Special Issue Article

Journal of

Intelligent Material

Systems and Structures

Structural and aerodynamic analyses of
a hybrid trailing edge control surface of

a fully morphing wing

Journal of Intelligent Material Systems
and Structures

1-13

© The Author(s) 2016

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1045389X 16641200
jim.sagepub.com

®SAGE

Ercan Giirses, Ilhan Ozan Tuncoz, Yosheph Yang.,. Pinar Arslan,
Ugur Kalkan, Harun Tiras, Melin Sahin, Serkan Ozgen and Yavuz Yaman

Abstract

In this article, the design and analysis of a hybrid trailing edge control surface of an unmanned aerial vehicle are pre-
sented. The structural design was performed to increase and decrease the camber of the control surface to match
selected airfoil profiles. The design was first analyzed with the help of finite element method to assess the morphing
capability. The morphed control surface was then analyzed aerodynamically and comparisons with the original target
profiles were made. According to the aerodynamic analyses, it was concluded that the control surface can successfully
morph into target profiles with very minor changes in the target aerodynamic values while still ensuring the structural

integrity and the safety of the control surface.
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Introduction

In the design of a camber variable wing, there are three
methods, namely, the conventional hinged mechanism,
the smart material-made actuators, and the compliant
mechanism (Shili et al., 2008). Although easy integra-
tion, effect on a limited zone of the wing, and the sim-
ple actuation system are some of the main advantages
of the conventional control surfaces, there are also sev-
eral drawbacks that cannot be ignored. Airflow separa-
tion and drag increase can significantly decrease the
aerodynamic efficiency due to the existing discontinu-
ities produced by the conventional control surfaces
(Barbarino et al., 2010). Unlike the conventional coun-
terparts, the unconventional control surfaces with the
smart material-made actuators and the compliant
mechanisms can provide smooth shape changes along
the wing surface, which decrease the adverse effects of
the conventional ones.

A variable camber trailing edge control surface
whose aim is to serve as a flap was proposed by
Barbarino et al. (2010). In the concept, the reference
geometry of the ribs of the control surface was based
on a wing of a transport aircraft and formed from
shape memory alloy (SMA) truss-like structure. In
some of the members of the structure, variable geome-
try trusses (VGTs) which are defined as a structural
truss system having a number of length-adjustable

actuated members were used (Furuya et al., 1985). The
high cost and the heavy weight problems due to con-
ventional actuated truss members are eliminated with
this approach.

One of the adaptive trailing edge control surface
development programs with smart structures and mate-
rials is the Smart Wing Program, which was funded by
Defense Advanced Research Program Agency
(DARPA). The trailing edge control surface developed
under this program composed of an elastomeric (sili-
cone) outer skin, a flexible honeycomb, and a fiberglass
laminate as a center leaf of the honeycomb part. While
the honeycomb part increases the resistance to vertical
loads, the silicone skin, which undergoes large defor-
mations, provides a smooth shape change and reduces
the actuation forces in this concept. Additionally, the
chord-wise shape of the control surface is stabilized by
the laminate part (Bartley-Cho et al., 2004). The eccen-
tuator is another morphing device for the trailing edge
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