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Piezo-Composite Actuator for Control Surface of a Small
Unmanned Air Vehicle

Bum-Soo Yoon*, Ki-Hoon Park*, Kwang-Joon Yoon**'

ABSTRACT: The purpose of the present study is to develop lightweight and simple smart actuators in order to replace
conventional hydraulic/pneumatic actuators, and to apply the developed actuators to the actuation systems of a small
unmanned air vehicle. This research describes the procedures of design, manufacturing of the piezo-composite
actuator, and the performance evaluation. From the test results of the developed devices, we found the possibility of
piezo-composite actuator could be used as a control surface of a small UAV system. We have designed and
manufactured two kinds of piezo-composite actuators, unimorph actuator and bimorph actuator. The manufactured
actuators were evaluated through the performance testes. It was found that the bimorph type actuator showed more
linear angle change for the same excitation voltage variation than unimorph type. It is expected that piezo-composite
actuator has a possibility to be used not only as a control surface of small unmanned flying vehicle but also as a
control surface actuator of a guided missile fin through the miniaturization of power supply and control system.
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Fig. 1. Aerodynamic forces on plate with uniform flow
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Fig. 2. Aerodynamic moment on plate with uniform flow

Table 1. Lift, drag and moment on control surface in supersonic

flow
Flight Condition
M, =2 (at sealevel), o. = 10°
chord length = 7.6 cm, span = 7.6 cm
Lift 662.7 N
Drag 115.65N
Moment 3404 Nm

Table 2. Lift,drag and moment on control surface in subsonic flow

Flight Condition

M,=0.5 (at sea level), oo = 10°
chord length = 7.6 cm, span = 7.6 cm

Lift 112.85 N
Drag 3941 N
Moment 2.96 N m
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Fig. 3. Structure of unimorph actuator
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Fig. 4. Structure of bimorph actuator

Table 3. Basic material properties of composite actuator

Properties Piezo Ceramic | Carbon Glass
(3203HD) Epoxy Epoxy
E, (GPa) 62 231.2 21.7
E, (GPa) 62 7.2 21.7
G,,(GPa) 23.66 43 3.99
v, 0.31 0.29 0.13
d;, (X102 m/V) -320
p (g/cm?) 7.8 1.51 1.91
t (mm) 0.25 0.1 0.09
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Fig. 5. Experimental setup for actuator test

Table 4. Actuation angle change vs. actuation voltage variation

Type Voltage (V) Weight (g) Angle (°)
0 5.72
Unimorph 400~-150
50 5.64
0 5.38
Bimorph 550~-550
50 5.44
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Fig. 6. Actuation angle change vs. actuation voltage variation
(top: unimorph actuator, bottom: bimorph actuator)
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Fig. 7. A bimorph bender element

— end pivots

modified NACA 0010 profile
graphite/epoxy shell——

PZT-5H bimorph bender element

Thornel P-75S graphite main spar
2.67in
internal lead mass counterbalance —

modified NACA 0022 root profile
fuselage

root pivot
external leading-edge counterweight

leads

fiberglass root mount and lead protection

Fig. 8. The flexspar missile wing internal structure
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Stack type Unimorph actuator PZT Size 72x72X0.25mm
(5ea unimorph actuator) CTS 3203HD

Fig. 9. Control surface with curved stack actuator

Table 5. Actuation angle change of control surface with stack
type actuator vs. applied voltage

Voltage (450 V~—150 V)

Weignt (g)
Half of the chord | Quarter of the chord
0 100 | 500 0 100 | 500
72 %23 |Angle (°)| 10.1 9.8 9.2 9.9 9.8
72 x72 |Angle (°)| 12.5 11.1 11.7

PZT Size
(mm)
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