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ABSTRACT

Morphing aircraft design — the design of aircraft capable of macroscale shape change for drastic in-flight perform )ce
variation — is an extremely broad and underdefined field. Two primary means of developing new concepts in morphing
exist at Cornell University: design of broad test platforms with generalized motions that can provide future insight into
targeted ideas, and specifically adapted aircraft and shape change mechanisms attempting to accomplish a particular task,
or hybridize two existing aircraft platforms. Working with both schools of thought, Cornell research has developed a
number of useful concepts that are currently under independent analysis and experimentation, including three devices
capable of drastically modifying wing structure on a testbed aircraft. Additional concerns that have arisen include the
desire to implement ornithological concepts such as perching and wingtip control, as well as the necessity for a
compliant aerodynamic skin for producing flight-worthy structural mechanisms.
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1. INTRODUCTION

For over a century, airframes have been rigid structures. Not since the Wright brothers flew a ﬂexi.ble wing craft’to
investigate the role of wing shape on flight have aircraft structures looked beyond the rigid spars, ribs, batons, stringers,
etc. that are used today. A rigid fixed frame utilizing smaller subframes to generate forces and moments to control the
rotations of the aircraft has been the model for flight controls of virtually all aircraft.

The rigidity of an airframe not only confines its shape, but also its mission parameters. For the most part, alrcraft are
single mission vehicles that are designed with specific objectives in mind, such as higp rpaneuverablhty, long loiter, or
extreme speeds. Multiple mission vehicles tend to be compromises of the different missions, a:nd generall.y yield gdyerse
performance over all the missions. Inevitably, some aircraft have utilized “morphing” by moving subsections of rigid
frames to create virtual aerodynamics shapes. Wing sweep, slats, and flaps are all examples of this.

The goal of the morphing initiative is to develop airworthy structures Wit%l multiple, fugctiongl eguilibmum points. There
are two ways to attack the broad subject of morphing aircraft, both of Wthh. are under 1nve§t1gat10n at tl.le Cornell
Laboratory for Intelligence Machine Systems (LIMS). The first is to inygsUgate the potential of morphmg concepts to
fulfill multiple mission parameters with testbed aircraft capable of prov1filng a broad a.mOl.mt.of data on flight '
characteristics. Wings can alter their primary configurations — sweep, dlhe?dral, z}r}d wing incidence — on a macroscopic
scale in order to determine what aerodynamic tradeoffs are made within this additional three fiegree-of-freedom .
framework. This can then be used to choose from an experimentally and analytically detgrrmned set of results wk'nch
missions can be synthesized into one aircraft. This school of thought is being employed in the design of the modified

Stewart platform and oblique joint mechanisms in the LIMS lab.

The other design scheme is to choose multiple missions to synthesize, or to choose an additional mission quet:hcpve with
which to augment an existing type of craft, and determine the shape chfmge that mugt be develgped to at;am és({léa%
hybrid. Long-loiter aircraft such as the Global Hawk or Predator intelligence, surveillance, an recgplr'lmss&r;c ISR
craft, could be forged into a new platform that also has the capacity for high speeds and maneuverability. Work to

such a targeted goal is being done on the hyper-elliptic cambered span (HECS) wing aircraft, being developed jointly
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