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Acoustic Analysis and Design of a Direct-Radiator-Type Loudspeaker

Azd-34837-832 ™
Jun Tai Kim, Jung Ho Kim and Jin Oh Kim

(1997'd 10€ 29¥9 A4 ; 19983 3¥ 59 HALeER)

A2 ). Acoustic Frequency Characteristics (SFF3F+54)

ABSTRACT

A systematic procedure for designing a direct-radiator-type loudspeaker has been
developed, based on the 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 displacement of the
speaker cone has been converted into the vibration velocity and used as a boundary
condition for the acoustic analysis. The acoustic frequency characteristics of the
loudspeaker have been calculated by the boundary element method. The numerical
results have been verified by the experiments carried out in an anechoic chamber.
Some design parameters 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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Table 1 Elastic properties of the parts of the
loudspeaker cone

D%SGEf{;gSI Mass | Young's Poisson’s| Damping
8{8;/5“9' rrt%lgal‘l)ls ratio |coefficient
Parts
Cone paper| 473 2.26 0.3 0.05
Dust cap 473 2.75 0.3 0.05
Bobbin 2700 71 0.33 -
Edge 382 [0.0335 0.3 -
Spider 2700 10.714 0.3 -
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Fig. 2 Exciting force at the bobbin as a function
of the frequency.
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Fig. 3 The boundary element model of the
loudspeaker.
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Fig. 4 The acoustic frequency characteristics
of the loudspeaker, i.e.. the frequency-
dependent sound pressure level at
Im 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 54 100 146
C mm 13.2 24.0 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
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5 The acoustic frequency characteristics
calculated for the twenty-seven models
of Table 3.
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Table 3 Orthogonal array table of L27(3'?) type and target values (Eq. 8) for each set

of parameter level.

3 Design parameter level SPL (dB)

et B Target
No.|A|B|C|D|E|F|G|H|I|J|K L”‘;\j[ Average | Std. dev. | value y
1 1 (1)1 1)1 f{1r11f{1]111(1¢1]1 90.90 3.446 0.290
2 1111112222222} 2]2 92.90 3.429 0.292
3 1[(1]1]1]13[3]313[3{3[3]3]3 93.64 4.735 0.211
4 1212211112122 [313]3 103.9 4.128 0.242
5 1{2]121212[212[3]3{3[|1{1]1 101.0 8.070 0.124
§) 1122233131111 ]212]2 97.20 5.558 0.180
7 11333111113 ]|3|3|2]2]2 101.0 12.15 0.082
8 1 (3133|2221 ]1]1[3]3]3 103.1 5.612 0.178
9 1131333133 |]2]2]|]2]1]1]1 99.51 5.162 0.194
1012111231123 ]112]13[1]2]3 88.07 5.331 0.188
111211 [2]3[2i3[1(213[1]]2]3]1 92.56 7.310 0.137
1212111231311 ]2]311]12[3]|1]2 92.78 4 548 0.220
1312121311123 ]|]213]1[3]1]2 94.08 5.025 0.199
1412121311213 ]1]1]3!1]12|1]12]3 102.2 5.624 0.178
1512121313112 ]1}12(3|2]13]1 96.80 4,598 0.218
6213121123131 ]2]1213]1 101.0 7.808 0.128
171213122131 ]112]3]|3(1]2 102.8 6.552 0.153
1821312312213 |]1]1}2]3 105.5 5.802 0.172
191311132113 ]2]113]2]1]13]2 86.82 5.674 0.176
201311 (312|213 ]|]2]1{312]|11]3 86.45 5.739 0.174
211311 (3|12 [312[1]13}2(1}13[2]1 90.31 6.271 0.159
2213121 ]13[1}{3(2]|]211]13;3[21}1 98.49 6.391 0.156
23131211132 (1}13(3|]2|1j1]|3}2 96.09 6.366 0.157
24 1312113131211 ]113|]212[11}3 98.10 5.559 0.180
2513132111113}/ 2[3|2|112]1}3 104.1 6.718 0.149
26 131321112113 |]1}13;213|2}]1 96.80 5.084 0.197
27 1313121113121 ]121113|1]3}2 102.6 4.673 0.214

Bl &stAl yYEtue, 2t 2de] 44 A% I
HQl 23 dAdo] Bolm Ytk B AFoNA ¥4
g Aw widEe 27714 EdEL Z A WEL
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F 54<% ¥asrizt s o¥o. mebd, B4
EHE 8% A HZ ¥ 283t

33 AN 24

29AE AAT dAM S5 ER
FEA FHo FAHSW, ] HAYSFEY TR
24 7o (contribution)S 3l HFH uwjd
2L e FHo] odink & dAFdMe &9
A BAe AFEH4 &4 (low cut-off frequency)
g nestd B4 Fafo HYE 80 ~ 5660
Hz2 AAsd 25 38709 1/6 SEE W=
A Fugoda A NS FYsd. A #FHY

%3}

A EAE A% SR (target value)o 2, £
s Zeol 7 FHAFHSF x, (K
n=38)9Al9e] #dEde Stuld
fxpet X FREEA JFA9 SdHE glxy)
k9] Aolel iyt EEHWALY ASFE A

-172

;";l(f(xk) - gx))

[ [ v i=1,2,3,...,27
: (=D I (6)
28 BE F04E4 AL BA Fuawg ol
Mo 484 "Hz gFstod, thew ol U
o BEgez MREHYG
- S(x)
g =2 1)
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Table 4 Statistical analysis for the acoustic frequency characteristics in Fig. 5

and Table 3
Function of y y
Levell A | B|C|{D|E|F|G|HJ|IT1]J]KI|L|M
1 1793|1847 [ 1.740 [ 1.947 | 1611 | 1.753 | 1635 | 1.759 [ 1.719 | 1.622 | 1.693 | 1682 | 1.603
Sum 2 | 1592|1634 1650|1509 | 1589 | 1.662 | 1.685 | 1.780 | 1.751 | 1.806 | 1539 | 1.604 | 1.673 | 4948
3 | 1.563 | 1.467 | 1559 | 1.492 | 1.748 | 1.534 | 1.628 | 1.409 | 1478 | 1520 | 1.716 | 1.661 | 1.672
1 | 0199 | 02050193 0216 | 0179|0195 0.182 | 0195 [ 0.191 [ 0.180 [ 0.188 [ 0.187 | 0.178
A;’g: 2 10177 ] 0182 {0183 {0168 | 0.177 | 0.185 | 0.187 | 0.198 | 0.195 | 0.201 | 0.171 | 0.178 | 0.186 | 0.183
3 | 0174|0163 ] 0173|0166 | 0.194 [ 0.170 | 0.181 | 0.157 | 0.164 | 0.169 | 0.191 | 0.185 | 0.186
11 [87%]|120] 55 [ 180 23] 63 | 08| 66| 42 |-17] 26 | 20 | -28
%‘:lrt‘f;;" 2 | 35| -09]| 00 | 85| 37|08 | 22|80 61| 9567|2714
3 | 52 |-i11] 55| 95| 60 | -70 | -13 | -146|-104] -78 | 40 | 07 | 14
Squared sum| | g0 fygg| - | - | - | 968|493 | 468 | - 1266 )
(x10™)
V(x 109 | - [4a04] - |[mB9] - - = 484 | 247 | 234 | - | ve - 701
Fo - s | - 93] - - - 612312206 - 1.00
160 Z AR dal A4k Al F3e] Table 49 7]
Aol itk o]Se] MmwE Fig 691 ¥ vt 2
2dl, ¥4 D, ¥4 H, 95 B &AM 2 A FTo)

Squared Surrs (16%)

7 8
E F
Design parameters

12 13
L M

6 Comparison of the squared sums (Eq.9)
of each design parameters.
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Fig. 7 Contribution of each parameter level to
the target value: (a) parameters A, B,
C, D, E, F, (b) parameters G, H. I, J, K.

120
g " /\‘W
g "
&
i
: .
O 00 i3 ok
Frequency (Hz)

Fig. 8 The acoustic frequency characteristics
calculated for the optimally designed

model.
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