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Abstract : In this study, the design of compound smart materials hydraulic pump that can be applied to a
small-medium size UAV having a limited space envelope and weight has been conducted. Compound Smart
Material Pump(CSMP) proposed in this paper is composed of a pressurize pump and a flow pump for
supplying the high pressure and fluid displacement to overcome the disadvantages of the piezoelectric actuator
which has a small strain. Though this compound smart material pump has been designed as small size and
lightweight as possible, it can sequentially supply the sufficient large flow rate and pressure required for the
brake operation. For the design of CSMP, about 2,700 kg (6,000 1b) class fixed wing manned aircraft was
selected. Based on the established requirements, the design of the CSMP have been done by strength,

vibration, and fluid flow analysis.
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1334 N (300 Ib)

2,658 kg (5,862 1b)

Specification
© 8,896 N (2,000 1b)

1,814 kg (4,000 1b)
1.82 m/sec (6 ft/sec?)

36 m/sec (70 knots) @ MTOW

33.4 m/sec (65 knots) @ DLW

Idle :

Max.

airplane[14,15]
Rejected Take-Off :

ft/sec?)

Normal :

Table 1. Specification of design object

Item
Engine Thrust
Max. Take-off

Weight [MTOW]

Design Lading

Weight [DLW]
Stall Speed

Deceleration Rate
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Table 2. Requirement of smart material pump
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Table 3. Chamber diameters of pressure

supply actuator

Chamber
Diameter
(mm)

30
35
40
45
50

Actuator
Displacement
(um)

56.6
41.6
31.8
25.2
20.4

Actuator
Force
(N)

4873.6
6633.5
8664.1
10965.5
13537.7
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Table 4. Chamber diameters of flow supply actuator
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Chamber Diameter |  Actuator Force HgLEier
Displacement
(mm) N ;

um)

30 47.3 4.9

35 64.3 31

40 84.0 o4

45 106.4 1.9

50 131.3 15
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Diaphragm
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3 Check Valve

Chamber & Reservior
Flow Pump

(VCM)

Fig. 1. Schematic of smart material pump
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Table 5. Specification of high strength bolt

Head Size 5.5 mm
Diameter 3 mm
Yield Stress 1,170 MPa
Pretension 1000 N
Bolt Torque 0.05 N-m

(b) Bolt
Fig. 2. Structural analysis results of body and bolt

(a) Body
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(c) (D

Fig. 3. Structural analysis of check valve :
(a) stress and (b) deformation for

AP=1 atm condition ; (c) stress and

(d) deformation for displacement 0.5

mm
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Fig. 4. Vibration analysis of check valve
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Table 6. Fluid Properties(Mil-PRF-83282)[19]

Kinematic Viscosity @ 40T

14.2 [cSt]

Specific Gravity (15.67C)

0.851

Table 7. Boundary conditions and Setup

Inlet Pressure 1 atm
Outlet Mass Flow Rate 0.0637x107° kg/s
Turbulent Model K-Epsilon
Node 226,965
Elements 1,141,184

EXE

(a) Stream Line (b) Pressure Contour

Fig. 6. Flow analysis of smart material pump
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Fig. 7. Prototype smart material pump

Table 8. Specification of prototype smart

material pump

Item Specification
Pump Size O57 mmXx H145.5 mm
Chamber Pressure Pump: 2 mm
Hight Flow Pump: 3 mm
SUS 301-CSP, ®19 mm,
Check Valve £=0.35 mm

. SUS 301-CSP, ®55 mm,
Diaphragm ) 1_76 35" mm

Size : ®16 mmXx H36 mm
PZT Stack Max. displacement : 40 pm
Max. force : 12,000 N

VCM Size : 040 mmx H39.6 mm
Actuator Max. displacement : £3.2 mm
Max. force @ 99.4 N

Actuator
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