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ABSTRACT

It has been resulted that Lagrange multiplier method with statistical approach was
superior to traditional harmonic balance method in identifying the nonlinear loudspeaker
parameters when output signals were contaminated with Gaussian random noise. We have
known that the displacement-dependent characteristic values of nonlinear parameters
identified by traditional harmonic balance method were estimated less than original values
by the increase of output noise and the stiffness coefficients were very sensitive to output
noise. Also, by the sensitivity analysis we have verified that the harmonic distortions in
acoustic radiation was mainly due to nonlinearity of force factor caused by uneven
magnetic fields and that reducing the nonlinearity of damping coefficients were very
effective for improving second harmonic distortion of acoustic radiation.
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Table 1 Validity check for harmonic balance method for nonlinear loudspeaker parameters
identification
Given | Identified |"g Given | Identified |5
L H 01000E-2 | 0.1000E-2 | 00 | ¢, N/m | 0.4000E+4 | 0.4000E+4 | 0.0
R, 2 0.5000E+1 | 0.5000E+1 | 00 | ¢, N/m? | -0.5000E+5 | -0.5000E+5 0.0
m, kg 0.5000E-1 0.5000E-1 | 0.0 || ¢, N/m® | 05000E+8 0.5000E+8 | 0.0
by, N-s/m 0.1000E+2 | 0.1000E+2 | 0.0 dy, N/JA | 0.1000E+2 0.1000E+2 | 0.0
b, N-s/m? |-05000E+3 |-05000E+3 | 00 [l 4,, N/A?|-0.3000E+3 | -0.3000E+3 | 0.0
by, N-s/m® |-03000E+6 |-0.3000E+6 | 0.0 | d, N/A® | -0.5000E+6 | -0.5000E+6 | 0.0
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Table 2 Comparison of nonlinear parameters with
harmonic balance method and Lagrange
multiplier method(1% noise)

Harmonic balance Lagrange
method multiplier method
Identified I‘ff,/roo)‘ Identified 1?;0;
L H 09949E-3 | 05 | 0.9989E-3 | 0.1
R 2 0.5001E+1 | 0.0 | 0.5000E+1 | 0.0
m, kg 0.4998E-1 | 0.0 | 05002E-1 |0.1
bo. N-shm | 6 1000E+2 | 00 | 09999E+1 |00
b Nesim* | o 4066843 | 07 | -0.4997E+3 |01
by N-s/m’ | 3003546 | 01 | -02999E+6 |00
¢ Nfm 03991E+4 | 0.2 | 0.4005E+4 |01
i, NIm* | _04910E+5 | 18 | -05009E+5 | 0.2
¢ NIm® | 05210E+8 | 42 | 04952E+8 | 1.0
dy, NIA 0.9994E+1 | 0.1 | 0.1000E+2 | 0.0
dy, NJA* | .02963E+3 | 12 |-02995E+3 |02
dy, NJA* | -04965E+6 | 0.7 | -0.4998E+6 | 0.0
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—_—
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[=]

0 0.02 0.04 0.06 0.08 0.1

Time, sec

(a)

Current, A

0.04 0.06
Time, sec

) 0.02

(b)

Fig. 1 Time history of (a)Diaphragm displacement,
(b)Current f=30 Hz, f, =1024 Hz, 5% noise.

solid: simulated: dotted : given.
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Table 3 Comparison of nonlinear parameters with
harmonic balance method and Lagrange
multiplier method(5% noise)

Harmonic balance Lagrange
method multiplier method
Identified I?f,;‘;r Identified I?f,/j’)r
L H 09341E-3 | 66 | 0.9909E-3 | 0.9
R @ 05019E+1 | 0.4 | 0.5005E+1 | 0.1
m, kg 0.4926E-1 | 15 | 05014E-1 | 0.3
bo. Noslm | 9004p+1 | 08 | 0.9987E+1 | 0.1
bi, N-sim® | o 4g58p+3 | 2.8 | -0.4985E+3 | 03
by, N-sim’ | 03051E+6 | 1.7 | -02966E+6 | 1.1
co, Nim 03879E+4 | 3.0 | 0.4029E+4 | 0.7
.. Nim* | 04567E+5 | 8.7 |-05035E+5 | 07
o N/m* | 06479E+8 296 | 0.4686E+8 | 63
dy. NIA 09883E+1 | 12 | 0.9995E+1 | 0.1
dy, NJA* | -02807E+3 | 64 | -0.2978E+3 | 0.7
dp, NIA* |-04763E+6 | 4.7 | -0.4985E+6 | 0.3
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Fig. 2 Comparison of dynamic characteristics of

nonlinear parameters identified by traditional
harmonic balance method. solid given: o 1 %:
x 5% noise. (a)Damping b(x). (b)Stiffness
c(x). (¢c)Force factor d(x).
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Comparison of dynamic characteristics of
nonlinear parameters identified by proposed
Lagrange multiplier method. solid given:
o0l1%

i X 5% noise. (a)Damping b(x).
(b)Stiffness c(x). (c)Force factor d(x).
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Fig. 4 Comparison of simulated response for 10 volt
input. 5% noise included. Identified by
traditional harmonic balance method. Given
'solid dc: dotted fundamental:dashdot
second harmonic; dashed third harmonic.
Identified : o dc: x fundamental: + second
harmonic: * third harmonic. (a)Displacement,
m. (b)Current, A.
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Fig. 5 Comparison of simulated response for 10 volt
input. 5% noise included. Identified by
Lagrange multiplier method. Given :solid
dc: dotted fundamental:dashdot second har-
monic: dashed third harmonic. Identified
o dc: x fundamental: + second harmonic:
* third harmonic. (a)Displacement, m.
(b)Current, A.
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Fig. 6 Comparison of contribution of displacement
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o dc: x fundamental: + second harmonic:
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ALD=0. ALD=L. AQ1,3)=-A(12=0. AQD=+PL AQ@2=%1I
A@,3)==A@2.9=0. AQ210=1%PX, AQ1)=] PXX\+X]Xs+X:X)
A(2,12)=%P(4X§X1+X§XI+4X0XIX2+2X1X2X§+X'{2X3+4X0X§X3+X§X§+2X1X3X§)
ABD=PL AB.D=%L A@3,39)=-=A39=0 AB.10=PX,
AG 1 =1 AxE+ X X+ 2X1X)
A(3,12) =% P(ZXOX% FAXEX,+2X, XX, + X3X5 +4X 0 X1 X3 +2X, X5 X3+ 2 X, X:X3)
AWD=3PL A4D=TL AW3==A49)=0. A(4,10) =3 PX;
AW, 1D =+ P3X, X, +6X0X) )
A(4,12)= % POX3+ 12X X, X + 3 X1 X5+ 12X3 X3 + 6 X, X1 X5 +6X, X0 X5+ 3X35X3)
AG D ==AG.H)=0. AGN=X A(5,8=Xi+5(X\Xi+XX;+ X, X3)
AG.9) = X3+ 3 Xo( X\ X1+ X X3+ X X3) + 3 (XXX XX X3) + L xi2x,+ x3x3)
A(5,10) =—1,
AG D =—IX, —L(NX+ LX+ X+ B X3+ L X+ LX)
A(5,12) =~ LX3 = L (XX, + L X X0+ BXXT+ BXoXo+ BXoXi+ HXoX5 = L+ nx?
+ XXy BXo X5+ L XoX3) — (BX X+ XX+ L X\ X
+LXX+ BX X+ L XX+ LX X3+ 1 X, X3)
AG.D=AG.2)=0. A6.3)=—50X, A® =% PX, A(6,5) =% PX X, + X X, + X3.X5)

898 /322 SNEBEEX|/A 8 A A 5 F, 19989



29 232 DS FPPAY FFE2AAY 04y ohhEF 71

A(6,7)=%X,. A(6,8)=%(2X0X1+XIX2+X§X3)
A(6,9) =%‘(12X§X1+3X%X{+12X0XIX2+6X1X2X§ +3X72 X5+ 12X X5 X3+ 3X5X5 +6X, X5 X3)
AB10) =+, A(6,11)=—7i—(211X0+210X1+12XI+I{X2+I3X§+I§X3)

AG6,12) = — [ XX, — 5 (RXE+ LX{*+ 5X) — 4 (WX X+ BXiXo+ B X\ X;
+ L X, X5+ LX X5+ L X X3+ LX X3+ LX, X5+ 1 X,X3)
— (L X3+ LXoX T+ [ XX+ L XXy + B XoXs + XX+ [ X3 Xo)
AT D=A1D=0. A1.D=-2QX, ATH=PX, A(1,5 =4 PX+4XX,+2XX;)
A(1,6) =%P(2X0X%+4X§X2+2X1XIXZ+X§X§+4X0X§X3+2X1X§X3+2X2X3X§)
AL D=5 X, A(7,8)=%EX%+4X0X2+2XIX3)
A(1,9) = % (6 X X3+ 12X2X,+6X, X1 X, +3X3X; +12XeX1X3+6X, X5X3+6X,X3X5)
A1) =~F L, A1) =5 LY+ hX +LX +2h X+ [ Xy)
A(1,12) == LXoXy — § BXG— T (LX3+ L XoX) + BLXoXi + [ XX+ [ X1 Xy)

— 4 (WX + BX X+ L X0 X+ LXK+ BX0 X5+ BXoX;

+F X, X+ BXoXo+ LX Xs+ LXo X5+ LXoX3)
ABD=ABD=0. AB.3)=—3QX, A®.£)=3PX, A(8,5 =1 P(3X,X,+6XXs)
A(8,6)= % PG+ 12X,X,X, + 33X X3+ 12 X3X: + 6 X, X1 X3+ 6 X, X5 X3+ 3 X5X3)
AB D=5 X5 A8,8)=% (X, X +2X,Xy)
A(8,9)=%-(Xi*+12X0X1X2+3XIX§+12X§X3+6X1XIX3+6X2X;X3+3X§X§)
ABI)=—F1L AB1ID=—FChX,+LX,+hX,+21Xs)
A8,12) = —onoxa—%(hxﬁﬂzxoxl + [, XX+ [, X, X3) —-%—(IIX%+IIX§+I§X§)

- % (LX X+ XX+ XX+ X X+ LX X+ BXo Xy + LX3 X5+ LX,X3)
B() = Eg+ 5 B X+ EA(Xi X3 + X Xi + X3 X3)
B(2)=1E. BR)=1E, BW#)=%E; B(5)=B6)=B7=B®)=0

: 2
P=jw;. Q= wj
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