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The tests conducted in both rooms have exhibited varying responses based on the
equipment's directivity. Furthermore, the outcomes derived from this examination
exhibit variability contingent upon the conditions under which the test is conducted.
Hence, the test results obtained from the two chambers exhibit similar error biases.
The error bias refers to the proportion of a measured response obtained under
specified test conditions compared to the maximum possible reaction. The paper
examines the coupling uncertainty and anticipated error bias for both test procedures,

Keywords: analyzing how they vary with apparent directivity. The measured AC data is utilized to
Mode Stirred Reverberation Chamber ascertain the magnitude and configuration of the apparent directivity of equipment
(MSRC); Anechoic Chamber (AC); responses.

Electromagnetic Compatibility (EMC)

1. Introduction

AC and MSRC are extensively used test methodologies for EMC radiated immunity testing. An
optimal alternating current source provides illumination to the Equipment Under Test (EUT) with a
wide range of horizontal and vertical polarizations. It emits multiple plane waves with specific field
amplitudes and an adequate variety of incident angles. Nevertheless, testing that adheres to
standards restricts the quantity of incident angles [1]. Presently, we employ this test to assess
immunity, quantify the shielding effectiveness of an EUT, and gauge emission levels. The AC can
recognize the radiation pattern by enhancing the immune response and effectiveness of the bladder
or by detecting emissions from an EUT. This computation requires that the tested equipment be
exposed to a large quantity of plane waves in all directions and polarizations while in free space.
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Optimal examinations A Multiple Source Radiated Compliance (MSRC) test involves doing multiple
separate tests, each representing different sites within a brewery. In this scenario, the
electromagnetic field that illuminates the EUT is both statistically isotropic (uniform in all directions)
and homogeneous (uniform in all locations). The maximum intensity of the field is a random variable,
but its anticipated value may be predicted. Today, we are specifically focusing on comparing the
results obtained by MSRC with those obtained via AC [2]. Both forms of testing have their own set of
advantages and limits [3,8]. A major issue in AC testing is to ensure the utilization of the most crucial
directions and polarizations, as conventional tests limit their number. However, the specific shape
and size of the wave that triggers the electromagnetic interference are known with certainty [4].
Alternatively, the MSRC activates all deficits in the EUT at the same time, which makes it difficult to
discern the orientations and polarizations of the waves that cause excitement. Consequently,
applying test results to enhance the efficiency of an EUT's shielding is challenging. Nevertheless,
because of their cavity resonant properties, MSRCs lack the ability to generate high-intensity fields
using a little amount of injected power [5,9,10].

The subsequent sections aim to contrast the functioning of AC and MSRC. Following the
completion of a radiated susceptibility test, the equipment utilizes digital computation to analyze
and evaluate the electromagnetic field. The next section outlines the numerical model of the AC,
which is more intricate compared to that of the MSRC. Upon careful analysis of the data, we suggest
a novel approach for harnessing MSRC. This entails integrating temporal methodologies into EMC
testing, wherein we subject the EUT to a focused electromagnetic field of significant magnitude over
a specific duration. We analyze the benefits of using AC to understand and control the direction and
polarization of the wave that affects the EUT. Additionally, we employ the MSRC-approved high field
intensity to calculate the radar's effective diffraction section or total effective section [6,11,12].

1.1 Theoretical Field PDFs

The hypothesis posits that within an ideal parallel-piped cavity, the mode simulation yields a
sinusoidal pattern for the distribution of the field. Nevertheless, their volume constitutes a minuscule
fraction of the cavity. When subjected to electromagnetic impact, the sinusoids experience random
fluctuations in their amplitude, following a statistical distribution known as "Chi-Square (x?)." To
comprehend this characteristic, it is necessary to represent the electromagnetic field as a complex
variable [6,13-15]. Subsequently, the three Cartesian components of the electric field can be
expressed in the following manner:

E(X): Exr+ l Ex[(l)
E(y=Eyr+ i. Eyi (2)
Ez)-Ezrii. Ezi (3)

Each of these intricate components is the aggregate of many random variables that represent the
amplitudes (assumed to be independent) of all the modes.

Ex = Zm.n.p E;Lﬂ.n.p + L. Zm.n.p E;ril.n.p (4)
Ey = Zm.n.p E}r]r:ﬂ.n.p + i Zm.n.p E;:.n.p (5)
Ez = Zm.n.p Eg.n.p + i Zm.n.p E;?.n.p (6)
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The six components have the function F1 Eq. 8 for distribution function and for probability density.
The variable x’s standard deviation ¢ is represented by F1 Eq. 9.

[Exr] = [EXi]z[Eyr]z[Eyi]z[Ezr]z[Ezi]zo (7)
fi() = = e 7o 8)
Fi(x) = %[1 + efc (%)] (9)
X(t) = E, e 0 (10)

2. Numerical Modeling

The methodology employed in this section involved the utilization of the Finite Difference Time
Domain (FDTD) technique for conducting the simulation. To ensure simplicity, we did the
computation in a two-dimensional domain (TM mode) with a predetermined calculation domain CD
=1.8 x 1.8 m?. The excitation signals employed represent Gaussian Eq.10 with a maximum frequency
of fhax =3 GHz, calculated at -20 dB, and an amplitude of Eq=377v / m. We employed a consistent

max

. . . . . Af .
spatial discretization method d, =d, = 1cm that alighs with ———, where A f is the
X y 10 max

wavelength corresponding to f,.«, the wavelength A and a time step dt of approximately 23.59
picoseconds. An EUT figure refers to an item that is represented by PECs (Perfect Electric Conductors)
and dielectrics, and it includes apertures [16-18].

The objective is to quantify the electric field strength (Ez) at a specific location within the EUT
after conducting the radiated susceptibility tests using both Alternating Current (AC) and Modulated
Sweep Rate Control (MSRC). The AC was simulated using wall circumstances, which act as absorbing
boundary conditions for the test. The EUT is subjected to 800 plane waves with two polarizations,
which were uniformly distributed across the EUT, resulting in 400 occurrences.

A total of 800 simulations were conducted to record the electric field at a specific point within
the EUT for each instance. The MSRC was simulated using the Hill plane wave model [6,19,20], where
the internal electromagnetic environment was created by combining a limited number of random
plane waves. This study employed the Finite-Difference Time-Domain (FDTD) method to simulate a
susceptibility test conducted in a reverberant chamber.

Figure 1 displays the form of the transmitted wave, illustrating the arrival of plane waves at
varying time intervals. We have successfully mitigated all the instances of time delay Eq. 10.
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Fig. 1. Transmitted plan wave

3. Results and Disscussion

The AC findings are quantified in relation to bias error Eq. 11 [7,12,22], which represents the
measured value of the electric field within the EUT.

15
(IErch = 16 \/g v Nop Eg (11)

In Figure 3, we witness a specific occurrence that has been normalized by the maximum value
of the field recorded after all events.
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Fig. 2. EUT Fig. 3. AC chamber and the electric field inside the EUT

Figure 4 displays the spectrum that was measured during the EUT for the electric field.
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Fig. 4. Spectrum of electric field inside of the equipment under test

Furthermore, it is evident that the diffraction field is observable in the Ez direction, as depicted
in Figure 5.

Diffracted field by the EUT

50

-50 -

Ez

200 il

.250 L 1 L 1 L L 1 L I )
0 1 2 3 4 5 6 7 8 9
Time (s) <10°®

Fig. 5. The diffracted field by the EUT in E, direction

Figure 6 shows that the frequency is 1 GHz. The angle of incidence where we have the biggest
received field corresponds to a value of 0 dB, while the angle of incidence where the received field is
least corresponds to a value of -3 db. The angles of incidence 0°, 90°, 180°, and 270° are perpendicular
to the four faces of the EUT.
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Fig. 6. Rreceived electric
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This estimate may be subject to multiple sources of uncertainty. By restricting the selection of
incidence angles, such as in experimental tests where we sometimes choose angles that line with the
EUT's faces, there is a potential danger of disregarding the most prevalent critique of the EUT. For
our situation, the crucial orientation for EUT is 212°, which does not correspond to any of the four
sides of the object in question.

Consequently, the directivity's true value may exceed previous assumptions. In addition,
extensively long testing durations are required to evaluate multiple configurations that correspond
to distinct occurrences for a complex EUT.

A Multiple-Source Reverberation Chamber determines the cumulative impulse response of the
field while keeping the orientation of the EUT unchanged. Nevertheless, similar to AC, identifying the
most pivotal orientation can provide a difficulty. Figure 7 displays the normalized spectrum of the
electric field Ez, obtained from the equation below [7]:

15
(IErcDh = 16 \/g v Nop Eg (12)

At a specific location inside the European Union Treaty in the Multilateral Security and
Reconciliation Commission. The frequency response exhibits multiple resonance peaks, which align
with the resonance frequencies of the apertures and the EUT.
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Fig. 7. Simulated for the electric field Ez at a point of the EUT in AC and in MSRC chamber

We confirmed this result by conducting an AC simulation, where we measured the average
electric field of all incident plane waves and adjusted it based on the spectrum of the incident plane
wave. There is a strong correlation between the MSRCRC and AC models in terms of resonance
frequency levels and amplitudes.

4. Conclusions

The purpose of this study was to utilize the advantages of two complementary testing methods,
MSRC and AC, to carry out pulsed radiated susceptibility investigations. We performed multiple
numerical simulations to showcase the efficiency and accuracy of our method, which is not
influenced by losses caused by the RC or its structure. In addition, the preliminary research enabled
us to conduct multiple Electromagnetic Compatibility (EMC) applications in the MSRC and make
comparisons between its features and those of Alternating Current (AC). The categorization based
on industry-standard tests contradicts the temporal domain delineation. After establishing the
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brewers' accreditation, a new method is introduced to achieve selective focusing in the system,
allowing for the testing of radiated sensitivity.
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