SIRASTE 2355 1998 FAHSI=U3|=F & pp. 568~574.

of

a4 Aol o8 20A 47

S
=]

= 0 =
I R I I A

Designing a Loudspeaker by Acoustic Analysis and Taguchi Method

Jun Tai Kim, Jung Ho Kim, Jin Oh Kim

ABSTRACT

A systematic procedure for designing a direct-radiator-type loudspeaker has been
developed, based on a numerical vibro-acoustic analysis and the Taguchi method. The
finite-element model of the speaker cone has been used to calculate the vibration
response of the cone excited by the voice coil. The vibration response of the speaker
cone has been used as a boundary condition for the acoustic analysis, and the acoustic
frequency characteristics of the loudspeaker have been calculated by the boundary
element method. The numerical model has been confirmed by comparing the
numerical results with experimental ones obtained in an anechoic chamber. Some
design parameters contributing dominantly to the acoustic characteristics have been
selected by using the Taguchi method, and the variations of the acoustic characteristics
due to the changes of the parameter values have been examined using the numerical
model.
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Fig. 1 Finite-element model of the loudspeaker
cone.
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Fig. 2 Boundary-element model of the

loudspeaker cone.

Table 1. Elastic properties of the parts of the
loudspeaker cone.

Mass density l:(;n:l; Poisson's Danping

(kg/m®) (CPa) ratio coefficient
Cone paper 473 2.2 0.3 0.6
Dust cap 473 2.75 0.3 0.6
Bobbin 2700 71 0.33 -
Edge 382 0.0835 0.3 -
Spider 2700 0.714 0.3 -
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Fig.3 The acoustic frequency characteristics of
the loudspeaker, i.e., the frequency-dependent
sound pressure level at 1m apart from the front
face of the loudspeaker: (a) calculated (b)
measured.
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Table 2 Selection of design parameters and
their values.

Parameter | Unit | Level 1 Level 2 Level 3
A mm 15 26 40
B mm o4 100 146
C mm 13.2 240 36.0
D mm 60 120 190
E mm 3.1 5.0 7.12
F mm 3.1 5.0 7.12
G mm 0.20 0.40 1.00
H mm 0.20 0.50 0.90
I GPa 1.579 2.257 2.934
J GPa 0.0234 0.0335 0.0436
K - 0.035 0.050 0.065

Table 3  Orthogonal array table of L,7(3") type

and target values for each set of parameter level.

Design parameter level SPL (dB)Y

Target
set
) Error value
No I A BICIDE[FldH 1] KTT/[ average | std. dev. y
v gy 1y s | 3446 0.200

2 2| 2{ 2] 9290 3.429 0.292

2
3 1] 11| 1) 3) 33 3] 31 3] 3} 3 3] 9364 4.735 0.211
2

2l 3f 3] 31 103.9 4.128 0.242

S5 in2p22f2)2f2 333 1f1}1] 1010 8.070 0.124

6 [ 192 2] 2] 3] 334 1] 1] 1] 2|2)2] 97.20 5.558 0.180

TyU 33311313312 2]2] 1010 12.15 0.082

31 212|211 1] 1] 3] 3; 3] 103.1 5.612 0.178

3
O L1 3|33 3|3 3p2l2]21}1]1] 9951 5.162 0.104
2

10 | 211 3|1 21 3 1) 2 3f 1] 2 3| 8307 5.331 0.188
11 | 2] 1} 2] 3y 2| 3| 1} 2] 3] 1} 2| 3] 1] 9256 7.310 0.137
12 [2) Y203 3] 12 3[1]2 3[1]2] 9278 4.548 0.220
13 12} 20311112131 2] 3 1] 3} 1] 2| 9408 5.025 0.199
14 [2]2 3|1 3|13 121231 102.2 5.624 0178
15 (2] 2130 143] 12 1723 2[3/1] 96.80 4.598 0.218
16 p20 3| 142111213312 2]3{1] 101.0 7.808 0.128
17§23 3) 1) 21 2 31 1| 1] 2f 31 3] 1] 2| 1028 6.552 0.153
18 [ 2] 3 1]2f3] 12 23]11]23] 1665 5.802 0172
19 | 3|1 3| 2{ 11 3] 20132 1|3f2f 8682 5674 0.176
20 1311 3f 20201132 1] 3 2] 1] 3] 8.45 5.739 0.174
21 13l 3)2[3) 2] 13]2013]2 1] 9031 6.271 0.159
22 131201 3] 131 2f2f1}733]2]1] 9849 6.391 0.156
23 3121|3121 1] 331 2[ 1] 11 3[ 2| 9609 6.366 0.157
24 | 3| 2] 1) 3] 3[ 2| 1} 1 3] 4 11 3| 9810 5.559 0.130

2
25 133 3b 20 1] 1 3] 2] 3] 2 ¥ 2] 1} 3] 1041 6.718 0.149

26 |33 2) 1) 21 1} 3] 11 3] 2] 3] 2] 1] 96.80 5.084 0.197

27 131312 13| 2] 2h 1l yy1p32 o026 4.673 0.214
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Fig.4 The acoustic frequency characteristics
calculated for the twenty-seven models of Table 3.
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Table 4  Statistical analysis for the acoustic frequency characteristics in Fig.4 and Table 3.

Function of y
Lem ) 4 B c D E 2 G i 1 J K L M Y
vel
11793 | 1847 [ 1740 [ 1947 [ 1611 {1753 | 1635 | 1750 | 1719 | 1622 | 1693 | 1082 | 1.603
£ 2 {1592 | 1634 | 1650 [ 1509 | 1589 | Loo2 | 1685 | 1.780 | 1751 | 1806 | 1559 | 1.604 | 1073 | 4.948
3 11563 | 1467 | 1559 | 1492 [ 1748 | 1534 | Le28 | 1.400 | 1478 | 1.520 | 1716 | 1661 | 1672
2 1 J0199 {0205 | 0193 [o216 [ 0179 0195 | 0182 | 0.195 [0.191 [0.180 [ 0.188 | 0187 | 0.178
é 2 | 0177 [ 0182 | 0183 | 0.168 | 0177 | 0185 | 0187 | 0198 [ 0.195 | 0.201 {0171 [ 0178 | 0.186 | 0.183
" [5 [oa7a [ 01063 | 0175 | 0106 | 0091 | 0470 0181 [0.057 [0.161 | 0060 [ 0101 | 0185 | 0180
| 1 {87% | 120 | 55 [0 | 23| 63 [-08]| 6o | a2 [ -17 | 25 | 2o | 28
;Z 2 | =35 [ -09 | oo [ -85|-37] o8 | 2280 ] 61| 95 |-67|-27] 14
505 | 552 |-t 55 | 95 | 60 | 70| 13 | <146] —104] <78 | 10 | 07 | 1
squarcd -
sum - {808 | - |urs| - - - | oes | 403 | 468 | - 126.6
(x10")
vixi09 | - 04 | - | mo ] - - ~ fasa {za7 | 234 | - Ve=7.01
1t - 5.11 - 9.34 - - - 6.12 3.12 2.96 - 1.00
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