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Model of rotor aeroelastic stability using dynamics
of flexible multbody systems
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Abstract: Aeroelastic model of rotor was developed using dynamics of flexible multi-
body systems. The modeling of components of rotor was independent, so different rotor
configurations can be modeled and the model was appropriate for new configuration rotor
aeroelastic analysis. A large deflection beam model, suitable for aeroelastic analysis of ro-
tor, was incorporated. To simplify the form of constraint equations, dynamic equations of
component including a joint were deduced. To avoid singularities for large rotations, the an-
gular constraint equations, expressed by Rodriguez parameters, were modified by intro-
duced a nominal motion. To verify the correctness of the developed method, the aeroelastic
analysis of helicopter rotor and influence study of blade structure parameters were implemen-
ted. It demonstrates that the method is very useful for improving computation precision of

aeroelastic stability.
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1
Table 1 Structural parameters of blade
/mm /(Nem?) /(Nem?) /(Nem?) /(gem™ ") /(gem)
1 85. 34 18. 80 110.9 9.163 275.3 0.116
2 85. 34 18. 80 110.9 9.163 275.3 0.116
3 85. 34 18. 80 110.9 9.163 275.3 0.116
4 205.7 26.68 1107 20.93 469. 7 1.97
5 528. 8 22.19 701.6 10. 90 303.1 1. 80
6 528.8 22.19 701.6 10. 90 303.1 1. 80
7 528.8 22.19 701.6 10. 90 303.1 1. 80
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2
Table 2  Structural parameter of rotor
/mm /(Nem?) /(Nem®) /(Nem®*) /(gem 1) /(g+m)
1 5.096 5032.1 5053.3 1396. 6 1026.8 35.618
2 5.096 5032.1 5053.3 1396. 6 1026.8 35.618
3 75.77 2481.1 2481.2 10816 9770.3 616.19
4 50. 96 18.676 6.1467 0.24823 40. 239 0.51646
5 50. 96 18.676 6.1467 0.24823 40. 239 0.51646
6 62.24 143. 74 143. 74 287.59 5329.3 186. 99
7 331.1 6.5014 177.43 3.4279 134.58 1.6206
8 331.1 6.5014 177. 43 3.4279 134.58 1.6206
AFDD o
, FtERR | Hent
, s 5
BIEE
2 1 2 3.4 5 6 ’
b b b b b % / q;:lrﬂi%
7 8 iy
7 O  BREE
' M ah
1 .3 : Il i
1 , 2 7
Fig. 7 Structure of bearingless rotor
, 1
1 ,
b b b
b
N ~ ) - )
b 6 b b
8 Chopra ,
) - ; 6 .

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 1129
4r N
o KB ! > >
— A A
— = Chopra} |& /
3L % (r‘hnp”]” ,Jrﬁ /. 9
?Ei Qo b 2
E 2t ;
B
1 L
6 r N
— HefifE
N sLo - - subRiEK e
-4 -2 0 2 4 6 — - - TR /2
SEBEF1/C) T 4
(o) B 4 ERT s .l
=
S
4r B 2F
o A
— A FHE Ly
3l — - = Chopral | 55{E oL . . . . . . .
%: . -4 -2 0 2 4 6 8 10
= ; LA A()
Boat ; R = )
= : (a) ZBHFCRLAT M FEXHEARBE 2 520
=
& .
1F
—
sI - 2 mmeEg K
- - ORI ’
0 L L L L L ) = ’
4 22 0 2 4 6 T 4T
B pHA =
,wfllfﬁ/( ) D 5l
(b B AT 2 =
|
o
4 N
° IRYH
_ZIRSC‘H“%‘{E 0 L L L L . L L y
3| ——Chopraif#fE 4 -2 0 2 4 6 8 10
=] BEEHAC)
= O 5 N =
E ) o (by e BT X AR JE R i
=
e 6
B — HfEE
T S
- - 27N P
T 4r e
0 1 L 1 1 L L L ) E’
-4 2 0 ‘ 2A 4 6 8 10 B 3l
SR/ =
(0) BT AU 1 = 2f
8 1k
Fig. 8 Damping of lag motion vs. pitch angle 0Ll . . . . L L )
-4 -2 0 2 4 6 8 10
4 H (e}
6(b) 2 1 . wﬁ'j’?’“ :
{c) 22N - TR JEARBEJE 52
CAMRAD JA ,
Chopra L1l 9
Fig. 9 Lag damping with different
’ structural parameters
R Chopra 9(a)
8(C) ’ ’ ’



1130

27

(1]

(2]

[3]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

9(b)

9(c)

D

2) N ;
3) ,

4)

Lim I G, Lee I. Aeroelastic analysis of bearingless rotors u-
sing large deflection beam theory[ J]. AIAA Journal,2007,
45(3) :599-606

Hopkins A S, Scientist R, Ormiston R A, et al. An exami-
nation of selected problems in rotor blade structural me-
chanics and dynamics[ J]. Journal of the American Heli-
copter Society,2006,51(1):104-125.

Bir G,Chopra 1. University of marrland advanced rotorcraft
code(UMARC) theory manual[ R]. UM Aero Report, 92-
02,1992.

[4]

[5]

(7]

L9]

[10]

[11]

[12]

[13]

[14]

[16]

Chopra 1. Dynamic stability of bearingless circulation con-
trol rotor blade in hover[ J]. Journal of the American Heli-
copter Society,1985,30(4) :40-47.
Saberi H, Khoshlahjeh M, Ormiston R A. Overview of
RCAS and application to advanced rotorcraft problems
[C]// Proceedings of AHS 4th Decennial Specialist’s Con-
ference on Aeromechanics. Washington DC; AHS Interna-
tional, 2004 :452-471.
Johnson W. Rotorcraft dynamics models for a comprehen-
sive analysis[ C| // Proceedings of AHS 54th Annual Fo-
rum. Washington DC; AHS International,1998:452-471.
[l +2006,21(1) :36-40.
HAN Dong,GAO Zheng, WANG Haowen, et al. Analysis
of the computational method and the helicopter blade char-
acteristics with coupled rigid and elastic motions[ J]. Jour-
nal of Aerospace Power,2006,21(1);:36-40. (in Chinese)
[D].
,2009.

DENG Jinghui. Helicopter advanced rotor aeroelasticity
stability research [ DJ. Nanjing: Nangjing University of
Aeronautics and Astronautics,2009. (in Chinese)

[l ,2011,
43(3):312-317.
YU Zhihao,DONG Linhua, DENG Jinghui, et al. Analysis
and experimental study on aeroelasticity of rotor with spe-
cial-shaped blade using large deflection theory[ J]. Journal
of Nangjing University of Aeronautics & Astronautics.,
2011,43(3):312-317. (in Chinese)
Shabana A A. Dynamics of multibody systems[ M]. Cam-
bridge: Cambridge University Press,2005:59-62.
Leishman J G. Principle of helicopter aerodynamics[ M.
Cambridge: Cambridge University Press,2006.

(M.
,1996:274-299.

Hodges D H. Nonlinear composite beam theory[ M. Vir-
ginia: ATAA,2006:262-269.
Maier T H. Aeroelastic stability for straight and swept-tip
rotor blades in hover and forward flight [ C] // Proceedings
of AHS 55th Annual Forum. Washington DC: AHS Inter-
national,1999:1031-1047.
Maier T H, Sharpe D L. Fundamental investigation of
hingless rotor aeroelastic stability [ C] // Proceedings of
AHS 51th Annual Forum. Washington DC: AHS Interna-
tional ,1995:1176-1190.
Maier T H, Abrego A 1. Analytical model sensitivity study
for aeroelastic stability of straight and swept-tip rotor
blades [ C] // Proceeding of European Rotorcraft Forum,
26th. Netherlands: The Hague,2000:70(15 pages).

http://www.cnki.net



