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Abstract

A new micro actuation concept is introduced and studied in this paper. This idea is based on the thermo-
pneumatic actuation principle. In order to improve the performance of a conventional thermo-pneumatic
actuator, the idea of bistable buckling is added. By using a membrane which has the bistable buckling
characteristics, the working pressure difference can be increased and as a result the work output can be
increased. The analysis model for each phenomenon, bistable buckling and phase change, are suggested and
the each model is verified with experimental data. From the comparison of the theoretical prediction with the
experimental results, it can be concluded that these models are useful for such micro actuator analysis.
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Fig. 1 Principle of the Actuator
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Table 1 Data required for the analysis of actuator

Ty
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_\,,,m

Geometric data & initial conditions
Ly Length of square cavity =195  {mm)
L Length of central rigid square = 9.0 [rum)
H, Depth of Cavity =4.0 [mm]
Im Thickness of membrane =01 [ram}

d  Bistable deflection of membrane = 1.0 [mm]
H; Initial depth of working fluid pool =20 [mm]}
Ty Temperature of heating block = 15,32 [T}
T Temperature of ambient air =20 {C}

Thermal propertics

n-pentane (5-C:sHy,)

M Relative molecular mass = 72,151 fhkgkmol]
T.x  Boiling temperature =36.06 [T}

Y3 Density at liquid state =609.78  [kg/m’)
e Density at vapor state =29693  [kg/m')
Cpr Specific heat of Hguid =23673 [JkgK]
Cpe  Specific heat of gas =1764.0 [JkgXK]

ks Thermal conductivity of liquid = 0.10724 [#/m K]

kg Thermal conductivity of gas = 0.015283 [W/mK]

4l Enthalpy =3.576x10° {Hkg}
Dry Air (at 20 T}

e Density of dry air =1.208 [kg/m'}
Cpar  Specific heat of air =1006.0 [JkgK]
ks  Thermal conductivity of air = 0.025 [W/mK}

fla  Free convection heat transfer coeff. =20 [W/m’ K]

Membrane
P Density of membrane = 1380 [kg/m)
Cpm  Specific heat of membrane = 960 {/kg K]
kn Thermal conductivity =0.15 {Wim-K})
£ Modulus of clasticity =34 {GPa}

10 835 [£5) o8 14

3 (mm} . .
Fig. 5 Pressure-deflection relation
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Table 2 Thermal properties of Working Fluids

Molar mass | Boiling temp. Latenet heat
[kg/kmol] [TC] [ki/kg]
n-pentane 72.15 36.06 357.2
R-123 153 27.82 170.1
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