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Abstract: In this paper a microwave source for dielectric heating is discussed. A low cost source for the purpose of dielectric heating to
control the insect pests on tomato plant with the help of parallel plate applicator is simulated and developed. A magnetron operated at
2.45GHz is used to transfer the power from rectangular waveguide to coaxial line port with 50 Q impedance is discussed. In this paper,
transfer of microwave power from the magnetron is launched into rectangular waveguide and transferred to coaxial port to couple the

power more than 85%. The hatching rate of insect eggs and mortality of ‘Helicoverpa armigera’ larvae up to 3rd instars is observed on

tomato plant at the power of 360 W using developed microwave sources.
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1. Introduction

The Integrated Pest Management (IPM) is very effective
system in agriculture. The use of electromagnetic non-
ionized radiation is one of the solutions to control the insect
pests at their different life stages. The differential heating
concept is very efficiently used in controlling the insect
pests in agriculture in grains, post harvested agro-products
and food industry as RF dryer. The use of microwave oven
energy to control weed in agriculture, heating of soil
experimented. [1][2].

To provide a low cost, compact and low power source to
control the insect pests in agriculture during the growth of
plant is big challenge. The Low power source up to 250 W
used with parallel plate applicator for dielectric heating to
control insect pests in anechoic chamber [3][4]. To make an
applicator handy, a compact and low cost RF and
microwave power source is need to design. It observed that
low power up to 250 W is not much effective on larvae stage
of the insect pests as compare to eggs and hence power more
than 250Wsource is required. Also, during differential
dielectric heating, exposed power should not damage the
host plant and fruits [5]. To develop such a RF and
microwave source system; magnetron can be one of the low
cost and easy solution. The low and high power magnetrons
at 915 MHz and 2.45 MHz are available with power supply
for domestic and industrial applications [8]. The domestic
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LG MC-7880PSR model (28-liter capacity) microwave
oven is studied and it understood that the electromagnetic
power of magnetron can be coupled to a coaxial wire by
using magnetron launcher waveguide and waveguide to N-
type coaxial adapter [6][7]. To calculate the rectangular
waveguide dimensions, cut-off frequency and wavelength
were calculated using Equations (1) & (2) for TE10 mode
and are given as:

G = 5= () + () @

Admn = —— 0
@) +G)
Where fc is cutoff frequency, ‘a’ is longest dimension of a
waveguide, ‘b’ is shortest dimension of a waveguide, ‘m’ is
the number of half - wavelength variations of the fields in
the ‘a’ direction, ‘n’ is the Number of half-wavelength
variations of the fields in the ‘b’ direction, € is Permittivity
and p is Permeability [9]. The low and high frequency is

determined from Equations (3) to (5).
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Where wm is the width in meter of the rectangular
waveguide.

frigh = 1.89f; (4)
fiow = 1.25f, (5)

The waveguide impedance is calculated using Equation (6)

[71.
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Where Z0 is characteristics impedance of waveguide and fO
is free space wavelength.

2. Material and Methods

2.1 Simulation of RF and Microwave source

The COMSOL Multiphysics software is used to simulate the
magnetron launching inside the rectangular waveguide and
coaxial adapter. The magnetron of 2.45 GHz is used during
experimentation due to polarization of water molecules at
this frequency is high and need small size parallel applicator
[3]. To couple power at 2.45GHz to an applicator, the
standard WR 340 waveguide dimensions (86.36 x 43.18 x
370 in mm) are used. The position of microwave oven
magnetron (LG-2M214) port in COMSOL Multiphysics is
at 192 mm from back short of magnetron launcher
waveguide. The diameter of port is 15mm. The thickness of
all wall sides is 3mm. The separate coaxial adapter with
dimensions (86.36 x 43.18 x 95) mm is attached to
magnetron launcher waveguide. The N-type female
connector (coaxial port) is placed at 25mm from back short
of coaxial adapter. The placement of magnetron output port
and coaxial waveguide adapter port are optimized and
placed for better power coupling and is shown in Figure 1.
To simulate this structure, the boundary condition is ‘Perfect
Electric Conductor’.

Coaxial port

Magnetron port

Fig. 1. Magnetron launcher and coaxial adapter design
in COMSOL Multiphysics.

2.2. Hardware design

The fabrication of simulated microwave launcher
waveguide is made in brass. The testing of developed
microwave source conducted on Vector Network Analyzer
(VNA: 9KHz to 13.5GHz R&S-ZVL model) at N-type
coaxial port is shown in Fig. 2. During experimentation a
power supply of LG microwave oven model MC-7880 is
used to power up the magnetron. Testing of developed
source system along with applicator and commodities are
conducted in anechoic chamber at the power 180W, 360W,

Fig. 2. Testing of agnetron launcher and coaxial
adapter using VNA (R&S-ZVL model).

and 540W as per the available step size of the used
microwave oven power supply. The magnetron power
supply kept outside the anechoic chamber in control room
to set the power and the exposure duration. The effect of 5
m long wire; 4 sg. mm is analyzed by heating a cup of water
in microwave oven and its heating time and current has been
observed. The tested results of microwave oven with and
without extended wire are given in Table 1.

Table 1. Effect of five-meter extended wire connected
between the power supply and magnetron

. . Five meter long wire
Direct connection .
connection to
to magnetron from
Power | supply (load in magnetron fr(_Jm
! .| supply (load in
set by | microwave oven: h .
micro | One cup water MICrowave oven.
One cup water @10
wave | @10 sec.) sec.)

%x; Change Change
Curre | in Current in
nt (A) | temperat (A) temperat

ure (°C) ure (°C)

180 041to|74 04 to]|6.2
0.7 0.7

360 0.4 to | 10 04 to|85
1.2 1.2

540 0.4 to | 10 04 to|85
1.2 1.2

720 0.4 to | 10 04 to|85
1.5 1.4

900 0.4 to | 10.3 04 to|91
1.2 1.2

Fig. 3. Setup of power supply, magnetron waveguide
launcher and an applicator connection.
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A tong tester (MEKO model) and infrared thermometer
(Metravi MT-4 model) are used to measure the current and
temperature of water. The complete hardware setup of this
experimentation interface is shown in Fig. 3.

With the help of field probe, the field intensity and power
density inside the applicator has been calculated and is given
in Table 2.

Table 2. Measurement of electric field intensity in
applicator at different power input to the magnetron.

Input E-field intensity Power flux
power (V/m) inside the density at
(W) applicator plate applicator (W/m?)
180 232 142.76
360 362 347.59
540 502 668.44

The electric field intensity above the 300 V/m is suggested
with low power and compact source system to connect to
the applicator for insect control purpose [5].

3. Results and Discussions

The field pattern of designed waveguide for TE10 mode and
the power flow from magnetron port to the coaxial port in
simulated results are shown in Fig. 4.

freq(1)=2.4500E9 Multislice: Electric field norm (V/m) o

¥ 4.96x107¢ A 1.3x10°

0.01 0.02 0.03 0.04 0.05
Messages Progress Log Table 12
w W=

freq (Hz) Electric field norm (V/m) VSWR
2.4500€9 52294 129

Fig. 4. The field pattern of the simulated microwave
launcher and coaxial adapter.

The measured electric field intensity 522.94 V/m at the
input power of 500 W and the Voltage Standing Wave Ratio
(VSWR) 1.29 is observed, which can transfer the 98.4% of
energy from magnetron port to coaxial port.
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Fig. 5. The return loss (S11) of fabricated microwave
launcher and coaxial adapter.

The developed microwave source is tested on VNA for the
return loss (S11) 16.35 dB and VSWR 1.34 are shown in
Fig. 5 and Fig. 6 respectively.

2.5
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>
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Fig. 6. Voltage standing wave ratio of fabricated
microwave launcher and coaxial adapter.

The total power transfer becomes 97.89% of the applied
input power to the coaxial port. The Brass material is used
to fabricate the waveguide with 3 mm thick side walls;
hence its power handling capacity is more than 3KW.
During testing of the extended wire from power supply to
magnetron from power supply unit of a microwave oven, it
is observed that the current from transformer is same, but
there are differences in a rise in temperature of the water
kept in a microwave oven due to voltage dropped. The
actual electric field intensity will be more than measured if
developed microwave source will be connected to the power
supply without five-meter extended wire.

From the conducted experimentation, it is possible to
develop such a source at different RF and microwave
frequency by changing the magnetron of 915MHz and 5.81
GHz with its power supply and dimensions of waveguide

[8].

It has been observed that, when the electric field intensity
set to 349 V/m during exposure; the poor hatching of eggs
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and mortality of first instar, as well as erratic movement of
second and above instar larvae of ‘Helicoverpa armigera’
has been reported [5]. However, more than 300 V/m electric
field intensity needed to control the “Helicoverpa armigera”
on a tomato plant and hence commodities are tested up to
540W power of developed microwave source. With proper
shielding to the applicator, radiation around the applicator
can be controlled.

The chemical analysis of tomato plant done after the
electromagnetic exposure are given in Table 3 & Table 4.

Table 3.The Bete-caroten after electromagnetic exposure

on tomato.
Sample Beta-carotene (ug/100g) after 05
(Tomato) seconds of exposure at the power.
360 W 540 W
Premature 145.06 156.89
Mature 331.02 567.70

Table 4. The pH and Total soluble solid after
electromagnetic exposure on tomato.

Sample pH and Total Soluble Solid after
(Tomato) 05 seconds of exposure at the power.
360 W 540 W
pH TSS pH TSS
Premature 4.4 4.8 % 4.5 5.0%
Mature 4.4 4.0% 4.4 4.0%

The Beta carotene of mature and premature tomato is
increased with increase in power. The tomato beta carotene
range lie between 230 to 283 (ng/100g)[10][11]. It has been
also observed that as temperature increases beta carotene
also increase [12]. Whereas the percentage of Total Soluble
Solid (TSS) is observed in the range between 4.5% to 6.25%
[13]. A very negligible change in pH is observed in tomato
during chemical analysis. The hatching rate of eggs is
reduced and early hatching has been observed and 1st to 3rd
instars mortality observed whereas 4th and 5th instars
erratic movement observed. The sample size of the eggs and
each instars are 20 and 5 respectively. Hence this power can
be suitable to use in the agriculture application without
degrading the fruit quality and host plant.

4, Conclusion

The simulated RF and MW source were successfully
designed, developed and tested. The simulated microwave
source at 2.45GHz is successfully designed, developed and
tested. The developed source system is low cost as compare

to the available solid state power amplifiers, to satisfy the
requirements in agriculture to control the insect pests. The
developed microwave source has VSWR 1.34 and 97.89 %
of power transferred to the applicator. The band width of the
developed microwave source is 100MHz. It has been also
observed that there is no diverse effect of electromagnetic
radiation from developed microwave source on tomato
fruits.
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