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ABSTRACT

In this study, the pressurization characteristics of the small piezoelectric hydraulic pump
for a brake system has been analyzed through modeling the full hydraulic pump
components; the pump chamber, check valve, pump load, pump drive controller etc. To
analyze the pressurization characteristics, the process of charging pressure in the chamber
with stacked-layer piezoelectric actuator were firstly modeled. Secondly, the flow coefficient
of the check valve in terms of valve opening has been calculated after computational fluid
dynamics analysis, such as the pressure distribution around check valve and the flow rate,
was conducted. Also the pump driving controller, which controls the input voltage to the
actuator, was designed to make the load pressure follow the input pressure command. The
simulation results find that it takes about 0.03ms to reach the operating load pressure
required for the braking system. The simulation result was also verified through
comparison to the result of the pump performance test.
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Table 1. Material properties of PZT

and fluid
Parameters Value Unit
m 0.455 (PZT) .
ot +0.047 (Piston) v
kpiezo 2.0x 108 N/m
Kfria 1.22 <108 N/m
Chuid 2.5%x10* Ns/m
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Table 2. Specification of PZT actuator

(P-225.40)

Parameters Value Unit
Size @39.8, 194 mm
Max. Displacement 60 m
Force 12500 N
Capacitance 1300 nk
Stiffness 200 | N/pm
Operating Voltage 0 - 1000 14
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Fig. 2. Schematic diagram of brake system
using piezoelectric hydraulic pump

Fig. 3. Sheet spring type check valve
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Table 3. Material properties and dimensions
of check valve

Fgaggéigs Value Unit
Density 8000 | kg/m?
Young's Modulus 197 GPa
Poisson’s Ratio 0.27 -
Yield Strength 415 MPa
Inner Diameter 5 mm
Outer Diameter 19 mm
Leg Thickness 0.5 mm
Valve Thickness 0.2 mm
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Fig. 4. Sectional view of check valve for
fluid flow analysis

Fig. 5. Valve stopper for protecting check valve
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