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In this letter, a vibrating intrinsic reverberation chamber (VIRC) working in mode tuning is designed and fabricated; the designed
RC is made of a highly electrically conductive silver fabric. A stepper motor is used to tune the cavity surface step by step along its
normal direction, and an RC with vibrating wall is realized. Te corresponding relationship between the vibrating amplitude and
frequency of use is calculated. A test system is developed and the performance of VIRC is experimentally verifed. Measurement
results show that the measured E-feld samples follow a Rician distribution, and the standard deviation of the space E-feld is less
than 3 dB, which meets the requirements of statistical uniformity tolerance in IEC 61000-4-21.

1. Introduction

Electromagnetic interference may bring threats to the safety
and reliability of electronic equipment; thus, reliable elec-
tronic devices need to be tested for electromagnetic com-
patibility (EMC) before being put on the market. An
anechoic chamber is a conventional and widely used EMC
test environment, and it provides an ideal electromagnetic
environment with a single incident direction. Terefore, the
EMC test results in such platform may not accurately refect
the actual anti-electromagnetic interference performance of
the equipment in a complex electromagnetic environment
(e.g., in an aircraft cabin, high Q-factor cavity, etc [1]).

Te electromagnetic environment in a reverberation
chamber (RC) has the characteristics of spatial statistical
uniformity, isotropy, and random polarization. Due to the
rich multipath refections, an RC can emulate the electro-
magnetic environment better than in an anechoic chamber
[2, 3], which makes it very suitable for evaluating the im-
munity of electronic equipment installed in cavity envi-
ronments [4].

In recent years, a new type of RC called vibrating in-
trinsic reverberation chamber (VIRC) has emerged. By
changing the boundary position of the RC, VIRC can achieve
a statistically uniform electromagnetic environment without
rotating mechanical stirrers. Compared with conventional
RCs, the VIRC has the advantages of large available test
space, low cost, and high test efciency [5, 6]. However,
existing VIRCs cannot work in tuned mode [7–15].

One common feature of the models developed in the
literature is that the boundary of the RC is random shaking,
which leads to the electric feld in the RC based on the
shaking boundary deformation technology, which is a
continuously changing and unstable feld. However, some
electronic devices require electromagnetic environment ir-
radiation for a period of time to produce interference efects.
Terefore, this continuously changing, nonstationary elec-
tromagnetic feld has limitations when used in the elec-
tromagnetic environment efect research of electronic
devices, and it may be impossible to fnd the electromagnetic
weaknesses of the type of electronic devices. Tis limits the
application of VIRC in EMC experiments, as some
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international standards only accept the mode tuning test of
the RC [4].

In this letter, we propose a mode-tuned VIRC method
and develop a test system for measurements in RC. Te
organization of the article is as follows. Section 2 describes
the VIRC model construction method and vibrating am-
plitude calculation method. Section 3 describes the devel-
oped VIRC test system. Section 4 verifes the efectiveness of
the test system experimentally, and the consistency between
the test results and the theory can be observed.

2. VIRC Model Based on Surface Vibration

2.1. Construction of the Cavity Surface Vibration Model.
VIRC is achieved by driving a stepper motor connected to
the center point of the surface back and forth along its
normal direction. Terefore, a VIRC can be approximately
modeled as a combination of a rectangular cavity and a
quadrangular pyramid, where the height of the quadrangular
pyramid is the amplitude of the vibration of VIRC. Te
synthesis of a series of quadrangular pyramid and rectan-
gular cavities with diferent heights is the discrete form of
VIRC in the time domain. Te VIRC model established by
this method is shown in Figure 1.

2.2. Calculation Method of Vibration Amplitude of a Cavity
Surface. According to Weyl’s law, the number of resonance
modes in a rectangular cavity can be given in the form of
wavelength and volume, which is approximately

Ns(f) �
8πV

3λ3
. (1)

Te variation of the number of modes can be linked to
the volume variation as follows:

∆Ns �
8π
3λ3
∆V. (2)

When ∆Ns � 1 which means the resonance mode is
shifted to the next mode, the perturbation of the volume can
be obtained as follows:

∆V ≈
3λ3

8π
. (3)

Te perturbation of the VIRC volume is equal to the
increase or decrease of the volume of the quadrangular
pyramid. Te perturbation of the volume of a quadrangular
pyramid can be obtained as follows:

∆V �
1
3

Sup +
�����
SupSlo


+ Slo ∆h, (4)

where Sup and Slo represent the area of the upper and lower
surface of the quadrangular pyramid, respectively, and ∆h

represents the perturbed height of the quadrangular
pyramid.

Since each deformation of the RC is required to be able
to change the distribution structure signifcantly of the
electromagnetic feld inside the cavity, the vibration step of
the RC is equal to the change of the height of the quadrangle.

We substitute formula (4) into formula (3) to obtain the step
amplitude of VIRC:

∆h �
9λ3

8π Sup +
�����
SupSlo


+ Slo 

. (5)

Te paddle of a mechanically stirred RC needs to reside
in at least 12 positions to obtain good statistical space
E-felds [2]. Accordingly, the number of vibration step of
VIRC is required to be at least 12. Tus, the vibration
amplitude of the VIRC can be determined as follows:

l≥ 12∆h �
27λ3

2π Sup +
�����
SupSlo


+ Slo 

. (6)

3. Fabrication of VIRC

Te VIRC cavity was made of a silver fber shielding cloth,
the shielding efectiveness of which is about 50 dB. A
rectangular cavity with dimensions of 2.5m× 1.8m× 1.5m
was built with the cloth, and its eight vertices are fxed on a
bigger meal frame. Te bottom of VIRC is close to the
ground. All surfaces of VIRC except the bottom can be
moved by motor traction. A hole with a size of 1m× 0.8m
was opened on one surface of the VIRC, through which the
test equipment could be put into the VIRC. We use a silver
fber cloth slightly larger than the area to cover the hole to
prevent electromagnetic leakage. A stepping motor was used
to drive a surface of the VIRC to reciprocate along its normal
direction. Te proto type of the VIRC is shown in Figure 2.

An automatic test system is depicted in Figure 3 using a
signal generator, a power amplifer, a power meter, a
spectrum analyzer, etc. Te signal generator was used to
generate the required continuous wave signal, which was
amplifed by a wideband power amplifer and feed to the
transmitting antenna in the VIRC. Te power meter was
used to monitor the forward and reverse power of the
system. Te reference-receiving antenna was placed inside
the working area of the RC, and the received signal was
monitored by the spectrum analyzer through a coaxial cable.
Te schematic diagram of the test system is shown in Fig-
ure 3. Te actual test picture is shown in Figure 4.

4. Evaluation of Space E-Field
Characteristics in VIRC

4.1. Characteristics of the E-Field inside the VIRC. VIRC
operates in stirring mode during E-feld characteristic
testing. Te E-feld meter was placed in the working area of
the RC to test the E-feld. A set of E-feld data was recorded
every 3 s, and a total of 500 sets of test data were recorded.
Te cumulative probability density functions of E-feld
samples at two frequencies, 200MHz and 600MHz, were
measured, and the test results are shown in Figure 5.

Te solid line in Figure 5 represents the theoretical
Rician distribution function, and the dotted line represents
the cumulative probability distribution function of the
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Figure 2: Te proto type of the VIRC.
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Figure 1: Schematic diagram of the VIRC model.
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Figure 3: Diagram of the test system.
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actual test data. It can be seen that at 200MHz, there is a
signifcant deviation between the measured data and the
theoretical Rician distribution function, which refects the
poor statistical characteristics of the E-feld inside the RC.
With the increase of frequency, the measured data and the

theoretical Rician distribution function tend to be
consistent.

One of the characteristics of the reverberation chamber
is that the distribution function has a large deviation from
the theory at a lower frequency. When the frequency is

Figure 4: Te fgure of measurement.
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Figure 5: Probability distribution function of E-feld in the RC. (a) f� 200MHz, (b) f� 600MHz, (c) f� 1000MHz, and (d) f� 10GHz.
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higher, the consistency between the probability distribution
function and the theoretical analysis will be better. For the
VIRC studied in this paper, 200MHz is a lower frequency
case, and the consistency of the probability density function
is not good at this time. With the increase of frequency,
when the frequency is 600MHz, 1000MHz, 10GHz, theo-
retically, the probability density function of the reverbera-
tion chamber should become better. In fact, the
measurement data also support this view. Although there is
not much measurement data in the higher frequency range,
it could be expected that the electric feld distribution
characteristics of the reverberation chamber in the wider
frequency range are still good.

4.2. E-Field Uniformity inside the VIRC. In the uniformity
test, the VIRC is in tuning mode. According to formula (6),
the vibration amplitude can be chosen to be 40 cm. In order
to study the infuence of vibration amplitude on uniformity,
the vibration amplitude of 20 cm was also measured, and the
results are shown in Figure 6.

In Figure 6, Ex, Ey, and Ez represent the standard de-
viation of the x, y, and z components of the maximum
E-feld, respectively, and Et represents the standard devia-
tion of the total E-feld intensity. It can be seen that the
standard deviation of the E-feld shows a decreasing trend
with the increase of frequency, which indicates that the
uniformity of the VIRC is improving. Te vibration am-
plitude has a signifcant efect on the E-feld uniformity,
when the vibration amplitude reaches 40 cm, the standard

deviation of all frequencies in the range of
500MHz–1000MHz is less than 3 dB, which meets the re-
quirements of IEC 61000-4-21 for the uniformity of the RC.

4.3.ComparisonwithTraditionalMethods. Table 1 shows the
comparison between the new method and the traditional
method. From the perspective of system composition, the
new method is slightly more complex than the traditional
method. Te traditional method is easy to realize by pulling
the corner or edge of the reverberation chamber for vi-
bration or random deformation.Te newmethod requires at
least one guide rail, one or more surfaces of the traction
reverberation chamber are deformed, and the system is
relatively complex.

Traditional methods are difcult to obtain the statistical
uniformity of spatial electric feld, because the vibration
amplitude needs to be explored, and it may require multiple
adjustments to the reverberation chamber vibration method
to achieve the acquisition of the spatial statistical uniformity
of the electromagnetic environment. Using the new method
to make VIRC, the deformation amplitude has clear theo-
retical guidance, and it can be expected to obtain a good RC
environment easily.

In terms of the internal electric feld distribution char-
acteristics, VIRC made by traditional methods can only
work in mode stirred, so the internal feld distribution is
unstable, which is an electromagnetic feld that changes with
time.Terefore, it can only be used for the EMI test of energy
sensitive electronic equipment. Te VIRC made by the new
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Figure 6: Te statistical uniformity of the spatial e-feld inside the VIRC. (a) Amplitude 20 cm and (b) Amplitude 40 cm.

Table 1: Comparison with traditional methods.

Items New method Traditional method
Test system Relatively complex Simple
Statistical uniformity of
spatial electric feld Easy access Not easy to obtain, and the deformation amplitude and other

parameters need to be adjusted many times
Working mode Mode-tuned Mode-stirred

Application range Suitable for EMI testing of all types of
electronic equipment

Only suitable for EMI test of energy sensitive electronic
equipment
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method can work in tuned mode, with a wider range of
applications, and can be used for EMI testing of all types of
electronic equipment.

5. Conclusion

In this letter, a method for designing surface vibration
VIRCs that can operate in mode-tuning mode has been
proposed. Te proposed VIRC is made of a silver fber
shielding cloth, and a stepping motor is used to drive the
cavity surface to move in the normal direction. Te linear
stepping mode of the motor makes it possible for the VIRC
to work in mode tuning. Te calculation method of the
vibration amplitude of VIRC is proposed, and the perfor-
mance evaluation test of the developed VIRC is carried out.
Te results show that the E-feld inside the VIRC obeys the
theoretical Rician distribution. When the vibration ampli-
tude reaches 40 cm, the standard deviation of the E-feld is
less than 3 dB, which meets the requirements of EMC on the
uniformity of the platform. Measurements confrm that a
VIRC with good statistical properties can be realized by
applying the surface vibration technique.
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