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Chapter V-2 - Loudspeakers

H. Lissek

Fall 2024

Exercise 1. Measurement of loudspeaker small-signal parameters
(Thiele-Small)

a. Loudspeaker on a screen
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— Equivalent acoustic scheme :
We introduce the acoustic equivalent R,. of the dc electric resistance R,
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R, = (B0) , and the acoustic equivalent (Rgs,Mys,Cos) of the mechanical
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Equivalent electric scheme :

We also introduce the electrical equivalent (Rg,Cs,Ls) of the mechanical components
(RmSaMm57Cms) :
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— If we introduce the equivalent electric impedance R; =
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— R, =5.602

(Be)?

ms

— Ehp(fs) =R, +R,=R.+ . We miss one other equation to retried B¢ and R,,;.

R
— We chose to find the roots of the following equation | Zp,(f12)| = r1Re = HR‘Z
e
which yields :
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Znp(fr)? = B2 (14 ) then
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It yields :
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then :
and finally, after simplifications : fi fo = f2

=1 f

- fs = \/flfg = 40.4 Hz.

— We can notice that (fZ_fl)Q = (f2>2+ (h)2 —2f1f2 = (f2>2+ (fz)2 -2
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with ro =1+ E
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Then %w (f2 fl) = rp and finally Qs = 7]05 Vo
fs f2 _fl
R _ Qms
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— 79=65/5.6=11.6 — Qms = 4.12, Qs = 0.38 and Qs = 0.35

b. Loudspeaker with an additional mass

The measurement gives the two new frequencies f| = 22 Hz and f} = 40.7 Hz.

— f =\ Jff ~ 29.9 Hz
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With the added mass, the resonance frequency becomes : f =
1

27T\/Cms(Mms + Madd)
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— We remind that without the mass, fs =
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M
— Thanks to the last relationship, we deduce M;,s = —; add 11g
I
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R, = (BE) — Bl = /RysRs = 6.9T.m, where R; = 65 — 5.6 = 59.4()

Rms
c. Loudspeaker with a closed-box cabinet We now remove the masse M,4q and close the rear
face of the loudspeaker with a sealed cabinet of volume V}, = 20 L. We do once again the
same measurement, which gives :

C Vi
We introduce the compliance factor & = —=, where Cl, = —I;
Cab pc
CupC,
— The new acoustic compliance of the closed-box loudspeaker is C,. = M, where
Cab + Cas

Cus = CmSSC% and then
1 1

fc = ~
270/ My Ce 27/ MysCle
cabinet M, is the same as the screen-mounted radiation acoustic mass M,,..

C
We can also notice that Cg,e = % then f. =1+ afs

if we consider the radiation acoustic mass in the

14+a’
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Then, sice QGS = m and Oac = 1_'_7&80[, we deduce Qec =V 1+ O[Qes

— After the 2 preceding expressions, we deduce Qe fe = (14+@)Qcsfs, then o = gecj} -1
esJs

If we repeat the same procedure as in the 2 preceding questions, we first observe the
values fi. and fo. of f for which Zp, = \/ToR. : fi. = 46.74Hz and fo, = 76.89H 2
yields

fe =59.95H z and Q.c = 0.639 (once again here, ro = 65/5.6 = 11.6).

Then o = 1.4413, then Vs = oV}, = 28.8L
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— We can also deduce Sy : Cps =




