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Experimental Researches on the Nonlinear Parameter Identifications and
Higher Frequency Response Characteristics of Direct-Radiating Loudspeaker
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ABSTRACT

To analyze the nonlinear acoustic characteristics of a loudspeaker, we examinined the nonlinear behaviors of its diaphragm
analytically and experimentally. We, first, modeled the loudspeaker as a lumped system and identified the nonlinear para-
meters by the harmonic balance method and the Lagrange multiplier method, respectively. The former is applicable to the
systems without output noises and the latter with and without output noiscs. Below 70 Hz, Lagrange multiplier method
showed better results in the distortion characteristics of the sccond harmonic component. Harmonic balance method, however,
agreed well with experimental results in the third harmonic characteristics. In both voltage-driven and current-driven ex-
periments, the generalized frequency response functions(GFRF) were derived, and harmonic distortion and intermodulation
phenomena were studied. 1t was also verified that GFRF could be a good tool in analyzing the nonlinear characteristics of
a diaphragm according to the variations of nonlinear physical parameters of a loudspeaker.
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Table 4. Estimation of loudspcaker lincar parameters for model

SR-08B100.
Symbol, Unit [Sample 1] Sample 2
1. DC Resistance Re, ohm 69 66
2. Resonance Frequency Fo , Hz 62.19 49.29
3. Towal Q Factor s Q.37 0.28
4. Electrical Q@ Faclot Qes 0.39 0.30
5. Mechanical Q Factor Qms 188 | s4
b. gg“mj;:‘::c‘c”‘“'"s““ Vas, Liters 357 | 5581
7. Pision Acea s, m 0027 | o027

B. Rcference Efficiency | Ref Eff, Percent | 2.12 2.18
9. Moving Mass of

Diaphsagn only Mmd, 2 165 | 1682
10. Moving Mass of

Diaphragm, Air load Mms, g 19.04 1
11. Mass of Air load

on Disphragm Ma, g 254 | 257
12. Compliance(* 10c-4) Cms , m/N 3.439 5377
13. BL Product BL)N/A t1.47 (149
{4, Rmms N*scefm 0.626 1.112

E 6 29 SROBBIOO] che ah§-mrmA Ag W oy
AR 53
Table 5. Estimation of londspeaker lincar and nonlinear para-
meters for model SR-08B100.

Lineat mcthod Nonlinear method
Resonant frequency | Harmonic Lagrange
method balance | multiplier method
L H 0.1483E-2 0.2891E-2
R Q 66 | 0.7494E+1 0.7451E+1
m, Ry 0.1939E-1 | 0.2044E-1 0.1809E-1
bo. N 5”"2 0.1112E+1 | 08216E+0 0.1052E+1
br. N sim 0 | 0.i895E+2 | 0843742
by N sim’ 0 | 04200E+5 | 0933345
<. Nim 0.1860E+4 | 0.1308E+4 0.8996E+3
e N 0 | 0.134E+6 |  -0.1418E+6
¢z, Nfm® 0 | 02810E+8 0.4137E+8
dyn, NfA 0.1149E+2 | 0.1164E<2 0.1t78E+2
dy, NJA 0 | 08355E+3 0.8§39E+3
dy, NJAY 0 | -0.2308E+6 0.2844E+6

4% AERE 294 GfeagAE AEsIT. 7k
Fo45e A ofAes 5Py 43 FAFEeIH49Hz B
) ZYEEE 3qHzo)A 96Hz7H=] )9l 10712 2%
% M AU AFREa vAE Mo} o}
Ehls i 8 Vems® 7}AEGH. 8Ad AERH7ISA
390)efl Al Q@ A7 I w2l PEB&K 2706) 2 T
ZAAN epgrmzalAo) dFsdch W9 23S 18
o o)A e Al(Keyence LC-2400A, *8mm 3715
% argdtgen AFe Ad 248 5 gleng, 2:d
7he) Askato) it AMRE AMEMI ohm)2 8 o] At
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Fig. 1 Test setup.
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Fig. 2 Dynamic characteristic of monlincar parameters by Lagr-
ange multiplier method ; (a) Damping, b(x) (b) Stiffness,
c(x) (c} Force factor, d(x).
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Fig. 3 Comparison of harmonic distortion with test resuli and

Displacament, m

identified by harmonic balance method. Test : solid
dc; dotted fundamental; dashdot second harmonic; da-
shed third harmonic. Identified: o dc; x fundamental ;
+ second harmonic; * third harmonic (a)Displacement,

m {b)Currem, A.
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Fig. 4 Comparison of harmonic distortion with test result and ident-

Magritude of H1i

Phase of H1. Degree

ificd by Lagrange multiplicr method. Test:solid dc; dotted
fundamental ; dashdot secorxd harmonic ; dashed third har-
monic. ldentificd: o dc; x fundamental; + sccond har-
monic; * third harmonic (a)Displecement, m (b)Currert, A.
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Fig. 5 Comparison of linear frequency response function, Dis-

placement/Voltage. solid nonlinear method; dotted lincar
method (a) Magnitude of H(f) (b} Phase of H¢E).
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Magnituds of H1
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Fig. 6 Magnitude of linear frequency response function, Disp-
lacement/Current. solid nonlinear method;dotted linear
method.
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Fig. 7 Second order generalized FRF, Displacement/Voliage (a)
Log. Mag of H2(f1, f2) (b} Phase of H2(f1, f2).
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Fig. 8 Third order generalized FRF, Displacement/Voltage (a}
Log. Mag.of H3(f1, f2, f1) (b) Phase of H3(I1, 2, ).
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Fig. 9 Second order generalized FRF, Displacement/Current (a)
Log. Mag.of H2 (f1, £2} (b) Phase of H2(f1, f2).
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Fig. 10 Third order gencralized FRF, Displacement/Current (a)
Log. Magof H3 (fl, 2, f1) (b) Phase of H3(f1, £2, f1).
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Fig. 11 Characteristics of harmonic distortion, solid fundame-
ntal; dotted second harmaonic ; dashdot third harmonic,

Displacement, m
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14428 33} 433 2 (F1=40H2)

Fig. 12 Characteristics of intermodulation, solid fundamental ;
dorted second intermodulation; dashdot third inter-
moduiation (f1=40Hz)
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