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ABSTRACT

This paper describes the development process for vibration and acoustic characteristics of a bal-

anced armature speaker. The design parameters were chosen in consideration of the influence of the

bending stiffness of balanced armature which is the form of a cantilever structure in the speaker. For

study of the performance of the speaker according to the design parameters, in the first step, we an-

alyzed the characteristics of the velocity of the diaphragm to the electrical input. Next step, acoustic

characteristics were analyzed by structural-acoustic coupled analysis. And the reliability of the analy-

sis was verified by comparing the result of analysis with test results. Finally, we proposed a design

method for implementing an enhanced balanced armature speakers through analysis method.
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Fig. 1 Structure of BA speaker
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Table 1 Design variables and level

Variables Lol : 2 .

A |Armature thickness(mm)| 0.160 | 0.180 | 0.200

B th]i)ci]frlfg;%nmm) 0.016 | 0.018 | 0.020

C Rod diameter(mm) 0.040 | 0.050 | 0.060

Table 2 Material properties of BA speaker's part

(global structure damping coefficient : 0.05)
Material ](?(Cgr;frlltsy nllj(gi:tlti;cls Po:;tsicz)n's Part

Poly ether imide | 1200 0.04 0.40 | Diaphragm
Copper 8900 120.70 0.35 Coil

Aluminium 2800 75.00 0.34 Al plate
Brass 8500 97.00 | 0.31 Ring

PB permalloy 8900 100.00 0.34 Armature

Table 3 Description of FE-model

Element | The number of nodes |The number of elements
Beam 2 1

Shell 21692 21108

Solid 101 644 82050
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Fig. 2 Configuration of the FE-model for vibration
analysis

Pressure‘

Botton Foeq  ResPONsepoint

Fig. 3 Boundary and loading condition for vibration
analysis
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Table 4 Maximum vibration response at the center of

the diaphragm according to the full factorial
matrix of design variables

Amature Die}phragm ; Rod Wil
Case thickness | thickness | diameter (RMS, m/s)
(mm) (mm) (mm)
1 0.160 0.016 0.040 0.648
2 0.160 0.016 0.050 0.639
3 0.160 0.016 0.060 0.632
4 0.160 0.018 0.040 0.684
5 0.160 0.018 0.050 0.665
6 0.160 0.018 0.060 0.647
7 0.160 0.020 0.040 0.669
8 0.160 0.020 0.050 0.643
9 0.160 0.020 0.060 0.619
10 0.180 0.016 0.040 0.468
11 0.180 0.016 0.050 0.464
12 0.180 0.016 0.060 0.461
13 0.180 0.018 0.040 0.555
14 0.180 0.018 0.050 0.547
15 0.180 0.018 0.060 0.541
16 0.180 0.020 0.040 0.581
17 0.180 0.020 0.050 0.565
18 0.180 0.020 0.060 0.550
19 0.200 0.016 0.040 0.325
20 0.200 0.016 0.050 0.321
21 0.200 0.016 0.060 0.315
22 0.200 0.018 0.040 0.418
23 0.200 0.018 0.050 0.415
24 0.200 0.018 0.060 0.412
25 0.200 0.020 0.040 0.484
26 0.200 0.020 0.050 0.478
27 0.200 0.020 0.060 0.472

Table 5 Results of the analysis of variance for the
design variable matrix(A : armature thick-
ness, B: diaphragm thickness, C: rod diam-

eter, E: error, T: total, x : coupling sym-
bol)

Variables S [0} v Fo P-value
A 0.270367 | 2 | 0.135183 7090.7 0.000
B 0.037985| 2 | 0.018 992 996.2 0.000
C 0.001 861 | 2 | 0.000931 48.8 0.000

AxB ]0.018406| 4 | 0.004 602 241.4 0.000
AxC ]0.000491 | 4 | 0.000 123 6.43 0.013
BxC |0.000304| 4 | 0.000076 3.99 0.046
E 0.000 153 | 8 | 0.000019
T 0.329 567 | 26
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1st mode : 3.271Hz 2" mode : 4,046Hz 3¢ mode : 4,586Hz

4™ mode : 8,448Hz 51" mode : 11,946Hz

Fig. 4 Natural frequencies and mode shapes of the
optimized balanced armature speaker unit
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Fig.5 Response of velocity at diaphragm center
points of the optimized balanced armature
speaker unit
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Fig. 6 Set up of vibration characteristic test equip-
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Fig. 7 Velocity response of test & analysis
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Table 6 Properties of the material of the air and the

case
Densit Acoustic Bulk
Material (k /ms})l impedance | modulus Part
g (kgs/m®) | (MPa)
Air 1.2 0.04 0.142 Cavity
SPC 8000 49.99 - Case

<>

Upper inner air

> g <

Al plate Diaphragm
» Core & Magnetic
«
Ring
¥ Rod
Coil Armature

Lower inner air

Fig. 8 Configuration of the FE acoustic model

Non-reflector boundary

N |
\\\V/

Fixed

Pressure'

Impedance

Fig. 9 Boundary and input conditions for acoustic
analysis
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Fig. 10 Sound pressure level of the acoustic analysis
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Fig. 11 Set up of acoustic characteristic test equipment
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Fig. 12 Sound pressure level of the acoustic test &
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