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Fig.1 Open chain “knuckle” mechanism model
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Fig.2 Watt-type six-bar mechanism
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Fig.4 Watt’s six-rod mechanism model
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Table 1 The range of values of each rod in Watt’s
six-rod mechanism
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Fig.5 Iterative process diagram for optimization of open
chain triple rod mechanism
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each parameter

FFK/mm A I3 I3 I I, Iy
B 60 12.45 43.12 21.92 114.6 43.35

FARE(°) 2 ?, ?; 0, — —
Hf 34.57 82.78 62.85 153.9 — —

AR WA 6 /R, AT LR R aR 7 B A F s o7 B -S4
BEARZS T B IMAI L P 2 E A AT AT 20K,

-400
—-440
g
E -480 |- 1
E
-520 +
-560 t A .
2840 2880 2920 2960 3000
y/mm
(a) WIRLE
-440
£ —-480
g
=
=520
=560 |
2840 2880 2920 2960 3000
y/mm
(b) RALE

Ko LR RIS S

Fig.6 Position of Watt’s six-bar mechanism movement
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Fig.7 Nodal variable density model
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Fig.8 Boundary conditions and design area of flexible clamps
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Fig.9 Flexible clamp iterative process for unit variable density
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Fig.11 Volume and objective function convergence process

B SO . WIRRLRS . SN
1
T RA T

!

SRAFAVLR I LR

!

TR IE

N7 T )AL A <M BE

| ik (ks |

1
12 JUEL MR g i

Fig.12 Flow chart of geometric nonlinear solution
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Fig.13  Clamp topology optimization deformation diagram
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Fig.14 Boundary conditions and design area diagram of

flexible wing
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Fig.15 Optimal shape of a wing trailing edge under two
flight conditions
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Fig.16 Topology of the wing
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Fig.21 Deformation diagram of wing trailing edge displacement
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Table 4 Known parameters of the crank-slider mechanism
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Fig.24 Slider travel distance change relationship
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Design Method of Trailing Edge Structure of Rigid-flex Coupling Variable
Curvature Wing Based on “Knuckle” Drive

Ge Wenjie, Zhu Nannan, Ding Shicong, Zhang Chi, Wang Chengmin, Jiang You
Northwestern Polytechnical University, Xi’an 710072, China

Abstract: The current deformed wing driven by rigid mechanism is prone to the phenomenon of non-smooth
deformation of the skin. The deformed wing designed by the flexible mechanism has a smooth skin curve, which
enhances the stability and maneuverability of the aircraft, but it is difficult to satisfy the double optimization of
deformation and load bearing. In this regard, based on the design idea of “knuckle” -driven bionic rigid-flexible
coupling, a three-“knuckle”-driven rigid mechanism of the trailing edge of a variable curvature wing driven by a six-rod
of the Watt | type is designed. A topology optimization method of the flexible mechanism that can withstand
aerodynamic loads and smooth deformation is also established. Firstly, a Watt | six-bar maneuvering mechanism
driven by a single motor is designed. Then a variable density topology optimization method for the trailing edge of a
deformed wing with “knuckle” type drive is improved. Next, a flexible trailing edge drive mechanism with three
“knuckle” type rods is solved and presented. Finally, the optimized model is simulated with rigid-flexible body
dynamics, aerodynamics and fluid-structure coupling. An experimental platform and a prototype model are
constructed to demonstrate the feasibility of the flexible deformed wing and the effectiveness of its design method
from both simulation and experiment perspectives.

Key Words: rigid-flexible coupling; flexible mechanism; topology optimization; morphing wing; fluid-structure coupling
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