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On the Performance Test of the Piezoelectric-Hydraulic Pump
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ABSTRACT

In this paper, the piezoelectric-hydraulic pump with a piezostack actuator as a driving
source has been designed, fabricated, and evaluated for its application to UAV’s brake
system. The performance requirements of the piezoelectric-hydraulic pump were decided
based on the requirements analysis of the target aircraft brake system. The geometric design
of the piezoelectric-hydraulic pump to meet the performance requirements of the pump was
conducted, and all components of the pump including the spring sheet type check valves
were machined with close tolerance. By constructing a test apparatus for the performance
check of the piezoelectric-hydraulic pump, the performance characteristics of the pump, such
as the outlet flow rate for load-free condition and the outlet oil pressure for closed loop
condition, have been evaluated. It has been found by the performance test result that the
developed piezoelectric-hydraulic pump satisfies the design requirements effectively.
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Table 1. Specification of target airplane

Table 2. Design requirements of
piezoelectric-hydraulic pump

Parameters Value
Normal Operating Pressure 450~500 psi
QOutlet Flow Rate >0.04 cc/stroke
Response Time <30 msec
Operation Speed 0~150 Hz
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PZT Stack PZT Stack
Max Take_oﬁ Welght [MTOW] 5,862 lb LLLLL L LLLLLE L
Design Landing Weight [DLW] 4,000 b
MTOW 70 knots
Sta” Speed T T
DLW 65 knots PZT Stack PZT Stack .
Deceleration Nomal 6 ft/sec
Rate RTO 10 ft/sec Fig. 2. Sequences of piston-type pumping
Radius of Tire 7.88 inch mechanism
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Table 3. Specification of piezostack(PZT)

actuator
Parameters Value
Size ©@39.8 mm, L9%4 mm
Max. Displacement 60 pum
Blocked Force 12500 NV
Capacitance 1300 nF
Stiffness 200 N/ pum
Operating Voltage 0 to 1000 V
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Fig. 4. Operating principle of the
piezoelectric-hydraulic pump

Table 4. Dimension of the piezoelectric—-
hydraulic pump

Parameters Dimension
Total Size 55 X 55 X L 1279 mm
Chamber @ 30 mm t 0.5 mm
Piston 30 mm t11.9 mm
Check Valve 19 mm t 0.2 mm
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Fig. 5. Configuration of the piezoelectric—
hydraulic pump
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Fig. 6. Components of piezoelectric—-
hydraulic pump
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Fig. 7. (a) Schematic diagram of experiment
setup; (b) Experimental setup for
performance test of piezoelectric
—hydraulic pump
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