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Vibration Reduction of Composite Rotors with Tailored Couplings

Yu Jin, Luo Yu., Liu Yong

(National Key Laboratory of Science and Technology on Rotorcraft Aeromechanics, Nanjing University of

Aeronautics &. Astronautics, Nanjing, 210016, China)

Abstract : Four sets of Mach scale rotors of SA349 helicopter are designed, and four kinds of coupling dis-

tribution scheme are obtained by adjusting the ply angle and its distribution of the composite spar of

blades. The full-coupled finite element beam model with 19 DOFs is selected as the structure model.

The programmed aerodynamic force of the blades is based on SA349 helicopter at flight status 2. The vi-

bratory hub loads of the rotors and blade root vibratory load with different couplings are calculated, and

the effectiveness of composite tailored coupling in the helicopter vibration reduction design is validated.
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Fig. 1 Top view of different composite tailored

blade configurations
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Tab.1 Parameters of composite model rotors
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Fig. 2 Chordwise structure model of blade section
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Tab.2 Layups of composite blade components

e [T IRAER
G 2% -
3 e L%:[ilS j&T@ﬁE:[—FlJ ]S
EMARIAR L (157 F e 157
FaRI R ReE 157 T L157]
b b [+157]
WA 33 3% i i B T4 )
1 A A Rt e
B b /880 B SRR

B R A

2 REBRBHETHITE

2.1 HBEREREMHERTIEBREFTHEEITE
SR v AR I SR S R o M i B T 3 A

KB E 0o ARG, PR 197 el B0

PRI XS )y AL BT N B L R R AR

HLL AR B M 2R AT fy 2R 09 UL 45 B 5

DIA M. K AiRs A m R R g, Fe i

Coupling stiffness and principal stiffness of composite tailored blade versus ply angle of D-spar
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Tab.3 Non-dimensional blade rotating frequencies

for all rotor configurations

A NO-coup PO-coup NE-coup TRI-coup
PR B 0.341  0.341  0.341  0.341
PSR — B 1.056 1.056 1.056 1.056
W 2.335 2.323 2.310 2.310
4 B 4522 4.450  4.354  4.398
LG — B 4.692  4.662  4.673  4.679
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Fig. 4 Third flapwise mode shape of composite rotors with different couplings
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Fig. 5 Time histories of blade root vibratory loads
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Fig. 6 Generalized vibratory hub loads of each set of rotor
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