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Sound Radiation Analysis of Flat Speaker with Enclosure via a

Mechanical Approach

Student :Li-Wu Chiou Advisor : Dr. Tai-Yan Kam

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

This thesis investigates how to simulate the sound radiation of flat speaker
with enclosure via a mechanical approach. In the past, the electrical circuit
method has been widely used to analyze the sound radiation of a speaker system
with enclosure. The shortcoming of this approach is that there's no direct
relationship between the method and actual physical meaning of the speaker
system. To remedy this shortcoming, a mechanical vibration model is
constructed to simulate the vibration behavior of the speaker system and the
Rayleigh’s first integral is used to analyze the sound radiation of the speaker
system. The theoretical analysis and experimental study will focus on the sound
radiation of direct-radiation type of loudspeaker systems. The speaker system is
modeled as a two-degree-of-freedom system which is used to study the low
frequency sound radiation of the speaker system. In the range of mid to high
frequency, the speaker system is modeled as a baffled speaker and the
Rayleigh’s first integral is used to calculate the sound pressure generated by the
speaker. The proposed method is then used to study effects of the volume of the
enclosure, tube length and tube diameter on the sound radiation behavior of the
speaker system. Finally, a criterion is established for the design of

direct-radiation loudspeaker systems.
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1
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FF 5 %3t 3 B-damping - * F5 ¥ Bandwidth method %3+ B & jciRiE
F2 WML o H Y Peak B R - LR F AR IR 2 f 5

peak
¥R e T o B2 QBT o RIE R RAFF 2L G
V2
— fz 1 fl
T (4-4)

£ {1* Rayleigh damping #-#75 FURF Bzt 5 iF 2l ek SepL Rt o )
* TN R F % Sueh a-damping fe B-damping :

14 . yo1a] (4-5)

BRI T UESPEANT IR - BEE A A EEFAESF AR UE
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dx—g{;) p=0 (3.7)
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R e s E A R

p(x,t) = Ag'™ + Be'"0 (3.9)
He A Bi & wifli 9 a8ha 2 > 3-D s 450 Atk
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82p+i(92p+ 1 82p+g@+ 1 op_ 10
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10° 110
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;ﬁ_}b‘(3 12)}\4 F’J’J’—] \ y I );f IFLT}' E”i”zlj;\] ‘ff"’a—l"’ % Hr— “a./ﬁ»ﬁ:’ = ﬁi
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1 1
p(r,t)=—f (r—ct) +—1f,(r +ct) (3.13)
I r
m - B ERERE ¢ 2 b B (outgoing wave)
p(r,t)= lf1 (r—ct) (3.14)
r

43 [ 243k % /& (harmonic spherical wave)® =

A .
p(r, t) — el(mtfkr)
T

(3.15)

o ff 5 Os i [ PRt @ 3 o BEARIRE R r h R
Rayliegh’s first integral 3+ & 41 &k » A 38407
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- R a5 0 BR

—ikr
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T.
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-41

Hoo JRtg A(X,y,) 48 £ 0, ~ BE3 T ch %7 d ANSYS &7 4
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