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Preliminary Study on Development of Length-Variable Rotor Blade for Unmanned
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A preliminary study on a length-variable rotor blade for a small unmanned helicopter has been
conducted. After surveys on previous researches, and examining requirements for application to
a small unmanned helicopter, a length-variable rotor blade was designed and manufactured to be
driven by centrifugal force from rotor revolution with no mechanical actuator. The rotor blade was
divided into a fixed inboard section and an outboard section sliding in span-wise direction. In
order to determine the operating conditions of the length-variable rotor during revolution, and to
derive the design variables of extension spring and rofor weight, a series of analyses from multi-
body dynamics solution were conducted. The manufactured prototype was verified of its length-
varying mechanism from a rotor stand, the results and required future improvements are
discussed.
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RPM = Revolutions per minute TF AANARE BHoz 4% FAdFH
m_ = Weight of outboard rotor blade o sjdte] ks AYPHm kP FHojFFol
¥, = Radius of rotation 7bedt ey FRI%ITIE EFE FAE
@ = Angular speed degs € vn, 5RF9 FFAHAA Yoz
k = Spring constant ZAAFE FokllA B4 45E RAgFET. FgA
u, = Extended length of spring oy FRlaE77t nAg el v B e 8
d = Wire diameter of spring TEHo| A7 wWFe EEAIZE Aol A=
D = Mean coil diameter of spring AL E ¢ Aok FA9Y vd@A= 1A 25
N, = Number of active coils & Eoj&gy] A FFHEN ol AAv L
G = Shear modulus Ag FHE A7 Y8 FHo] saFHER
nAd wa] e d8E ARSA Hi, A
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Fig. 2 Scheme of length-variable rotor blade
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Fig. 4 Simple dynamic model of the length-variable rotor
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Table 1 Tensional spring specification

Item Unit Spec.
Spring constant N/mm 0.025
Wire diameter mm 0.5
Shear modulus GPa 80
Mean coil diameter mm 5
Number of active coils No. 200
Pre-tension of spring N 0~3.5
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Fig. 7 Prototype of length-morphing rotor blade

Fig. 8 Rotating test scene : retracted
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Fig. 9 Rotating test scene : fully extended
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