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Introduction:
Microhydraulic principle, which can be used to convey power and
displacement, was used to design a micro hydraulic displacement
amplifier[1]. The liquid is encapsulated in a chamber with two
hyperelastic membranes sealing it from both sides. A
displacement of the upper membrane occurs when a certain
pressure is applied on the lower membrane. A hydraulic
displacement amplifier coupled with fluid mechanics and
hyperelastic material is studied through 2D axisymmetric FSI
(Fluid-structure interaction) model in COMSOL. The actuation
behaviors, the liquid movement inside of the chamber, the
pressure distribution and the amplification ratio, are studied and
discussed.

Results:

Variables Value Units

Density of liquid 120 Kg/m3

Dynamic Viscosity 1.49 mPa.s

Membrane thickness 10 μm

Upper membrane radius 200 μm

Lower membrane radius 400 μm

Membrane bulk modulus 1214.84 MPa

0 MPa

0.1342 MPa
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Ⅰ. Navier-Stokes equation [2]

Velocity of fluid
Density of fluid
Pressure that the fluid 
exerts on anything
Time
Body force applied on fluid
Kinematic viscosity of fluid

1u
u u p g u

t





      


   

0u 


u



p

t
g




Governing equations:
To define the liquid inside of chamber, Navier-stokes equation is
employed. Since the PDMS is an elastomer material, the
hyperelastic model (Mooney-Rivlin model) is coupled to the
model as well. The pressure applied on the down membrane is
varied using ramp function, which results in rise of pressure from
0 to 10 KPa in the first second and holds this value for 2 seconds.
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Ⅱ. Mooney-Rivlin equation [3]
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Conclusion:

• Since the maximal velocity of the liquid is quite small, it
results in a very small viscous force.

• Since the total pressure will be applied to the upper
membrane, to analyze deflection of the amplifier the
easiest way is to analyze deflection on the upper
membrane only.

• Amplification ratio is defined as the ratio of the center
deflection of upper membrane to the center deflection of
lower membrane, it is found that the amplification ratio
jumps from zero to a certain value once the pressure is
applied, and then drops with the increase of applied
pressure.

W Strain energy density


