III is approximately 74% of the total area and the maximum electric field 

intensity is 151 V/m it has electric field intensity of 7.05 times from the maximum electric field intensity. In the 

final case, the electric field distribution is approximately 44% of the total area and the maximum electric field 

intensity is 112 V/m it has electric field intensity of 5.23 times from the maximum electric field intensity. It 

seems that the electric field distribution is low when it is compare with the electric field of total area. Table 2, 

show the electric field efficiency of distribution and intensity in case I, II, III and IV when compare the 

maximum level of electric field intensity as 26.1 V/m. It illustrates that the optimization in case III can be obtain 

the electric distribution with approximately as 74 % of the total area. Therefore, we can be developed and 

applied the dielectric heating properly and to make the most effective for used. 

 
Table 1: Position of feed point to most appropriate for the each case. 

Case Signal Feeding P1 (X,Y) P2  (X,Y) P3 (X,Y) P4 (X,Y) P5 (X,Y) P6 (X,Y) 

I 1 0,0 - - - - - 
II 2 -5,0 5,0 - - - - 

III 4 -7.5,0 -2.5,0 2.5,0 7.5,0 - - 

IV 6 -8.35,0 -5.01,0 -1.67,3.5 1.67,0 5.01,0 8.35,0 

 
Fig.8: Simulation results for four cases to the value of maximum electric field intensity as equal level of 100 

V/m are the cross section in Z-axis at 2.5 mm. 

 
Table 2: The electric field efficiency of distribution and intensity in case I, II, III and IV when compare the maximum level of electric field 

intensity as 26.1 V/m 

Case 
Number of 

feeding 

Maximum of electric field 

intensity (V/m) 

Electric field distribution  

of area at 26.1 V/m (%) 

% of electric field intensity 

difference 

I 1 559 32 21.41 

II 2 280 50 13.07 

III 4 151 74 7.05 

IV 6 112 44 5.23 
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Conclusions: 

 This paper presents the electric field distribution and intensity for dielectric heating. It is a technique 

challenge in dielectric heating is to control the electric field distribution by increasing input power ports on the 

capacitor copper plates. An including changed the positions of input power ports into the suitable for use with 

the dielectric load this provides the most effective. It is analysis and consider from copper plate rectangular 

material at the size of 5 x 20 cm, and the properties of rice weevils are used to dielectric material in the 

simulation. The simulation of analysis was divided the input port power into 4 cases, which are one port, two 

ports, four ports and six ports, respectively. By each case, can be used the input power port at different positions 

on the plate for provide to the position and number are the most appropriate. The distribution and intensity of 

electric field on the dielectric load will be analyzed by using the CST EM STUDIO program. In the simulation 

results, we used the electrical power and resonance frequency are 600 W and 39 MHz, respectively. Results, the 

variables positions of feed point are concluded in the symmetrical electric field distribution. When the positions 

are Port 1 (X= -7.5 Y=0), Port 2 (X= -2.5,Y=0), Port 3 (X=2.5,Y=0) and Port 4 (X=7.5,Y=0) are fed in case III, 

which are generated the symmetrical electric field an equilibrium position, the electric field intensity is 

appropriated distribution. Which can be the distribution of electric field is 74% of area comprehensive at 

intensity of electric field is 26.1 V/m. These results demonstrate that it is possible to achieve higher electric field 

distribution and intensity for dielectric heating where increases input power ports on the copper plates are used.  
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