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Piezoelectric Haptic Actuator Using Hinge-lever Mechanism
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Abstract: The haptic actuator needs to downsize in the mobile devices continuatively. In this work, the hinge lever
mechanism was used in order to prevent lowering the vibration performances of the downsized actuator. The
vibration performances of actuator with and without hinge-lever mechanism were simulated by the finite element
method analysis. It is concluded that the hinge-lever mechanism may be a proper measure to prevent lowering the
vibration performances in the downsized piezoelectric actuator.
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Fig. 3. Type 2 actuator using hinge-lever mechanism. (a)
Crosssectional view of the type 2 actuator and (b) diameter of

circle in supporter; 2 mm.
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Fig. 4. Flowchart for simulation of performance of type 1 &
type 2 actuator.
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Table 1. Material properties and dimensions of the haptic
actuator in Fig. 1 and Fig. 3.

Dimension Type 1 Type 2
Tungsten mass 15 15
[g] ’ '
Steel plate 40" x 2" 0.28 40" < 2"x0.2"
[mm]
Piezoelectric element Lo . L .
30" X 2" x0.3 30" X 2" x0.3"
[mm]
Supporter 0.2 x 2P x 2f 20 x 2P x 2"
[mm]
Properties Young's Piezoelectric strain .
Density
modulus constant [ke/m’]
Material [GN/m’] [pm/V] &
Tungsten N/A N/A 17,470
Steel plate 210 N/A 7,800
Piezoelectric 65 123 7.500
element
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Fig. 5. Displacement depending on frequency of Type 1 and
Type 2 actuator.
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Fig. 6. Length of piezoelectric element dependence of
displacement and resonant frequency of Type 1 and Type 2
actuator; (a) maximum displacement of actuator and (b)

resonant frequency of actuator.
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Fig. 7. Diameter of support circle dependence of displacement
and resonant frequency of Type 2 actuator; (a) maximum

displacement of actuator and (b) resonant frequency of actuator.

Table 2. Performance and dimensions of the haptic actuator
using hinge-lever mechanism.

Resonant frequency Displacement
[Hz] [um]
Performances 199.3 1286.9
Piezoelectric element Lo .
34" x2°X0.3"
[mm]
Steel plate Lb .
Dimension 40" <27 0.3
[mm]
Circle diameter of supporter 3

[mm]
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