2004

A E L o] & vlo| 32 AmAL
thololx el Mol A AT
ool eyH oe”

A Study on the Improving Diaphgram for Micro Speaker
Performance using Taguchi Method
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Abstract

On this study, we improved diaphgram for micro speaker performance using Taguchi method in
discrete design space. The design of diaphgram has an effect on performance of micro speaker such
as, thickness of diaphgram, shape of diaphgram, etc. Therefore this study carried to decide shape of
diaphgram and thickness of diaphgram for minimizing 2nd natural frequency of diaphgram using
Taguchi method. we showed improved design factors that minimized 2nd natural frequency of
diaphgram. Also, 2nd natural frequency of diaphgram for micro speaker is reduced up to 37 percent
maintaining twist mode shape. From the results of ANOVA, 2nd natural frequency of diaphgram for
micro speaker have an effect on position of the outer curved shape and thickness of diaphgram.
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Table 1 Mechanical property of PEN

Material
. PEN
Item list
Density(kg/m’) 1,360
Elastic Modulus(MPa) 74.58e3
Poisson's Ratio 0.3
} Voice Coil
S AT
x 5
X5
X6
X7 |

Fig. 2 Factors of diaphgram for micro speaker

Table 2 Resource of micro speaker

Model ]

. micro speaker
Item list
Sound pressure level(dB) 2+3
Rated(Max.) input(Watt) 0.4(0.6)
Impedance(<2) 03+15%
Resonant frequency(Hz) 700
Distortion Max. 10 %

Fretas oA Mg AHAT we A
_9‘

[ M1{ 'ée}+[K]{u}={0} (1)
A A A A Ee
{2} ={uycosot 2)

Felo] x3AFS Hola, A 2F 2 (1l
dshd vh3 2ok
([K]—o?[MD{uy = {0} 3)
F8lE 27 fdMe ([Kl—o?[M]) 3B
A2 o] zeroo]o]of gt}
LKl —=A[M]=0 “4)

535



2004

Zo| a1

, 2 @)l A

A N

S e, wHE e w

D= 7Ef37}: H]—/H;(HJEJ_Q] —gz‘ﬂz}ﬂo
12(1—v) =~ © we e—
= 59 AgsARss A 69 2
2
n= ol —| ek )
A7, E : A, ¢ Fe] FA, v X

s, = el Zol,

p WEolth

23 ChMH
ATl A o]4kd Al E Tl A &7
1l AAE Fdetr] flete] AunmdEs =96t
A Agom, 4IRS gt 25 AR
o ZFol el APAAUS AHgstel Hadto
A4 S5z AzFAARL FAE ANdnE
DS T AT wEbA o AR AIE el A A al)
AEE o §3e] tolofruel HEANE A7
AAE FaystaAl g} Table 32 Fig 2914 Ut}
ololz el P4 el 1Y e} T
R QAR B A FEE IFFEOR MY
&kof YEh
Table 3 Factor and level
Level
1 2 3
Factor
Vi 0.45 0.5 0.55
X2 2.1 2.2 2.3
» 0.15 0.2 0.25
X3 2.6 2.7 2.8
V3 0.4 0.45 0.5
V4 0.2 0.3 0.4
Xs 4.5 4.6 4.7
Vs 0.4 0.45 0.5
X6 5.7 5.8 5.9
X7 6.095 6.195 6.295
bl 0.195 0.245 0.295
t 0.0171 0.019 0.0209
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Table 4 Natural frequency of diaphgram

Frequency
Natural frequency(Hz)
Mode
1 1256.76
2 4791.86

(a) 1st mode shape

(b) 2nd mode shape
Fig. 3 Mode shape of initial diaphgram model
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Table 5 Factors affecting

2nd natural frequency

Effect
Factor
1 2 3
Vi *.73.1667| -73.5141| -73.2616
X2 -73.5313| -73.3325| *-73.0785
»2 -73.3102| *-73.2433| -73.3889
X3 *-73.0553| -73.1904| -73.6967
V3 *.73.2334| -73.2382| -73.4708
V4 -73.6902| -73.1516| *-73.1006
Xs -73.5324| -73.5131| *-72.8969
Vs -72.9544| *-73.4064| -73.5816
X6 *.72.7282|  -73.3851] -73.8291
X7 -74.0117|  -73.2673| *-72.6634
V1 *.73.0164| -73.3974| -73.5286
t *.72.9854| -73.1757| -73.7813
* . Optimum level
2nd natural frequency
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Fig. 3 Illustration of factor effect
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Table 6 Analysis of variance for 2nd natural
frequency
Factor S W Vv Fo P
1 178132 2| 89066| 0.73| 0.506
X2 322475) 2| 161238 1.31| 0.308
» 36825 2 18413 0.15| 0.862
X3 818264 2| 409132| 3.33| 0.074
V3 156166| 2| 78083 0.64| 0.548
V4 661399 2| 330700| 2.69| 0.112
Xs 862757 2| 431378| 3.51| 0.066
Vs 700811 2| 350406, 2.85| 0.100
X6 1946060, 2| 973030{ 7.93| 0.007
X7 3337987| 2| 1668993| 13.59| 0.001
7 495236| 2| 247618 2.02| 0.179
t 1094338 2| 547169 4.46| 0.038
Error 1350563 11| 122778
Total | 11961012 35

Fig. 4 2nd mode shape of improved performance

diaphgram
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