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Natural vibration analysis of bearingless rotor blades

LI Xue-chang, LI Shu

(School of Aeronautics Science and Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Natural vibration characteristics-of bearinigless rotor blddes design were inves-
tigated by transfer matrix method, ~and the natural {requencies of blade vibration were calcu-
lated with a fixed or'spring restrained torque-tube end.—Cotpling of pitch/lead-lag was also
considered. Parametric studies were performed to-examine the effects of several model pa-
rameters on vibration natural fréquenciess Some flapwise and chordwise bending mode
shapes were revealed. The results indicate that pitch/lead-lag coupling of the torque tube
end has little influence on/natural frequencies, the pitch angle of blade has complex influence
on natural frequénciess” and the distance of mass center {from elastic axis has slight influence

on high naturalfrequencies.
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Fig. 1 Strutture-diagram of bearingless rotor
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a three-load-path end
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Table 1 Blade parameters

S8 Vel 24 HfE
R/em 660:4 z/cm 8
l/cm 165. 1 EL,/10" (kg/cm®) 0. 209
0/ 15 EI./10* (kg/cm®) 0.703
e/cm —1.5 GJ/10" (kg/cm®) 0.141
ki /cm 1.9625 EA/10" (kg/cm?®) 0.703
kuwz/cm 13,1165 |m/10 °(kg *» s*/em?) 0.1055

HEGIE Matlab 2 77, 5 BOCCHR 8 1 B 2 8L
BRI T RT S B [ A AR b 0 AR Ak, O

5 SCHR R R 25 R AT T b B W) A R R AL an
3 .
500 ==z
— Istihizt
400 |~ 2ndB

IrdfiE
- 4thiids
o Sthibi %

o360 r/min

200 300 600 800 1000
&k (rfmin)

K 3 522 0k EdE 0 xT t

Fig. 3 Data coincidence with reference documentation



1242 oz @ h % R 5 26 %
R PRI FR A [R) 8) A 7 20 CRIEL 2 vp i AR b 100
HOAS [) (%) 85 (D) BF s R A 22 1 2 i ARV 5% 1] Cy % Eg
=
J7 18] 43 A B 1 15 32 [ A 800 % U AN ) (= 5 [a)) £ 40
. - . -
O3 A B AR /N, W0 4 BT, (B — R A 5 2. & 20)
y=1,2=0,%=—3,%=0,y=—1,%=0.5 0 2(')0 200 660 300 7000
TR A TRy =0, =2, % =0,5=—2, 5541/ (x/min)
(a) S5 1S
y;;:—laz;;:O.) 120
150 . . . ?E 100
—_ a5 R R R );p-' ﬂ‘ﬁl’%?liﬁﬁl‘& - i 80
Z 100 e R Vg s e ::?
R A 1 [ S =60
?"" sofb—— 40 . .
= ) N 0 200 400 600 800 1000
h H— RIS FE (v/min)
200 200 600 800 1000 200 ﬂ-)ltﬁzm M:
FETH/(r/min) =
300 . (a) Jﬂ‘l )FM‘EM?{Q.‘& , % 150
— 250 G REART RS 0 -FI'?FW«I‘?THEI;@__,,,.»-'-" 5 00
E 2001 s fmamphcs \ I
§ 10 = % 300 L 400 . 600 | 809 1000
= 100} B o — R 3R 3/ i)
- : : . ) AR
007200 400 600 800 1000 300 WEEUL &
3/ (v/min) —0=0
(b) FEIFIEEAF R g 250
£ 200
Bl 4 Z2 M GRS TR) B AR A7 B X 361 AT A0SR 52 il 5
Fig. 4 Influence of different positions of torque tube & BOpr—=

to natural frequencies

H1 P 5 AT BT SR FHASE 4 v Y 2 AR T A 1
 F B0 F B8R [ A A A AR S L H R R
B R 2B 8,0, —8cem.

300
?; 200F  CBABPLE M’_{; R
S lEAs L s
ol (V] [ s
I e —— e

| MRS

0 200 400 600 800 1000

HE30/(r/min)

100 - - - -
0 2000 400 600 800 1000

&34 (vfmin)
(d) 4Bl

P 5 AR /AR 5 2R O [ A A5 5 Y 5 )

Fig.5 Influence of pitch/lead-lag to natural frequencies

SERESICI S I S N 2 D0 R 1 N i R S e ]
SO OS2 X 1 AR 2 AT R X 114 A0 4% 5 i A
IR e 3 DX B A A A AT 5 2 B A S I IX
AR B R A AR R XA 53 B RS S 2
W R 2 R AR B 5 4 B A5 2 S B A R, AR
151 s {EL SR 7E H XY 5 e AN K.

T FTIRA e fH (BT 2 3 S5 Bl 2k 110 R )
XPHT 4 B B2 [ A 45 22 0 5 e AT LLE AN [ i
efi(e=1.5cm,e=0cm Ml e=—1.5cm) XK

[l 6 ANIRI S M 0K 4 B ASE S [ A 2 1 52 )
Fig. 6 Influence of different pitch angles to first four

natural frequencies

150
)
< 100f 1
g BB wf/f
£ sof S
= LR
0 200 400 600 800 1000
T/ (rfmin)
(a) SR 2BBiA
300 — T -
— e=1.5cm
—~ 250 e=0cm A
? 200 e=—1.5cm| CR4BTEIE
5 150
= 100
50 s - - '
0 200 400 600 800 1000

FE3 (v/min)
(b) HE3FEAR B

B 7 AR e X R 4 B2 [ A 4505 14 52 il
Fig. 7 Influence of different e to frequencies

of first four modes



5 6 0]

TSR AR TGl R SURE 3R [ A AR Sl A 2 1243

e
HBE A [ A 00538 5 ) AN K, % e B 8 S [ A AR A
S B JE AN 2R 5.

Kl 8 7R o e — HF 2 5% 3 (600 r/min) T, Jf:
HIt ATER 2B /42 IR 5 CEERE R =38
cm) I AUASE SR AL, (& 2 s #5888 O 81 6if 3 B
FEIR Ty 1 H 2 B R 2

1.0 ’ . . y
0.5} o
= "
= o
U
_().5 1 1 L 1
0 0.2 0.4 0.6 0.8 1.0
/R
0 feosspizisomecn: -
i
-0.5 L L . L
0 0.2 0.4 0.6 0.8 1.0
/R

“0 0.2 04 0.6 08 o
R
(a) Bl 3 W47 BE A A 4R 7
(EAT B SR s Va2 BRI 36 )

TRz ] Z
1o | M | s\ S\ I
o n g "-\ ey ; -

05} - G —: 1

"-2' I R Y e T R R

155 0.2 0.4 0.6 0.8 1.0
xR

(b) 1] 2 2R A 4

A8 MAIRAY
Fig. 8 Mode shapes

4 % g

AR SCR A 18 R0 1 7 3 20 1 L 20 () 6 il 7K
ABE R A [ IR 3l e 1 5 08 T %Ak B2 A A ()
(i AR D0, K A AR 1) 2 TR 2R 0 20 D T S
145 28 54 24 SR 21 Dy 4 R0 24 RN A T AR
R /AR ARAR A B W BT 2 T — T B

OISR AL, T R R AL AR ek T LT
T Tl R e 32 2 it i [ A AR sh AR, B R
AR BT R A 3 I 5 L R 1 B R AT
FCAUARFR 24 3R A% AF 10 e 345 A LR L L T L 3 mT
AAR 2% 5 R AR % B /42 IR M & LA B3 B/ 423k /
AREEHE S B IBTEN.

S 3k

[1] skmess. EIHLEh 2t [M]. db st i ss Tolk At
1995.

[ 2] Fenaughty R R,Noehren W L. Composite bearingless tail
rotor for UTTAS[]J]. Journal of the American Helicopter
Society,1977,22(3) :19-26.

[37] Dixon P G C,Bishop H E. The bearingless main rotor[ ] ].
Journal of the American Helicopter Society, 1980,25(3)
15-21.

[4] Byrnes F E,Krauss A T. Composite flexbeam for a bear-
ingless helicopter rotor: US,5096380[ P . 1992-03-17.

[ 5] Friedmann P P. Rotory-wing aeroelastic: current status and
future trends[ JY. AIAA Journal,2004,42(10):1953-1972.

[ 6 J7 Murthy V R, Shultz L'A. Linear and*honlinear dynamic a-
nalysis of redundant load path bearingless rotor systems
[R]. NASA CR-197220,1994.

[ 7] Lee A,¥uan K\ Liu S L. A modified transfer matrix meth-
od for linear rotor-béaring systems[ J ]. Journal of Applied
Mechanics, 1991,58(3) : 776-783.

[ 8] Murthy V R,Joshi A M. Free vibration characteristics of
multiple load path by the transfer matrix method[J]. Jour-
nal of American Helicopter Society,1986,31(4) :43-50.

90 mepide, mamak, JRIRAT 55, AR HE /42 4R A8 & 0 J FHHLas oh
FeyR e M2 [T, v B TAERL A, 2007,9(9) 1 58-62.
XUE Haifeng, XIANG Jinwu, ZHANG Xiaogu, et al. In-
vestigation of the influence of pitch/lag on helicopter air
resonance stability[ ] ]. Chinese Engineering Science, 2007,
9(9) :58-62. (in Chinese)

[10] Houbolt J C,Brooks G W. Differential equations of motion
for combined flapwise bending, chordwise bending, and
torsion of twisted non-uniform rotor blades[ R]. NACA
TN-3905,1957.

[11] Jang J,Chopra 1. Ground and air resonance of bearingless
rotors in hover[ R]. Monterey, CA: Structures, Structural
Dynamics and Materials Conference, 28th, and ATAA Dy-
namics Specialists Conference, Technical Papers, Part 2B,
1987:1068-1084.

[12] Sivaneri N T, Chopra 1. Finite element analysis for bear-
ingless rotor blade aeroelasticity[]J]. Journal of American

Helicopter Society,1984,29(2) :42-51.



