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In the heating and drying system using microwaves, an optimal design method was presented to effectively shield
microwaves leakage between the door and the cylindrical applicator. In order to protect the human body from leaking
microwaves, it is necessary to keep the intensity of microwaves below 5 mW/cm?. The door part adopts a choke structure
and includes a number of design factors, such as, fin shape, slit shape, and a gap between the applicator and the door.
The geometry was optimized by design of experiments, applying full factorial design and response surface method in a 4-
factor, 2-level design. The results obtained by ANSYS HFSS analysis were applied to the intensity of microwave leakage
according to the change of the design factors. The shape of the choke structure was optimized using Minitab, a statistical
program. The microwave heating and drying system was manufactured based on optimal design value and the leakage of
microwaves between the door and the applicator was measured. We confirmed that the experimental values were

consistent with the simulation values.

NOMENCLATURE

L = Length of Microwave Transmission Path

L, = Length of Inner Choke Wall

L, = Length of Fin

L; = Overlapped Length between Door Base and Applicator
G; = Gap Distance between Door Base and Applicator
G, = Gap Distance between Fin and Door Base

S = Height of Slit Wall

L = Wave Length of Microwave
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Fig. 1 Microwave heating and drying system

Table 1 Specification of system

Components Specification
Magnetron 1 kW, 2.45 GHz (2M246, LG)
Directional coupler 3kW (BPM 112, National)
Applicator (SM45C) @280 x H510,t=1.0
[mm]
Wave guide (186 x 43 mm (WR-340, Power supply
Inc.)
Power supply 1.1 kW (MDT-1100S, Power Supply Inc.)

Microwaye shieldin;
--" (locking) door 2
-

Microwave
leakage

Fig. 2 Model for electromagnetic field analysis
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Fig. 3 Cross section of door with choke structure
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Table 3 Full factorial design

E-field
Run G] G2 L2 S [V/l’l’l]
1 0.6 0 7.6 0 25.75
2 0.6 3 7.6 0 462.7
3 0.6 0 12 0 33.90
4 0.6 3 12 0 76.90
5 0.6 0 7.6 10 19.28
6 0.6 3 7.6 10 241.7
7 0.6 0 12 10 30.43
8 0.6 3 12 10 19.69
9 2 0 7.6 0 210.6
10 2 3 7.6 0 491.7
11 2 0 12 0 178.2
12 2 3 12 0 569.4
13 2 0 7.6 10 210.1
14 2 3 7.6 10 598.2
15 2 0 12 10 123.1
16 2 3 12 10 4579
17 13 1.5 9.8 5 25.76
E Field
[Vim]
4000.0000f
3742.4664
3484.9331)
3227.3999
2969.8667]
2712.333y
L i 2eed
l 1939.7333
1682.200
14246664
11671333
909.6000
6520667
I 3945333
137.0000

Fig. 5 Results of electromagnetic wave analysis of run 5 & 14

Table 4 Analysis of variance for E-field

Term Effect Coefficient T-value P-value

Constant 2343 8.87 .000

G, 241.1 120.6 4.57 .001

G, 260.9 130.4 4.94 .000

L, -96.3 -48.2 -1.82 .095

S -43.6 -21.8 -0.83 427
] tigt RN WE A= Figs. 63 73k Tk
X5 2 AR oy, &S WSS FAER AV(E-
fieldyo|t}. F=aIEO|A 7] &7]E T3l AAUAR] Gy, Gy, Ly, S
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(Center Point, Runl7)0] FauEo] A AA o)A =7 Hlojydt

Main Effects Plot (data means) for E-field
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Fig. 6 Main effect plot for E-field

Interaction Plot (data means) for E-field
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Fig. 7 Interaction plot for E-field
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Table 5 Response surface methodology

Rn G, G, L s
1 0.6 0 7.6 0 25.76
2 0.6 3 7.6 0 462.7
3 0.6 0 12 0 33.90
4 0.6 3 12 0 76.89
5 0.6 0 7.6 10 19.28
6 0.6 3 7.6 10 241.7
7 0.6 0 12 10 30.43
8 0.6 3 12 10 19.69
9 2 0 7.6 0 210.6
10 2 3 7.6 491.7
11 2 0 12 178.2
12 2 3 12 0 569.4
13 2 0 7.6 10 210.1
14 2 3 7.6 10 598.2
15 2 0 12 10 123.1
16 2 3 12 10 457.9
17 1.3 0 9.8 5 23.46
18 1.3 3 9.8 5 170.4
19 1.3 1.5 7.6 5 268.8
20 1.3 1.5 12 5 202.9
21 1.3 1.5 9.8 0 64.66
22 1.3 1.5 9.8 10 107.0
23 0.6 1.5 9.8 5 31.57
24 2 1.5 9.8 5 144.5
25 1.3 1.5 9.8 5 40.82
26 1.3 1.5 9.8 5 40.82
27 1.3 1.5 9.8 5 40.82
28 1.3 1.5 9.8 5 40.82
29 1.3 1.5 9.8 5 40.82
30 1.3 1.5 9.8 5 40.82
31 1.3 1.5 9.8 5 40.82

Table 6 Analysis of variance for E-field
Term Coefficient T P
Constant 63.65 3.547 .002
G, 113.44 7.440 .000
G, 124.11 8.140 .000
L, -46.48 -3.048 .006
S -17.02 -1.116 276
L*L, 170.87 7257 .000
G * L, -35.64 -2.204 .038
G * G 43.98 2.720 .012

Efield | °

Efield Efield

“Ts1

»
E-field ° E-field

Fig. 8 Surface plot for all factor pairs
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Fig. 9 Shape optimization of microwave shielding door
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Fig. 10 Electromagnetic field analysis of optimization conditions
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