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The paper presents an innovative measurement approach for Transmission Loss measurement of non-
standard-shaped samples using an impedance tube. With a popular circular-shape impedance tube and
standard mounting method, samples shall be prepared in a circular shape with a diameter precisely matching
the inner surface of the tube and edges closely matching to the tube walls. The accuracy of sample
preparation and the tightness of mounting have a major influence on the repeatability of results.
Unfortunately, achieving the above conditions is highly challenging, in particular for hard and stiff
materials. Therefore, a novel technical solution and measurement method enabling Transmission Loss
Measurement of Non-Standard-Shaped Samples was developed. The paper presents the overview of this
solution and stepwise description of this measurement method. Moreover, the effectiveness of this method
is confirmed based on the results of some comparative measurements. The obtained results confirm that an
innovative measurement approach not only allows convenient Transmission Loss coefficient measurement
of soft and rigid samples but also enhance the repeatability of the results.

1 Introduction

The transmission loss (TL) is typically measured using an impedance tube, most commonly with a circular cross-section,
in accordance with standardized procedures [1]. In the present study, it was necessary to determine the TL of metamaterial
structures that could not be fabricated in a circular shape. Additionally, previous experience has shown that TL
measurements, particularly for hard and stiff materials, are challenging due to the difficulty of preparing perfectly circular
samples that precisely fit the inner diameter of the tube.

A review of the literature revealed several sealing methods intended to improve measurement reliability and repeatability,
such as the use of petroleum jelly, tape, or wax, as reported in [2]. However, these approaches were found to significantly
reduce measurement repeatability. The same study also demonstrated that leakage could lead to a substantial decrease in
the measured TL values. Furthermore, in [3], cone-shaped adapters were proposed to enable transmission loss
measurements of acoustic silencers with dimensions exceeding the inner diameter of the impedance tube.

Moreover, a review of available patent applications and utility model descriptions revealed three noteworthy solutions.
The Chinese utility model [4] presents a design consisting of a cylindrical sleeve with a threaded inner surface and a set
of annular clamping elements, enabling precise positioning and compression of the sample. This solution extends
measurement capabilities to include transmission loss of membrane materials. Additionally, it improves both the accuracy
and repeatability of the measurements. The American description [5] presents a sample holder enabling stable and
controlled mounting of test specimens in an impedance tube, based on a two-part sleeve forming a coaxial, leak-tight
assembly with optional spacer rings for precise positioning, thereby improving measurement repeatability and reliability.
The Chinese utility model [6] presents an integrated impedance tube system for acoustic testing under variable air pressure
conditions, consisting of an impedance tube equipped with a loudspeaker, a sealed termination, flush-mounted
microphones, and additional instrumentation including a barometer, air inlet and pressure release valves connected to a



pump system, enabling controlled adjustment of the internal pressure for measuring acoustic parameters such as sound
absorption and transmission characteristics of tested materials.

Unfortunately, none of the solutions described above met the requirements for measuring metamaterial structures that
could not be fabricated in a circular shape. Therefore, based on these approaches and the specific needs of the project, a
custom sample holder was designed, and a dedicated measurement methodology was developed, as presented in this
article.

2 Method

The SAMPLE-HOLDER fixture was conceived and developed as part of the implementation of the research project
“Innovative metamaterial cladding increasing the sound insulation of partitions by reducing resonance bands”. One of the
project tasks involved the experimental validation of the performance of sound-insulating metamaterial structures. Such
validation is typically carried out by measuring the transmission loss using an impedance tube setup. However, in this
case the tested samples consisted of complex structures with resonant elements attached to a rigid base plate, which made
the preparation of standard circular specimens with a diameter of 100 mm particularly challenging.

To address this limitation, a novel solution in the form of the SAMPLE-HOLDER fixture was proposed and designed.
The developed holder enables stable positioning of samples with high stiffness and irregular geometry inside the
impedance tube, without the need for precise shape matching between the specimen and the tube cross-section. As a result,
the sample preparation process was significantly simplified, while maintaining proper measurement conditions.

Moreover, the use of the holder eliminates the necessity of applying additional sealing materials, which could otherwise
influence the measurement results and introduce uncertainty. This approach ensures improved repeatability and reliability
of transmission loss measurements for complex metamaterial structures under controlled laboratory conditions.

2.1 Research sample — metamaterial structure

The metamaterial structure was designed based on solutions reported in the literature for locally resonant metamaterials
[7, 8]. The geometric configuration was developed to achieve tuning to a target frequency of approximately 240 Hz,
corresponding to the expected resonance behaviour of the structure. The design process was supported by numerical
analysis carried out using the finite element method in the COMSOL Multiphysics environment, which enabled the
optimization of the structural parameters and the prediction of its acoustic performance.

In the next stage, a physical prototype was fabricated using PLA material with the application of 3D printing technology.
The prepared sample was subsequently tested at a dedicated measurement setup for transmission loss evaluation using an
impedance tube. Experimental validation was performed in order to verify the predicted acoustic properties and to assess
the effectiveness of the designed metamaterial structure under controlled laboratory conditions.

2.2 SAMPLE-HOLDER description and application

The SAMPLE-HOLDER is a set of three components installed between two segments of an impedance tube (Figure 1).
Element 1 is press-fitted into segment A of the tube, while Element 3 is press-fitted into segment B. Element 2, which
accommodates the test sample, is either permanently connected or also press-fitted to Element 1. Element 3 has a piston-
like function and is used to position the sample perpendicular to the axis of the impedance tube by pressing it against the
wall of Element 1.

The measurement of the TL coefficient in an impedance tube using SAMPLE-HOLDER is performed in accordance with
the standard [1]. The only modification is the use of the specially designed SAMPLE-HOLDER, which is installed
between segments A and B of the impedance tube, as shown in Figure 1b).
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Figure 1: Impedance tube with SAMPLE-HOLDER:
a) general view of the SAMPLE-HOLDER fixture placed in the standard impedance tube;
b) detailed view of the SAMPLE-HOLDER components located in the impedance tube;
¢) Isometric view of all SAMPLE-HOLDER components.

3 Results

Validation measurements using SAMPLE-HOLDER were performed for two specimens of the same metamaterial
structure designed to be tuned to approximately 240 Hz. In order to verify the repeatability of the measurements, two
samples of the metamaterial structure were tested and compared. The results of the TL measurements are presented in
Figure 2. For interpretation purposes, the measured response of the metamaterial specimens was compared with that of a
flat sample having the same mass, taken as a reference representing the behaviour expected from the mass law.

The comparison of the two metamaterial samples shows good agreement in the overall course of the TL characteristics,
which confirms the repeatability of the measurement method and the proper functioning of the developed SAMPLE-
HOLDER. In both cases, a distinct local increase in transmission loss can be observed in the frequency region close to
the designed tuning frequency. This effect is associated with the resonant behaviour of the metamaterial structure and
indicates that the tested samples exhibit the expected acoustic response. The maximum transmission loss obtained at the
peak reaches approximately 29.0 dB for 230 Hz and 28.11 dB for 236 Hz for metamaterial samples 1 and 2, respectively.
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Figure 2: TL coefficient curves obtained for the measured samples (dark grey and light grey continuous lines) of the
metamaterial structure tuned to a target frequency of 240 Hz (dashed black line), together with the curve obtained for
the sample with equivalent mass (dotted black line)

A comparison with the flat sample of equivalent mass demonstrates that the metamaterial structure provides an
improvement in airborne sound insulation that cannot be explained only by the mass law. While the reference flat sample
reflects the behavior expected for a conventional structure of the same mass, the metamaterial samples show an additional
increase in transmission loss in the vicinity of the tuning frequency. This confirms that the observed insulation
improvement results from the presence of locally resonant elements incorporated into the metamaterial design.

It can also be seen that the local maximum appearing near the tuning frequency is followed by a local minimum in both
metamaterial samples. Such a peak-and-dip characteristic is typical for resonant metamaterial systems and is consistent
with the dynamic interaction between the base structure and the attached resonant elements. The position of this feature
relative to the dashed line marking the target frequency confirms that the experimental response remains in good
agreement with the assumed design conditions and previous numerical predictions.

4  Summary

This study presented a dedicated SAMPLE-HOLDER and an adapted measurement procedure for transmission loss (TL)
evaluation of non-standard-shaped samples in an impedance tube. The proposed solution enables reliable testing of
complex and rigid structures without the need for precise geometrical matching to the circular tube cross-section or the
use of additional sealing materials.

The experimental results reveal a local maximum in the transmission loss in the frequency range predicted by numerical
simulations performed in the COMSOL Multiphysics environment, indicating the validity of the proposed approach. In
particular, the method successfully captured the expected acoustic behavior, including the targeted attenuation effects
associated with locally resonant metamaterial structures.

A key advantage of the developed solution is the significant simplification of the sample preparation process. In many
practical cases, the fabrication of standard circular samples is either infeasible or requires costly and time-consuming
manufacturing by specialized companies. Additionally, leakage gaps, which are practically unavoidable, require the use
of supplementary sealing materials such as adhesive tape, putty, or technical petroleum jelly. Such solutions introduce
significant measurement uncertainty and reduce repeatability, particularly in the low-frequency range. The proposed
SAMPLE-HOLDER eliminates these limitations, enabling faster and more flexible testing of a wide range of sample
geometries.

The results indicate that the method can be effectively applied to various types of structures, provided that an appropriately
designed holder is used. Ongoing work focuses on an extended measurement campaign involving different materials,
geometries, and holder configurations to further validate and generalize the proposed approach.
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