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Effect of Thickness Change in Corrugations on the Stiffness and
Vibration Characteristics of a Thermoformed Diaphragm
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Abstract

Recently, micro-speakers have attracted much attention due to their increasing demand in mobile devices. Micro-speakers
use polymer diaphragms, which are manufactured from thin polymer film by the thermoforming process. The diaphragm is
generally designed to be a circular membrane with a cross section consisting of a double dome structure, and a number of
corrugations are located in the outer region to produce better sound quality. In the current study, a finite element (FE)
analysis is performed for thermoforming, and the resulting thickness reduction in the corrugation regions is estimated. The
estimated thickness distribution is used in further structural and modal FE analyses, from which the effects of local
thickness reduction on the stiffness and vibration characteristics are determined.
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Table 1 Thermoforming conditions

Property Value
Material PET
Translation Velocity (mm/s) 0.01
Inflation pressure imposed (kPa) 490
Initial Temperature (C) 40
Maximum Temperature (C) 180
Viscosity(Pa -s) WLF law

x
X

Fig. 2 Boundary condition of thermoforming analysis
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Fig. 3 Change of the thickness distribution of the micro-
speaker diaphragm with corrugation during the
thermoforming process
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Fig. 4 Sectional images of the diaphragm with 6
enlarged regions
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Fig. 5 Comparison of thickness variations along the
radial direction
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Table 2 Properties of each material

Part Voice coil Diaphragm
Material Aluminum PET
Density [kg/m'] 2744 1400
Young's modulus [GPa] 70 2.7
Poisson's ratio 0.33 0.4
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Fig. 6 Boundary condition and measurement point of
analysis
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Fig. 7 Comparison of the axial deformation with
corrugation diaphragm; (a) uniform thickness,
(b) non-uniform thickness

0.40

0.35

030 -+

025 -

0.20 -

0.15

Deformation (mm)

010 -

uniform
0.05

= = non-uniform

0.00
-7.50

-5.00

-2.50

X distance (mm)
Fig. 8 Comparison of sectional deformation profiles
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Table 3 Comparison of the axial stiffness values
ky ks
(N/m) (N/m)
13.38 54.79 4.10
11.33 46.51 | 4.09
15.32% | 15.11 % -

Stiffness Ko/ky

Uniform thickness
Non-uniform thickness

Stiffness reduction ratio

e d 2 7kA A5l

=
T 0 oM & >
Lo o U o
i rle o X 2 wx o

=z
o

Fig. 9 Mode shapes for the corrugated diaphragm with
uniform thickness

Fig. 10 Mode shapes for the corrugated diaphragm with
non-uniform thickness

Table 4 Comparison of the natural frequencies according
to the thickness change consideration

Mode no. fs (Hz) fs' (Hz) Deviation (%)
1 194.9 180.2 -7.54
2 558.1 516.7 -7.42
3 558.4 518.3 -7.18
4 4088 3804 -6.95
5 4089 3808 -6.87
6 7150 6609 -7.57
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