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ABSTRACT

The recently completed DARPA/AFRL/NASA Smart Wing program, performed by Northrop Grumman Corporation
(NGC), addressed the development and demonstration of smart materials based concepts to improve the aerodynamic and
aeroelastic performance of military aircraft. This paper presents a final overview of the program.

The program was divided into two phases. Under Phase 1 (Jan 95 to Feb 99), the NGC-led team developed adaptive wing
structures with integrated actuation mechanisms to replace standard hinged control surfaces and provide variable,
optimal aerodynamic shapes for a variety of flight regimes. An important limitation of the Phase 1 effort, the low
bandwidth-achievable in shape memory alloy (SMA).based actuation, was addressed in Phase 2 (Jan 97 to Nov 01). Under
Phase*2, a 30-percent scale full span wind:tunnel medel of an NGC uninhabited combat -air vehicle (UCAV) design was
developed. For the Phase 2 first wind tunne] test, completed in March 00, SMA-based leading and trailing edge control
surfaces were incorporated on one wing of the model with conventional trailing edge control surfaces actuated using
electric motors on the other. This test provided baseline steady-state data at Mach numbers ranging from 0.3 to 0.8. The
second test, performed in May 01, demonstrated a structurally compliant trailing edge control surface actuated using
piezo-electric motors. Spanwise and chordwise shape control was demonstrated for the trailing edge control surface at
deflection rates of up to-80 deg/sec. Performance improvements in terms. of increased rolling and pitching moments and
lower control surface deflections were quantified.
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1. INTRODUCTION

The-overall objective of the smart wing program was to develop novel, smart materials based controls surfaces that would
provide improved aerodynamic, aeroelastic, and other system level benefits. The program was conducted in two Phases
(Figure 1). Under Phase- 1, SMA based hinge-less, smoothly:contoured trailing edge control surfaces, and actively
variable wing twist using SMA torque-tubes were investigated. To evaluate the concepts and quantify performance
improvements, two 16% scaled models (of ‘a present generation fighter aircraft), one conventional and the other
incorporating the above features, were fabricated and two series of wind tunnel tests were conducted, the first in May 96
and the second in Junie 98. These tests provided quantitative data on lift'and rolling moment improvements achieved by
using hinge-less, smoothly contoured control surfaces. The Phase 1 work is extensively documented."*

Phase 2 effort focused ‘on demonstration using a larger scale, full-span model, higher bandwidth actuation systems, and
testing at flight Mach numbers and dynamic pressures; Figure 2 illustrates the technology jump from Phase 1 to Phase 2.
Specifically, a full-span 30 percent scale model of an NGC UCAV design was fabricated incorporating conventional
control surfaces on the left wing and smart control surfaces on the right (Figure 3). The model design provided sufficient
flexibility to accommodate both wind tunnel tests — the first test incorporated SMA actuated leading edge and trailing
edge control surfaces, and the second test included a high actuation rate trailing edge control surface actuated using an
innovative ‘‘eccentuator” design driven by ultrasonic piezo-electric motors. Model development is.discussed in Section 2
and: actuation system development is presented-in Section 3. Key test results are presented in Section 4 and summary
- remarks and technology transition plans are briefly discussed in Section 5.
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