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Abstrak

Sistem lingkungan dan getaran uji dapat menguji peralatan seperti radar dalam kondisi beban
penuh. Kabin lingkungan dan getaran adalah rongga persegi terbuka. Untuk mempelajari distribusi medan
kabin lingkungan dan getaran, distribusi medan rongga terbuka persegi panjang dan antena parabola
dianalisis dengan menggunakan fungsi Green Dyadic. Menurut fungsi Green Dyadic, distribusi medan
kabin lingkungan dan getaran disimpulkan oleh MATLAB. Hasil simulasi FEKO membuktikan bahwa
metode dengan menggunakan fungsi Green Dyadic tersedia. Inovasi dari makalah ini adalah dengan
menggunakan fungsi Green Dyadic untuk analisis medan rongga terbuka dan antena parabola.
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Abstract

Environment and vibration test system can test equipment such as radars in full load condition.
Environment and vibration chamber is an opening rectangular cavity. In order to study the field distribution
of environment and vibration chamber, the open rectangular cavity field distribution and parabolic antenna
are analyzed by using the Dyadic Green’s functions. According to the Dyadic Green'’s functions, the field
distribution of environment and vibration chamber is concluded by MATLAB. The simulation result of FEKO
proves that the method by using Dyadic Green’s functions is available. The innovation of this article is
using the Dyadic Green'’s functions to analyzed open cavity field and parabolic antenna.
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1. Introduction

Environment and vibration test system can test equipment under test such as radars in
full load condition. The system includes environment and vibration chamber and microwave
chamber. The system could overall accurately reflect equipment under test such as radars
performance in high temperature, high humidity and strong vibration environment, could still find
temporary failure of equipment under test. But in the experimental process find that the
microwave of leakage strengthened because of multiple reflections in metal environment and
vibration chamber, the energy is strong enough to influence radars performance, or even
damage radars. Excessive leakage microwave could affect the accuracy of equipment under
test, so field distribution of environment and vibration chamber are analyzed to find the solution.

In recent years, due to the reverberation chamber in the application of electromagnetic
compatibility [1], the field distribution of rectangular cavity is mostly analyzed by Dyadic Green’s
functions [1, 2]. However, related researches of field distribution of open rectangular cavity were
rare. In reverberation chamber study, generally use line antennas as source, and then source
can be simplified for current source [3]. Few people involved in researches of parabolic antenna
in rectangular cavity. In this paper, open rectangular cavity and parabolic antennas of
rectangular cavity was discussed. And prove the correctness of this method in this paper with
the test results.

2. Dyadic Green'’s Functions in Rectangular Cavity
Environment and vibration chamber is a front opening rectangular cavity. Its structure is
shown in Figure 1.
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Figure 1. Structure of environment and Figure 2. Structure of rectangular cavity
vibration chamber

Figure 3. Structure of open rectangular cavity

In Figure 1, the circular in the chamber is parabolic antenna of equipment under test.
The front opening of the chamber is facing microwave chamber, size as shown in Figure 1.
Environment and vibration chamber is integrated the temperature, humidity and vibration three
functions. In the chamber, temperature and humidity can be controlled. At the same time interior
also contains a vibration test bench that could simulate vibration condition of the airborne radar
in operation process. From Figure 1, environment and vibration chamber is a front opening
rectangular cavity.

Figure 2 is completely closed rectangular cavity. Elliptic area is current source.
Establish coordinate system as shown in Figure 2, |, a, b are chamber length, width and height.
Make the wave equatlon into the green functions form [4,5], that is

DXDXG (R, R")- sz (R,R")= IJ(R— R"). The pure conductor of the rectangular cavity

boundary conditions is nXGe(R, R") =0 (in the border, thatis X=0,x=aandy=0,y=b
and Z=0,z=1) . And then get Dyadic Green’s functions in rectangular chamber [6,7]:
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k?= kX2+ky2; J, is Kronecker delta. When m=0 or n=0, §,=1. When m# 0 and N # 0,

0,=0[7].

Eq. (1) to Eq. (7) gives active rectangular cawityDyadic Green'’s functions. The relationship
of field strength and Ge(R, R") will be discussed in this paper. With the relatioetween them,
electric field strength can be obtained.

3. Dyadic Green’s Functions in Open Rectangular Ca  vity
The structure of the open rectangular cavity as shown in Figure 3, establish coordinate

system as shown.
In general, using Maxwell’'s equations in an active area, the Dyadic Green'’s function of

electromagnetic wave equation is:

Ox0xG,(R,R")-k?G,(R,R")

=15(R-R")

(8)

Where: k =277/ A is wave number. Using the second vector-Dyadic Green’s theorem:

[[[. [POx0xQ~(0xOx P Qav
=—[ﬁ'sﬁ1PxDx6+(DxP) xadS

9)

By applying SZEe(R, R" and P=E(R) into Eq. (9), Eq. (9) will be:
E(R)~ e [[[ IRIG(R R)V

=-{f] A{ER xOxG(RR) (10)
HOXE(R] xG4 R R)}dS
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By applying (% E(R)=ja,H (R)and all(bxc) = —b(axc) = (bxa)’c into Eq. (10), Eq.
(10) will be: _
E(R)- japojjjva(R)[Ge(R,R')dv

= [f] L icaH(RIDAXG( R R) (1)
{AxE(R)]DxG R R)}dS

In Eq. (11), R' is position vector of field, R is position vector of source. Under the
condition of open rectangular cavity, surface integral can be divided into two S; parts S; and

S, S; is surface of the conductor wall, S, is the open face. In the surface of the cavity,

boundary condition is: [ﬁxée( R, R)]=0. In Eg. (11), the direction of wave is N satisfies that
N=z. Then, Eq. (11) can deduce:

E(R)- japojjjvJ(R)[Ee(R,R')dv

=[] {LAxE(RIIDxG(R R)} dS

— (12)
=-[[ {lAXE(RIM*G(R R)} dS
~[J {AXE(RIOXG( R R)} dS
Because the wall of the cavity is pure conductor, Nx E(R)=0, Eq. (12) can deduce:
E(R)=jans[[[ 3 (RYGe(R,R )V "

~[J, {LAXE(RITDxG{ R R)} ds

Eqg. (13) is the field distribution of open rectangular cavity of Dyadic Green'’s function.

4. Parabolic Antenna in Open Rectangular Cavity
Because the radiation antenna of radar is parabolic antenna, the parabolic antenna is
source, then there is no current source in rectangular cavity [8, 9]. So surface integral of Eq.

(11) can be divided into two parts, one part is surface integral of paraboloid S, , the orther part is

surface integral of surface of the rectangular cavity S;. The property of first kind of electricity

Dyadic Green’s function: ﬁxa(R, R"=0, Eq. (11) can deduce:
E(R)
=-| L[ﬁxE(R)]tﬂDiéé( R R)ldS
~[], [Ax E(RITOXG{ R R)]ds
~[[ {IAXE(R]DxG( R R)} ds

(14)

Because of pure conductor wall of the cavity, on the surface of S;, the boundary
condition is Nx E(R)=0, Eq. (14) can deduce:
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E(R) =-[]_{AxE(R]
[OxGe(R, R)]dS (15)
~[[, (AXE(RIDXG( R Ry} ds

Where paraboloid of parabolic antenna isS,, S, is opening of environment and vibration
chamber. The first part of surface integral E(R) is field strength vector of paraboloid surface.

E(R") is field strength vector of solving point. Equivalent field strength of paraboloid surface is
known [10]:

J60PD, @,
E(6.6) = rp(¢<‘)

(16)

Figure 4 is the side section of parabolic antenna. Where point F is focus of parabolic
antenna, angle @ is the angle between line from M any point of parabolic antenna to F and

Z axis.

=
\
N/g;\

Figure 4. Side view of parabolic antenna Figure 5. Caliber face of parabolic antenna

Point M " in Figure 5 is the projection of M on the caliber face. The distance between
M "' and the centre of the caliber face is R, and angle between the line from M ' to the centre
of the caliber face and diameter of the caliber face is £.

In Eg. (16), P is total radiation power, D, (@,{) is direction coefficient, where
2

%o
jcoé"2 @ tan§d¢
D,(9.6)="7 v, S=rRE = 4 ztanz%oandu :zcoe%o 0
cos' ¢ singdg
0
In order to facilitate calculation, we can use the function X* + y2 =41z to deduce Eq.
2 + 2
(16). Substitute tang = % and 0= \/XZ +y?+(f —2)? into Eq. (16):
—-Z

4t tan%w/ 6PuU

E(x,vVv,2)=
.(XYZ) A\/X2+y2+(f—z)2

(17)

TELKOMNIKA Vol. 10, No. 3, September 2012 : 572 — 578



TELKOMNIKA ISSN: 1693-6930 u 577

Except unknown quantities x. y. z, the others are all known. Once Dyadic Green’s
function in the rectangular cavity through Eq. (1) is got, we also gain field strength of any point
in the cavity using Eq. (15).

5. The Data Analysis

In order to verify the accuracy of the proposed method, the Figure of environment and
vibration chamber field distribution is concluded by MATLAB. At the same time, the result of
field distribution in the chamber is got by FEKO. Comparing the two results, the method in this
paper can be proved.

In the course of calculation, the radius of parabolic antenna is 30cm, the frequency is
1GHz. The results are shown in Figure 6 to Figure 9.
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Figure 6. Field distribution in 1.8m away Figure 7. Field distribution in 1.8m away
from origin of the chamber by MATLAB from origin of the chamber by FEKO
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Figure 8. Field distribution in 2.0m away Figure 9. Field distribution in 2.0m away
from origin of the chamber by MATLAB from origin of the chamber by FEKO

Figure 6 is the electric field strength distribution in 1.8m away from origin of the
chamber by MATLAB. Compare with Figure 7 that is the simulation result of FEKO in the same
position. The two results both compos of peaks, the two results is similar. The average of peak
values of the field distribution in 1.8m away from origin of the chamber is 1900V/m by MATLAB.
And the average value by FEKO is 1679V/m. By MATLAB the average of field distribution is
969V/m. By FEKO average value is 898V/m. That means field distribution of two methods of
calculating is approximately equal.

The method in this paper is used in MATLAB, but the method used in FEKO is moment
method. That is a reason of error. FEKO is an electromagnetic simulation software package.
Therefore there are some limitations for input model. Using Dyadic Green’s functions could
Optional change parameters by MATLAB; the calculation results would be more precise. That is
to say that using Dyadic Green’s functions are more flexible. What's more, moment method
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could meet variety models, is no advantage in rectangular cavity. Dyadic Green'’s functions are
mainly aimed at rectangular cavity. Using method in this paper will get the more accurate result.

6. Conclusion

In this paper, environment and vibration chamber field distribution is analyzed by the
application of Dyadic Green'’s functions. Because of Dyadic Green’s functions using the vector,
there are large amount of data. Some simplified methods were used to reduce the amount of
data in calculation, thus may cause some calculation errors. Through the experiment data, the
results of MATLAB and the simulation results of FEKO are approximate. The correctness of this
paper is proved. In addition, using Dyadic Green’s functions in MATLAB is more flexible,
parameter settings are more direct, and calculation process is visible. All these advantages are
FEKO doesn't have.
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