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FLIGHT TEST OF AIRCRAFT THREE-AXIS ATTITUDE CONTROL WITHOUT
RUDDERS BASED ON DISTRIBUTED DUAL SYNTHETIC JETSY

Zhao Zhijie Luo Zhenbing? LiuJiefu Deng Xiong Peng Wenqgiang Li Shiging
( College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China)

Abstract The autonomous and controllable dual synthetic jet actuators were integrated into an aircraft with a
conventional layout and then, the three-axis flight tests without rudders were carried out to verify the ability of
distributed three-axis dual synthetic jet actuators to control the attitudes of the aircraft during the cruising. First of all,
the dual synthetic jet actuators were improved, and the distributed three-axis attitude control dual synthetic jet actuators
were created. Moreover, roll circulation control actuators were installed on the trailing edge of both-side wings close to
the wingtips, where their jet outlets were close to the pressure surface. Yaw reverse dual synthetic jet actuators, evenly

arranged on the upper and lower surfaces along the span direction, were respectively installed at the 20% chord of the
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wing close to the wingtips on both sides. Pitch circulation control actuators, whose outlets were also close to the
pressure surface, were installed on the trailing edge of the in-house flat tail under the V tail. Then, for an aircraft with a
cruising speed of 30 m/s, the three-axis attitude control flight tests without rudders have been carried out during the
cruising. Relevant flight attitude information shows that distributed dual synthetic jets could realize the three-axis
attitude control of the aircraft without rudders during the cruising. What’s more, the coupling has been shown between
the lateral and heading control. The two-way roll control of the aircraft could be realized by the roll circulation control
actuators, and the maximum roll angular velocity that can be generated is 16.87°/s. In addition, yaw reverse dual
synthetic jet actuators could achieve the two-way yaw control, and the maximum yaw angular velocity that can be

generated is 9.09°/s. Pitch circulation control actuators could realize the longitudinal control of the aircraft, and the

maximum pitch angular velocity that can be generated is 7.68°/s.

Key words
control, flight test
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Fig.3 Structure diagram of the yaw reverse DSJ actuator
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Table 1 Detailed size of UAV platform

Parameters Values
total weight/kg 18.9
weight ratio of actuators/% 6.1
span/mm 2400
wing aera/m? 0.732
leading edge sweep angle/(°) 4.1
on-side length of roll actuators/mm 260 (65 x 4)
on-side length of yaw actuators/mm 180 (60 x 3)

length of pitch actuators/mm 476 (59.5 x 8)

chord of wing roots/mm 370
chord of wing tips/mm 240
flight speed/(m-s™") 30
span of aileron/mm 345
span of flat tail/mm 546
chord of flat tail/mm 163
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