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Aecrvelastic Stability Analysis of Bearingless Rotors
with Composite Flexbeam in Hover

In-Gyu Lim*, Ji-Hoon Choi**, In Lee”, and Jae-Hung Han'

ABSTRACT

The aeroelastic stability analysis of composite bearingless rotors is investigated using a large deflection beam
theory in hover. The bearingless rotor configuration consists of a single flexbeam with a wrap-around type
torque tube and the pitch links located at the leading edge and trailing edge of the torque tube. The outboard
main blade, flexbeam and torque tube are all assumed to be an elastic beam undergoing flap bending, lead-lag
bending, elastic twist and axial deflections, which are discretized into beam finite elements. For the analysis of
composite bearingless rotors, flexbeam is assumed to be a rectangular section made of laminate.
Two-dimensional quasi-steady strip theory is used for aerodynamic computation. The finite element equations of
motion for beams are obtained from Hamilton’s principle. The p-k method is used to determine aeroelastic
stability boundary. Numerical results are presented for selected bearingless rotor configurations based on the
lay-up of laminac in the flexbeam and pitch links location. A systematic study is made to identify the
importance of the stiffness coupling terms on aeroelastic stability for various fiber orientation and for different
configuration.
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Fig. 1 Bearingless rotor blade configuration.

A7t W 253 H4gojth. Hong® Chopra[9]E XA
H B olEE o]8¥ AR mPA Fuoly 29E] F
4 AN E Bato BRASS T2 Aol TEE U4A
48 AE A2 T FUdE MHE £ UsE HAFY
o Iy diE RolES ol&d 3

T o) ETEH TEA AT A}eil

%9 fedng 2o
Fas fene
o fx wu 44 gee
E‘E'“o]':‘:‘ o oo
oA e @5l
Aepept ey
%71 g,
19 Bete 290 48 37
Asac Fey 4492 93]
sgom, fane 4373 3
go) FHloly 2B Al2E9
Qe ohugil

1
)

X,

T

b

=

({4

o
38

~ OH
S

=
B
i

a of oX

T 1

5 o
2
2
o
oo
o{l
L

o o g
2
% o
e
&
>
o

2. o] A
21 238715t

27 287 WEYL 21 A 45 0 2 st
A ol WY AT SIS G2 Fig 29 Yok el

AR EA tha] dAT £ = pR Qﬁﬁ}i %l‘“ 7]EJ}E7—ﬂ
9] g dE] ol G HE e, e, 3 Ao oo} ot

Ax Hel F& wpE 7|EHel FAabH l°1 NE -’F”Jrsifﬂﬂml
e 7|F4 9 HAANEL e, e Sl GHE ZH7} vEPACH



H1TH B 3 ¥ 2004, 6

Fig. 2 Geometry and coordinate systems of a rotor blade before and
after deformation.
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Table 1 Bearingless rotor blade and material properties
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ay 5.73 Ply Thickness (in) 0.005
Cuo 0.01 E, (Msi) 20.59
o 0.1079 E, (Msi) 1.42
Y 8.357 Gy, (Msi) 0.87
K, /mQ'R 58.606 Gy (Msi) 0.47
d/R 0.03111 Vi 0.42
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Fig. 8 Lag damping vs. roter speed for balanced layup.
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Table 2 Structural properties of elements for 817 RPM (7, =0.011b,, /in g =0")

Léngth Flapwise Chordwise Torsion Mass Torsion inertia
Element 4R 1 [m@' R ET im0 R® GJ{mrR mfm, K2 /R
1~2 0.2 0.013398 0.02002 0.023945 0.8069 0.0000870 Torque Tube
3~5 0.2 0.0000197 0.02822 0.00003892 2.349 0.0001808 Flexbeam
6~10 0.8 0.005108 0.18549 0.005395 1.5714 0.0005578 Blade
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