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Study on the Development of Integrated Vibration and Sound Generator
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ABSTRACT

The received signal of a mobile phone is normally sensed through two independent means which

are the sound generation of a speaker and vibration generation of a vibration motor. As an

improvement scheme to meet the consumer's demand on weight reduction and miniaturization of a

mobile phone, the design and development of an integrated vibration and sound generating device are

performed in this research. To this purpose, the optimal shapes of the voice coil, the permanent

magnet and the vibration plate are designed. and the excitation force applied to the vibration system

of the new device is estimated and verified through theoretical analyses, computer simulation, and

experiments using an expanded model. In addition, vibration performance comparison of the device

with the existing vibration motor is performed, and from the overall process, therefore, the method

and procedure for the vibration performance analysis of the integrated vibration and sound generating

device are established.
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1 : Case 6 . Vibration coil
2 . Cover 7 * Sound coil

3 Yoke 8 : Vibration plate
4 : Magnet 9 : Sound plate

5 : Top plate

Fig. 1 Conceptual diagram of integrated vibra-
tion and sound generating device
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Fig. 4 Shape design of vibration plates
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Fig. 5 Response to harmonic excitation
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Fig. 6 Analysis model of vibration plate
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Fig. 9 Frequency response to random signal
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Fig. 10 Frequency response to sine signal

Table 1 Similarity low for test model

Ratio of Similarity

Variables | Abh Dimen (model/prototype)
~sion ; B
Relation Ratio
Length | L L L,/L,=a 5
Time T T Tm/ Tp = a 5
Mass |M| M | M,/ M,=a%| 125
Velocity | V | LT Vaul V,=1 1
Accgler Al LT? Al A,=a | 1/5
-ation

Frequency| f T' | ful fy=1a'| 1/5

Force | F |MLT®| F,,/ F,=a?| 25
12 -1
Young's E ML2 T E, E,=1 1
modulus
Density | p | ML® Oml P, =1 1
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Table 2 Conversion of test results by similarity low

Objects Scale-
Variables ;/IOZ;I’D Prototype
Out-Diameter 70 mm 14 mm
Mass 152 g 122 g
Nat. Frequency 65.9 Hz 3295 Hz
Displacement 0.243 mm 0.0486 mm
Acceleration 417 m/s" | 2085 m/s”
Resultant force 6.34 N 025 N
Table 3 Comparison of results from theory,
analysis, and experiment
lethods Computer | Experime
Results Theory analysis nt
Nat. freq. 649 Hz 67.8 Hz 659 Hz
Max. Disp. | 056 mm | 053 mm | 0.24 mm
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Table 4 Comparison of performance bt. integra-
ted device and existing vibration motors

. tformance Mass |Acceleration| Force
Kinds
Cylinder-type 2
Motor 314 g| 733 m/s 23 N
Coin-type motor | 1.48 g | 743 m/s® | 1.1 N
Integrated device 2
(converted value) 123 g | 2085 m/s” 1 0.25 N
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