R R TR S 2003 410 A FREME A @ifs Y pp.300-304

57| ol M%EJEO” e
5 ast o

7| 7o bl

=8 *(KAIST 7| A &8ta},

Six| ML Se

Z#8, ZEZ(KAIST)

Study on the geometrical nonlinearity of the hinge mechanism used in a piezoactuator

J. H. Kim (Mecha. Eng. Dept. KAIST), S. H. Kim, Y. K. Kwak (KAIST)

ABSTRACT

Piezoactuator using a flexure hinge mechanism is often used in the precision stages. When the total size of the hinge

mechanism become small compared with the deformation of the hinge mechanism, the geometrical nonlinearity makes a

considerable error in the output displacement. In this research, the incremental method based on the matrix method is

developed to model the effect of the geometrical nonlinearity. Developed modeling method is applied to derive the error of

output displacement of the bridge-type hinge mechanism and its results are derived with respect to the design parameters.

This method can be easily used to the design optimization of the hinge mechanism and analysis results show that the

geometrical nonlinearity error should be considered to achieve a high accuracy to the piezoactuators.
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Fig. | Geometrical nonlinearity of the Bridge-type hinge

mechanism.
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Fig. 2 Dimensions and coordinate of right-angle hinge.
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Fig. 5 Bridge-type flexure hinge mechanism.
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Fig. 6 Flow chart of the incremental analysis using matrix
method.

M ol
30 " By

21 2N 859 37 dAYZ] 4 vue

da ATl AgAom AFo] UL qejm
2 B dPdAE FHd gAnas Apgae vl
A Ao ol gatglon] A8 d 1F S
WA AR 9 AEE GEaAel S4L Table 13

N

gt



Table 1 Parameters of double amplified piezoactuator.

Piezo-stack
( Tokin, AE0505D16 )
Elastic Modulus 44 GPa
Poisson ratio 0.3
Piezoelectric constant 0.116 pm/V
Mass 47¢g
Size 5 x5 %20 mm3
Hinge Mechanism
(Material : Al 7075-T6)
Elastic Modulus 72 GPa
Shear Modulus 27 GPa
Density 2750 kg/m3
Yield strength 500 MPa
Hinge thickness tg 0.3 mm
Hinge length Ly 0.5 mm
Mechanism thickness 9.4 mm
Bridge height hy 0.6 mm
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Fig. 7 Result of Nonlinear analysis. (hg = 0.6 mm)
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Fig. 9 Characteristics of hinge mechanism with respect to
hg.
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Fig. 10 Geometrical nonlinearity error with respect to hg.
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