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Abstract: � Piezoelectr ic actuato rs ar e mounted on both sides of a rectangular w ing model. Possibility of

t he improvement of aircraft rolling power is invest igated. All experiment projects, including designing

t he wind tunnel model, checking the mater ial constants, measur ing the natural frequencies and checking

t he effects of actuators, guar antee the correctness and precision of the finite element model. T he w ind

tunnel exper iment results show that the calculations coincide wit h the experiments. The feasibility of fic�

titious control surface is validated.
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利用压电驱动器改善飞机横滚性能的试验验证. 李敏 , 陈伟民, 管德, 李维. 中国航空学报(英文

版) , 2005, 18( 2) : 108- 115.

摘 � 要:利用分布粘帖在矩形机翼上下两面的压电驱动器, 探索使用该类结构提高飞行器横滚能

力的可能性。通过风洞模型设计、材料性能测试、模型固有特性测试、压电柔度矩阵测试等试验项

目,保证了有限元模型的计算精度, 最终通过模型的风洞试验验证了利用气动弹性效应, 获得了附

加升力与横滚力矩的方案。该原理性试验说明利用分布式压电驱动器改善横滚性能是可行的。
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T radit ionally, a pilot provides a rolling ma�
neuver for turning of the aircraft w ith an aileron

system by rotation of t railing edge control surfaces

on the right and left w ing in a differential sense.

T he aileron system increases the lift on one wing

and decreases lift on the opposite w ing, resulting in

a rolling moment producing the rolling maneuver.

How ever, if the aircraft is operat ing at high dy�
namic pressures w here the deformat ion of the wing

is signif icant, the rolling rate is reduced until the

aileron reversal occurs. T he design to avoid aileron

reversal w ill result in increasing the weight of

w ing .

Recent advancements in actuat ion and sensing

technology have invigorated the explorat ion of

adapt ive aerospace structures. In the last 10 years

several investigations w ere conducted to understand

the application of smart materials to control of air

vehicle structures. The smart materials based actu�
ation system are at t ract ive because of their charac�
terist ics high�energy densities. Ehlers and Weis�
shaar[ 1] conducted a comprehensive analytical study

to understand how act ive control using piezoelect ric

( PZT ) patches to reshape the w ing can im prove

aerodynam ic performance and control static aeroe�
last ic characteristics such as diverg ence. Lin,

Craw ley and H eeg[ 2] conducted a highly innovated

experimental and analyt ical investigations to in�
crease the aircraft flig ht envelop by suppressing

flut ter using a distributed netw ork of piezoelect ric

patches. Richard and Clark[ 3] further investigated

the f lutter control of a delta w ing. Knot , Eastep,

Koloney , et al
[ 4�8] published a series of papers

about the improvement of aircraft rolling power by

using piezoelect ric actuators as the struts of the ribs

of a w ing, and the fict it ious control surface ( FCS)
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technique, using elast ic w ing tw ist and camber to

achieve a specif ied rolling rate at all dynamic pres�
sures, was put forward. How ever, these studies,

and several like them
[ 9�11]

, have show n that a net�
w ork of sensors and actuators can be used to control

a structure and improve the flight performance of

air vehicles. NASA and the Defense Advanced Re�
search Projects Agency have adopted the term of

� morphing aircraf t to describe the applicat ion of

the adapt ive st ructures, among other technolog ies,

for this purpose.

T he authors[ 11] adopted a rectangular wing

model w ith dist ributed piezoelect ric actuators. T he

difference betw een the model with aileron deflec�
t ion and the model w ithout aileron was studied.

T he analyt ical results showed that these tw o cases

are substant ial different. For aileron def lect ion

case, the aeroelastic ef fect is disadvantageous, so

the st ructural st iffness should be high unt il the

elect ric voltage is not necessary . But for the case of

FCS, the aeroelast ic ef fect is advantageous that

means low er structural st iffness can lead to lower

voltage. As the subsequent research, in the present

invest igat ion a w ind tunnel model is designed to

validate the calculation results. The g round experi�
ment and the w ind tunnel experiment are imple�
mented and the investigations show that the calcu�
lat ion results coincide with the experiment results

and the feasibility of FCS is validated.

1 � Analytical M odels and Equations

1. 1 � Analytical models

As in Fig�1, a rectangular w ing model w ith

aspect ratio 4. 0 is used. The analyt ical model is

composed of a number of rectangular aerodynamic

panels. T he aerodynamic load of each panel is lo�
cated at 1/ 4 chord point at mid�span of the panel

( pressure point ) and the boundary condit ion is ful�
f illed at 3/ 4 chord point at mid�span of the panel

( downw ash point ) .

Structurally, the model is a plate with equal

thickness, and the piezoelectric plates are bounded

on both sides. The structure coordinate is consis�
tent w ith the aerodynamic coordinate. F inite ele�

ment model as show n in Fig�2 is const ructed by

bending plate element w ith 4 nodes and 5 degrees

of freedom for each node. T he dist ribut ion of

piezoelectric plates is consistent w ith that of aero�
dynamic panels, as show n in Fig�2.

F ig� 1� Aerodynamic panels of the wing model

F ig� 2� F inite element mode of the w ing model

T he material of w ing model is LY12CZ w hose

elast ic modulus E m= 70 GPa, Poisson rat io �m=

0�3 and mass density �m = 2700 kg/ m3. The pa�

rameters of the piezoelect ric actuator used are Ep=

70 GPa, �p = 0. 3 and �p = 7000 kg/ m3, and the

piezoelectric constants d 31 = d 32, being 250 !

10- 12 m/ V.

1. 2 � Static aeroelastic equations

T he governing equations of stat ic aeroelasticity

are as follows:

 f =  0 +  e +  V (1)

 f = ( I - qC
!z
A)

- 1
(  0 +  V ) (2)

F! = RA( I - qC
!z
A)

- 1
(  0 +  V) (3)

where  is the column vector of angle of at tack of

each aerodynam ic panel. Subscript 0, e and V de�
note the initial, elast ic deformat ion and elect ric

voltage of actuator, respect ively. q= 1
2
�0 v

2 is the

dynamic pressure, �0 is the density of air, v is the

velocity of airflow. C!z is the flex ibility matrix, and
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