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Research on Calibration of Resistance Tube Based on Acoustic Simulation
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[ Abstract] The calibration of the measurement error of the sound absorption coefficient, using the impedance tube
(transfer function method), employs the standard sample method. The excitation of a plane wave is produced by the
broadband sound source within the tube. By measuring the transfer function of the response signals of two transducers, the
sound absorption coefficient of the standard sample is determined. The measurement error of the sound absorption
coefficient is then deduced by comparing this with the standard value of the standard sample. As the operating frequency
range of the impedance tube under calibration may not correspond with the calibration frequency range mentioned in the
certificate of the standard sample, it is essential to determine the impedance tube's working frequency range prior to
calibration. This further aids in establishing the calibration frequency range, thereby avoiding calibration result inaccuracies.
This study encompasses a theoretical analysis and simulation of the cut-off frequency of the plane wave sound field
generated within the impedance tube, and a simulation of the sound absorption coefficient of two impedance tubes with
distinct diameters (or side lengths) and varied transducer spacing. A mathematical model that establishes a relationship
between the tube diameter (or side length), transducer spacing, and frequency range has been derived from these simulations.
This model serves as a useful tool providing guidance for the calibration of the measurement error of the impedance tube's
sound absorption coefficient.
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Fig.1 Schematic of rectangular tube
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Fig.2 Schematic of circular tube
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Fig.3 Simulation results of plane wave in
rectangular tube
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Fig.4 Sound pressure level at six points in
rectangular tube

M 4 0T LLE 3], Z5ETE & TE 1663 Hz 310R AL,
I 6 f5 7 45K 143.45 dB . 143.42 dB. 143.30 dB.
143.36 dB. 143.37 dB. 143.35 dB, #H2%7F 0.15 dB {li

Metrology Science and Technology, May 2023, Vol. 67, No. 5

Bl PN, il A2 P TR I8 75 R AN B P 15 1 28 P R
M7E 1700 Hz A EAEE, 75 R AR 22 80K, HEA 53
WP .
14 ERERTEENHE

PERIEAE A2 100 mm, FR 98 20 (8) B i HL A
1R R

343
2xmx0.05

Xof R4S Sr USSR I SEA 705 BT 3T, 4525
WE S FiR . MWE S Al UG B BB S T B E
FA 75 H ORH [), U B 75 g 2T T, A8 T o T
7

fo=1.841x =2010Hz

Pressure amplitude dB(RMS)
Occurrence 64

143
143
143

143
143

143
I 143
143
143

Im
143
On boundary
Bs5 BEREPTEEAESER
Fig.5 Simulation results of plane wave in circular tube
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Fig.6 Sound pressure level at six points in circular tube
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Fig.7 Schematic of impedance tube sound absorption
coefficient calibration
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Fig.8 Simulation results for circular tube with varying diameters and spacings
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