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Aeroelastic Stability Analysis of Composite Bearingless Rotor Blades in Hover

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

Key Words : Composite, Bearingless rotors and Aeroelasticity
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 root. For
the analysis of composite bearingless rotors, flexbeam is assumed to be a rectangular section made of
laminate. Two-dimensional quasi-steady strip theory and Loewy’s aerodynamic theory with the lift deficiency
function are used for unsteady aerodynamic computation. The finite element equations of motion for beams
are obtained using Hamilton's principle. Numerical results of selected bearingless rotor configurations are
obtained for the lay-up of laminae in the flexbeam and pitch links location.
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Fig. 1 Bearingless rotor blade configuration.
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Fig. 2 Geometry and coordinate systems of a rotor
blade before and after deformation.

Q,J{O O}Q:O "
g 0

714, Q={F MIT: W& T HEAA v
Boggdy 3 meER o]Fo]x wWEot) § &
skew-symmetry Zo|H, 43S 2 XY Fggr
2 2aysy tea e 93 hE fEas

AN S 4 7 Uk

[} =[]} - [E]{T}+[L] (¥}

2322k HIAL F719

H A £58 3l 2 2 odd ds] =1
(plunge) 2 3 X (pitch) WFoz zeNET u)
WA E = 359 d3S 113k Theodorsen ©] &
S Ao w7 A7tel] whel HEkE o
AHs =S 243k Greenberg?” o] 2o 93 F-
A w718y 298 W uAY ASSF

(returning wake)oll <&J%F <3d¢S 23k Loewy
o] 200 o3t AAHE 2 Y F7HE A
AREslTE Edlol=e nAE Wy F FHi
oA e Y &£ QRS SAdE=S
FEEES] For o3 #Zol ody WS

o yEbd = qdh



Ug U —QR,,

Up Uz +QRA
A71M Up & AW, Up = BAYE, U, =
FANE S RS e, gt BAEE
¥, Ryt WY F wuel glele] AgelAe
AAME AR etk U8 4 = 495
% oy, 7F Mol 0.75R 9l A MM HEZ A
g3te] 44 79 REE o Erha ekl the
4g o] gakerO

oay . 24
. =———sign(@ 1+—|4 -1
4 16 an( 0.75R)|: o-a0| 0.75R| } (7

24 ¥|AE §e4 AuiA A
Hyole, Hddr gl ESH FEHE= 7tz

7)
S = O = 2=
H 4R 7Y g ey, f3ase] 4

+
4714, M(q)E A% A, G(q) & Aoz
= (gyroscopic) 4] A&, P(q) = W I HE,
P (q) = 948 WE, Akq) 2 Py(q) = WA
F 3719 WMEE 727 YERd

[

o Mo
20y
2 o & o=

N

2,

QL

I3
of of uo [»
(N o g
oX, i

9

)

%
R / o},
S5k 371 Wl vjg Luksre
E_
4

g Y Eool23 2 A

Damping (sec™)

Collective pitch 6 (deg)
(@) (b)
Fig.3 Lag damping as a function of collective pitch.
(a) leading edge and (b) both pitch link

Collective pitch 6 (deg)

d
=2
bl
-
)
9
ol
fru
o
a
>
>
fati)
Lo
of
uu)
ox
o,

o
=
o
=
oX,
:oé
>

[o
Ao
rot
fru
o
o
ifu?
=
o
[
lo

AD7} B ze] BEA X Table 1 3 2t} o uf
= T [0g/(26)5/(+45)5], Q1 balanced

layup ¥ 23, 5 H@-HEH Aol EAIsHI
g, 4R AZ7te] o0 Y Aol "E) /1
o, =5-E Al2=ES -

Table 1 Bearingless rotor blade and material properties.

Rotor Blade A@Z}?ggﬂ 6

Np 4 Length (in) 7.2

R(in) 36 D (in) 0.18

C/R 0.0847 Width (in) 25
a, 5.73 | Ply Thickness (in)| 0.005
Cyo 0.01 E, (Msi) 20.59

o 0.1079 E, (Msi) 1.42

/4 8.357 G,, (Msi) 0.87
K, /mQ°R | 58.606 G,; (Msi) 0.47
d/R 0.03111 Vi 0.42

e 1% 0 Vo3 0.5
05 (deg.) 4 p(lb, /in®) | 0.0522
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