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electrical part of a loudspeaker

magnetic circuit
(permanent magnet, pole pieces)

voice-coil
(properties influenced by the magnetic circuit)
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mechanical part of a loudspeaker

membrane

surround

spider
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force factor

force factor Bl = coupling between
the electrical and the mechanical part

Y !/5

current force
v )
voltage velocity
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linear model of a loudspeaker (Thiele-Small model)

R. L. Mpa  Rpa Kma

Bl
Electrical part: Mechanical part:
R, ... Electrical Resistance Mpa ... Moving mass
L. ... Electrical Inductance Rya - Mechanical Resistance

Kpa ... Mechanical Stiffness



Loudspeaker parameters estimation - classical approach

measurement data
(voltage, current, velocity)

B/ﬂ R67 Le7 Km37 Rma; Mma




other linear models of loudspeaker

Vo

Z, Zima
Bl
Ze ... Electrical Impedance Zma --- Mechanical Impedance



electrical impedance

JwLe
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—r R, 3 a) Thiele (1975)
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R JwLl|(Kvw + jK/w)
b) Vanderkooy (1988)

R. KowXr 4 jKw
) Wright (1989)
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mechanical impedance

My, Ry Oms
}—O

Cs(w) = Ce - (jw)™

My Rons Crms
o—r——3—|}—
Crns(w) = C) - (1 - )\lug(‘j;u))

Ry
M R, K

M, R, n, B Co

a) Knudsen, Jensen (1993)
EXP model

b) Knudsen, Jensen (1993)

LOG model

¢) Dobrucki (1994)

d) Agerkvist, Thorborg (2008)

e) Novak (2016)
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Measurement setup

amplifier

I

excitation

current € mmm————
probe

current

{ voltage

i vibrometer

velocity Jl,

sound card 4+ computer
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Use any large band signal such as %or 2 t3 fra
Frequency [Hz]
swept-sine, multi-tone, MLS, ...
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Bl estimation
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Bl estimation N .
= o)
U(w) = Ze(w) - I(w) + Bl - V(w) s
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Bl estimation N .
= o)
U(w) = Ze(w) - I(w) + Bl - V(w) 5

U(w
Zelw) =Ty B )
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s W
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impedance

Bl estimation

U(w

I(w)

~—

I(w)
z
E
£
£
>
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102 1
Frequency [Hz]
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Bl estimation
for Bl = 0:0.5:7

Ze = Zin - B1xV./I;
semilogx(freq, real(Ze));

pause;

20 Bl=0Tm

10’ 102 10° 10*
Frequency [Hz]

(=]
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Bl estimation
for Bl = 4.4:0.05:5.4

Ze = Zin - B1xV./I;
semilogx(freq, real(Ze));

pause;

7 Bl=4.4Tm

10 102 10°
Frequency [Hz]

S
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Bl estimation
for Bl = 4.4:0.05:5.4

Ze = Zin - B1xV./I;
semilogx(freq, imag(Ze));

pause;

2 Bl=4.4Tm

0

imag(Ze) [Q]

-1

-2
10 102 10°
Frequency [Hz]

S
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Electrical Impedance Z,




Electrical Impedance

Iz,

0 . . R . NIRRT
10 102 10° 10t
Frequency [Hz]



Apparent Resistance

Ze = Re + jwle

R{Z} = Re

apparent F{e ]

0 . .
0 5 10 15 20
Frequency [kHz]




Apparent Inductance

Ze = Re + jwle
o~
3{Ze}
—— =1L,
w
1 T T
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Mechanical Impedance Z,,
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Mechanical Impedance

/ Km
Zoms = BILE) oM+ Ry + K2
V(w) Jjw

Ll
10 102 103
Frequency [Hz]

shows clearly the frequency limit of piston motion
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Mechanical Admittance

[mN"s7)

Iy,
mal

10! 10? 10°
Frequency [Hz]



Apparent Mechanical Losses

l(w .
Zma = BI () = jwMma 4+ Rima + —2
V(w) Jjw
§R{Zma} - Rma
_ 4
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[1] A. Novak (2016), "Modeling Viscoelastic Properties of Loudspeaker Suspensions Using Fractional Derivatives”,
J. Audio Eng. Soc. Vol. 64(1), pp. 35-44.



M,,, and K,,, estimation

w . Km
Zma = Blw) :JWMma + Rma + 2

=

OZma = Mma_ﬂ
I Zmat =w .



M,,, and K,,, estimation

Kma

S{Zma}t = wMpa —

Kima = W? Mpma — wS{Zma}



M,,, and K,,, estimation

Kma

S{Zma}t = wMpa —

Kma = W2 w%{zma}
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M,,, and K,,, estimation

o INMm ]

apparent K

W = 2%pixf;

for Mma = 0:20
Kma = w. 2+Mma/1000 - w.*imag(Zma);
semilogx(freq, real(Kma/1000));
pause;

end
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M,,, and K,,, estimation

W = 2%pixf;

for Mma = 15:0.2:16.6
Kma = w. 2+Mma/1000 - w.*imag(Zma);
semilogx(freq, real(Kma/1000));

pause;
end
K _ ., 2 —wsi{z 4
ma — W WS 1< ma
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Conclusion

loudspeaker measurement a pedagogical way
» no headless parameter fitting
» Bl estimated independently of other parameters
P electrical and mechanical impedance separation
> frequency dependent parameters

» models can be fitted (if needed) on separate quantities
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thank you for attention ...

https://ant-novak.com/

[1] A. Novak (2016), "Modeling Viscoelastic Properties of Loudspeaker Suspensions Using Fractional Derivatives”,
J. Audio Eng. Soc. Vol. 64(1), pp. 35-44.
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