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Abstract— Recent work has demonstrated the laminate man-
ufacture of smart composites capable of self-assembly by
folding [1]. This approach rapidly and inexpensively produces
structures with high strength to weight ratios, but it is incapable
of generating continuous enclosed curved surfaces. This paper
describes a new approach to self-assembly with smart com-
posites that employs layer buckling to create enclosed curved
structures. By embedding a shape memory polymer (SMP)
between two sets of structural layers, we can create a smart
composite linear actuator. When the polymer is activated by
heat, the resulting contraction induces buckling along two layers
attached on the top and bottom of the linear actuator; this
results in deployable enclosed curved surface. This technique
is ideal for manufacturing airfoils for small unmanned aerial
vehicles (SUAVs) using a flexible, low-cost lamination process.
Minor adjustments to the two-dimensional laminate parameters
(gap width and boundary length) can accurately create various
National Advisory Committee of Aeronautics (NACA) airfoil
profiles. Incorporating the self-assembled airfoil into a function-
ing SUAV, we experimentally observe its gliding ability. Through
wind tunnel testing, the self-assembled NACA airfoil shows a
2.5 times increase in lift force compared to an equivalent planar
airfoil and similar performance to its theoretical values.

I. INTRODUCTION

Unmanned aerial systems are used for geographical map-
ping [2], package delivery [3], security [4], urgent care
[5], and other tasks that benefit from an autonomous aerial
perspective or that are too dangerous for direct human inter-
vention [6]. As these systems become further integrated into
everyday operations, there is increasing interest in developing
low cost, rapidly customizable, and even disposable drones
[7], [8]. The proliferation of digital manufacturing like 3D
printing enables the rapid, customizable fabrication of airfoils
[9]. However, these structures are not deployable (i.e. do not
pack efficiently), and may not have sufficiently high strength-
to-weight ratios to serve as SUAV airfoils.

Smart composites, by contrast, can be used to make de-
ployable structures with very high strength-to-weight ratios.
For example, recent work has demonstrated the fabrication
of smart composites with self-assembling capabilities by
laminating layers of structural support, shape memory poly-
mer, adhesive, and flexible printed circuit boards (PCBs)
[10]. Smart composites are mixtures of passive and ac-
tive materials that yield properties beyond those of their
constituent components. They are used for reinforcement,
sensing, actuation or energy transduction [11], [12]. The
advantages of self-assembly via laminate manufacturing, in
comparison to other manufacturing methods, include lower
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Fig. 1. A new approach for self-assembly of curved surfaces with smart
composites utilizing layer buckling. Self-assembly of an enclosed curved
airfoil, pictured here (A) before and (B) after activation of the smart material
layer. This new approach to self-assembly is used to create SUAV with
tapered wing contours and vertical winglets, pictured here (C) before and
(B) after activation of the smart material layer. (E) The SUAV was further
integrated with an electronic speed controller, receiver, and aileron controls.

cost, ease of mass production, customizability, and reduced
material use [13]. The resulting self-assembling structures
have the potential to exhibit reduced storage requirements,
high strength, and low weight [1].

Laminate designs have a trade-off between using folding
and bending. Folding allows the creation of complex designs;
however, it is unable to develop continuous smooth surfaces
without significantly increasing the number of creases and
thus the manufacturing complexity [14]. Bending origami
can be achieved by using curved creases that bends paper
rather than straight folds [15]. Prior work has used arced
creases in laminate manufacturing to construct curved sur-
faces such as propellers [16]. Curved crease self-folding is
capable of transforming a planar sheet into a curved pro-
peller, but has geometric limitations since a single mountain
or valley fold creates sharp discontinuities in the surface
profile. Due to these limitations, curved creases are unable
to create the enclosed curved geometry desired for airfoils.
Other work has to addressed the challenge of constructing
enclosed surfaces from planar sheets through a series of
mountain and valley folds [17], [14]. Although this repeated
multi-crease technique is able to construct an enclosed
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