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Nonlinear Analysis of Flexible Supports for Flat Loudspeakers

Student :Pin-Ta Tsai Advisor : Dr. Tai-Yan Kam

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

Due to the physical and-electrical characteristics of flexible supports and
voice coil, the Sound Pressure Level (SPL) may behave nonlinearly with the
increase of voltage rather than varying linearly. In general, owing to geometric
nonlinearity, the rigidity of a"flexible support may experience hardening or
softening when subjecting large deformation. In this thesis, we discuss several
designs of flexible supports including elastic damper (2D or 3D) and suspension.
The purpose is to enlarge the range for linear deformation while at the same time
maintain the symmetry for positive and negative directions of deformation when
designing the elastic dampers and suspension. The goal can be achieved by
adjusting the shape and dimension of the flexible supports. First, we find the
load-displacement curve of a flexible support via the static experiment, and then
we use ANSYSS to construct a finite element model of the speaker. Based on the
nonlinear deformation and linear harmonic exciting analyses, the SPL curve is
obtained and used to verify the results of static and SPL tests so that we can

identify the material properties of the supports and find out the linear



displacement ranges of the supports. Finally, we use two optimal support
combinations including 2-D or 3-D elastic supports and suspension to study the
SPL curves of the speaker theoretically and experimentally. The results show
that the choices of the optimal flexible supports can produce larger linear range

for the SPL curves.
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9~ 2
ZX—E’{% 5=0 (3.5)
s k=w/c, % 4 #(wave number) » 7 $18

P(x)=Ae ™ + Be™ (3.6)
B RS nd T2

p(x,t) = Ae'™ ™ 4+ Be'+ (3.7)
He A> Bi ARAfdc 3 aBma 2 3DH > £ aka B

(spherical coordinate)

Cp 10, 1 S 2k, 1 @ 10y
o 1 00 r'sin"0dp" ror rtanBoO c ot

Fle BERE - B 2EHEDER TUAPT AR U TE S

Bz €1 % o ) ST T baE SR AR B HIE 5 97 (3.8)58 7 1

o
p 20p 10
o +?E:C—28‘[2 (3.9)
HY r 5 BLEREEE P BE R
ATy A
16 11 62
raﬁ(q»_rczazﬁp)
%
0’(rp) _ 1 0°(1p)
arz :C_Z 8t2 (3_10)

BLE(G10) e 58 ¥ B IR T N fem g - RS BN T -
e Al H iR S
p=1{,(r —ct) + £, (r +ct)

B 1)
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p(r,t):lfl(r—ct)+lf2(r+ct) (3.11)
r r
M- BEEER Y € 0k @) (outgoing wave) >

p(r,t):lfl(r—ct) (3.12)
r

¥ 3 24 2k %k (harmonic spherical wave)® %

p(r,0 = 2 et
r (3.13)

5 4% 5 Os i [ RE @ 3 o BEAEAR B I T PR T 4 Rayliegh’s first
integral 3+ & 4k > F 4 A58 4o

p(r, t) = (2Pr1a08 cop,mu Ss)e[i(mt—kr)] (3.14)

%—ﬁ%@%ﬁé’%@

—ikr
p(r, t)— ““j LACTIEIENT (3.15)
. r

* A1) = A

Alu,(r,t) =i0Ae ™ =inA(r,t)

B 1)
p(r,t) = — > P wﬁjA (D™ i (3.16)
21 T
2
P Per S A (1, 1) e o 22 (3.17)
27 i I'i
p(r,t) = pw YA 1) x cos(ot —kr )22 (3.18)

T B ARt B kiR oo, £ 0 B O kiR Bk o
AR I RS BRI EE Y B A BRERL R
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_ 2
P (frequency) = %Z(A(xi,yi) % cos(0, —kr ) (3.19)
T i

Bdopr,t) 5 BRIBLRE FIEY 1 AR P, s 2 F RA
u(rt) s dRFF 4 e ~E2 B R L) AX,LY,)EEFFE LG ~F 2 IRIG

)

Aol R ERELERES 0 A FEFERF R T L BREEIR
45 4 5 ok AS2 BE4E > 4o 39 #6 o k 3 A H(Y)) 0 j=NT -
H¥ ORI AKX,y ) AR &0 ~EEA T i kT d ANSYS it {7 A
SRS S Nl **mﬁ oo (BIN PBES AP 0 AS 7
FAB SR G A PR SBEAE > AFHE ST E- BT
R B A o BT chE - BEBIRIGI B F - BE B2 E
B~ (3.19)58 ¢ > I * Fortran 35 3 E B AN EERE AR 4> TF
DE e R (B e
AFiEt K ERIER ¥ B AL b (decibel) #5LE_(dB)
vz A B - B A& (log scale) v Fr¥tdEcc R AR R FI S g
e e F2EF 2« > A g Bang e v PRI R -
¥/ 1= 1 (Sound Pressure Level)

SPL = 2010g(‘ .

ref

P & RRIEBEHRE2 392 3E 5

)(dB) (4.17)

1/2
1 (12
P = [; L/z\p(r, o)’ dt} (4.18)
R %Y EP . =2x10"pa

___jif‘

ALY LEES MER S TE ST S L TERER
(dB) » # b & jcdRE 5 o
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