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Loudspeaker Impedance Data Fitting

It has become standard industry practice to fit measured loud-
speaker impedance data, usually magnitude and phase, to a
model in order to determine the Thiele-Small parameters. The
motional impedance is always the standard Cy;s, My, Rus ond
order single-degree-of freedom system. The differences are
typically only in the electrical (blocked) impedance. One of the
models in Fig. 1 is typically used for the electrical impedance.
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Fig. 1 Loudspeaker Electrical Impedance Models

Although a loudspeaker driver can be quite non-linear, particu-
larly in the large-signal domain, the data fit is a linear Least
Mean Squares fit to the complex data for small signals. A Mat-
Lab program has been created to perform this data fit. The
measured impedance data can be in an Excel or a delimited
ASCII file. Added volume, added mass, known SPL sensitivity
or known initial parameter methods are all supported. Eight
different user selectable electrical impedance models — three
incorporating a semi-inductance — are available. An example
fit is shown in Fig. 2. The curve fit results (frequency, magni-
tude, phase, and T-S parameters) are saved in an Excel work-
sheet with the name of the model used. Therefore, multiple fits
of the same data using different models may be appended to the
original data file as new worksheets. Afterwards, there is an
option to try a new model, load new data, or exit. This m-file
requires the Optimization Toolbox V4.2 (R2009a), or later.

CJS Labs is a consulting firm based in San Francisco, California. We
specialize in audio and electroacoustics applications. We have over 23
years of industry experience in engineering and technology manage-
ment. Areas of expertise include transducers, acoustics, system design,
instrumentation, measurement and analysis techniques, hearing science,
telephonometry, speech intelligibility, and perceptual coding. We also
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Measured Impedance & Least Mean Squares Curve Fit
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Fig. 2 Measured data and LMS fit to the selected model.

Thiele-Small Parameters
4 inch Polypropelene Driver

Model: Klippel

Re 371 Q Diameter 10.2998 cm
Imax 3634 Q Sd 833 cm?
fs 87.22 Hz Vas 2.28 liters
Zmin 3.75 (0 at 550.25 Hz Qms 7.527

Qes 0.857
Cms 0.2345 mm/N Qts 0.769
Mms 14.2 grams 7m0 017 %
Rms 1.034 N-s/m 2n Sensitivity 87.7 dBSPL at 1m re: 1% into 802
Bl 581 Tm
Le 0.05767 mH
R2 955202
L2 0.141 mH
Mean Square Error: 0.0024 lterations: 37

Fig. 3 Thiele-Small Parameters from data fitting.

The final display of the resulting parameters is shown in Fig. 3.

Contact us for more information.
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