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Abstract: The problems of uncertainty modeling and model validation of a wing aeroelastic system are investi-
gated. The parametric uncertainties in structure are considered and both the parametric form and the unmod-
eled dynamic form which are used to represent the uncertainty in unsteady aerodynamic forces are discussed.
The linear fractional transformation (LFT) representation of an uncertain aeroelastic system is formulated to
perform model validation and robust flutter analysis. Easily computable tests in the frequency-domain for the
existence of a model validating set are given, and then a parameterization of the model validating sets is imple-
mented and the smallest uncertainty set is determined based on optimization algorithms, The influence is con-
sidered of exogenous disturbances and noise of unknown but energy bounded sources that actually exist in prac-
tice, and this could reduce the conservatism of the results. Finally, for an uncertain aeroelastic system with the
obtained uncertainty magnitudes, a robust flutter analysis based on the structured singular value theory is per-
formed to predict the robust stability boundary. Numerical results of the simulation demonstrate the validity of
the developed method.
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weight distribution

wet wg 't wp, *wo,/
e B K z Vib/(m e s71)

rob .

E33 Wc’Wx"E

Qo
1 2:1:1:1/ 0. 040 4/ 158.7/
211 0.045 7 159.5
9 3:1:1:1/ 0.049 7/ 158.5/
3:1:1 0.040 6 159.7
3 1:3:1:1/ 0.0217/ 157.5/
1:3:1 0.021 5 158.5
2:1:4:4/ 0. 028 6/ 153.0/
2:1:8 0.024 0 154.5

M 2 X G RE T B A E R
Pifi iR R, 2 B0 B R0 E MR = R
BREFEOGER, T B X R BB S ) 5
BT ERNERFTFHATER. XERAIERER
BREANSHARELBRAR B TREEIH S
X AN R A B SR A TR SO B A (EX
PR BE T ARG W, ARERR; FE
TR 5 REORTE A B 851 B B A0R, 15 B 5
RGSFHERES . AN 8BRS R —
EREM. BTHRAXR 1B ERBRKRTE
MR B BT A5 B B AR 3 B B BSE
BiREE. WHER 2 HKTHETAHEER
A8 58 W B8 70,3 ) o R R R R X T R
R 45 SR R B2 /D » AT DL B JB %ok I % S R ) 2 i
HARPR. WHRR 34 0K TRIEMS
h 3 AN 5 R W L 45 2R B o BR 3 R Y
BREFEEREMISOAHET, LHER
SHHRRER. BRENTESENERFIXR
REAGHE, HANSEREREBRIEALLRE
AETAHEEKR S, HREAB IR AT TR
o TRATFAGRERN EREFEMEE,H
FLHE 2 b 0 78 A X AR B BB TR, DR R
SEVEIRELE B Al Tt K3l 7 | B o B AR 3
H R R HL BB B, 2 BE K3l O AN B Y R A E A
RE/N T 53 BB AR A LA, oA B B iR 22 R AT B
3 BE 45 o B R 2 B8 5 el R URE B IR B BELJB B AR
M, BRARTHBREABMESR. AR 2T
RN SO R AL P Y LT R
(Trade-Off) f £ £¢ i) 182 B 4 A A1 B W0 3R 30
SRR, AT B H 56 AR A T g A B
SERM BT RE R SN KRR, IR ES
HITHRABGE

4

% %

(1) @i TH A SN B DA & 3 5 TS

FHRERERAE H], A RO T 88 BiiRA
SRS

() LEF,BEUHRAZHTREERSE—

ERERFE XFERTERFHILEREN
A ERRRAE DL S BRI AN B 7R R S G TR

2= SCHIRE B BRI J7 vk BE 5 o B R MR 40 BT A

BRI ABETE A T A RO A E PR,

(1]

2]

[3]

[4]

[5]

L]

(7]

[el

L9l

[10]

[11]

2 £ x W

Lind R, Brenner M J. Robust aeroservoelastic stability
analysis{M]. London: Springer Press, 1999.

Lind R, Brenner M J. Robust flutter margin analysis that
incorporates flight data [ R]. NASA TP-1998-206543,
1998.

Borglund D. The p -k method for robust flutter solution
[J]. Journal of Aircraft, 2004, 41(5): 1209-1216.
Smith R S, Doyle J] C. Model validation: a connection be-
tween robust control and identification[J]. IEEE Trans-
actions on Automatic Control, 1992, 37(7). 942-952.
Chen J. Frequency-domain test for validation of linear frac-
tional uncertain models[J]. IEEE Transactions on Auto-
matic Control, 1997, 42(6): 748-760.

Lim K B, Balas G J, Anthony T C. Minimum-norm model
validating identification for robust control[R]. AIAA-
1996-3717, 1996.

Lim K B, Giesy D P. Computation of LFT uncertainty
bounds with repeated parametric uncertainties[ C] // Pro-
ceedings of the American Controls Conference, American
Automatic Control Council. 1998. 1018-1022.

REN, BE. SSHARBREREIHEEERSEEBR
B s, 2003, 24(4) . 312-316.

Wu Zhigang, Yang Chao. Modeling and robust stability
for aeroservoelastic systems with uncertainties[J]. Acta
Aeronautica et Astronautica Sinica, 2003, 24 (4). 312-
316. (in Chinese)

REN, BE. ZRYESBERIOBIS MESELN
(7). MiZs23R, 2006, 27(4) :565-560.

Wu Zhigang, Yang Chao. Robustness analysis of static
aeroelastic systems with physical parameters perturbation
[J]. Acta Aeronautica et Astronautica Sinica, 2006, 27
(4): 565-569. (in Chinese)

REH, B2k YERERINEBRERITEN R
BEMS MR KFFHR, 2007, 39(6): 731-735.

Yun Haiwei, Han Jinglong. Calculation method for robust
flutter based on altitude preturbation[J]. Journal of Nan-
jing University of Aeronautics and Astronautics, 2007, 39
(6): 731-735. (in Chinese)

Yun H W, Han J L. Match point solution for robust flut-



2030

o=

¥ M

HE30E

[12]

[13]

[14]

[15]

[16]

ter analysis in constant-Mach prediction [J]. Chinese
Journal of Aeronautics, 2008, 21(2): 105-114.

RIEHE, Bk FRESIBVURENEEREEST
(7). wah TR, 2008, 21(4): 329-334.

Yun Haiwei, Han Jinglong. Robust stability analysis of
nonlinear aeroelastic systems[J]. Journal of Vibration En-
gineering, 2008, 21(4): 329-334. (in Chinese)

Poolla K, Khargonekar P, Tikku A, et al. A time-domain
approach to model validation[J]. IEEE Transactions on
Automatic Control, 1994, 39(5): 951-959.

Lim K B, Giesy D P. Parameterization of model validating
sets for uncertainty bound optimizations[J]. Journal of
Guidance, Control, and Dynamics, 2000, 23 (2): 222-
230.

Lim K B, Giesy D P. Structured uncertainty bound deter-
mination from data for control and performance validation
[R]. NASA/ TM-2003-212441,2003.

e, ST, BB, [SSBERITEMIMIL dbx.
Jb 5T 28 A R K2 B iR, 2004,

Chen Guibin, Zou Congqing, Yang Chao. The basis of
aeroelastic design [ M]. Beijing: Beijing University of

Aeronautics and Astronautics Press, 2004. (in Chinese)

[17] MSC. Nastran 2005 quick reference guide [ M]. Santa
Ana, CA: MSC Software Corporation, 2005.

Balas G J, Doyle J C, Glover K. MATLAB . analysis and
synthesis toolbox user’ s guide[ M]. Natick: The Math
Works Ine, 2001.

(18]

A
HTAE(1984— )
%,

Tel; 025-84896484

Z,MEHEE, EEHRT A KM%

E-mail: poundnuaa@qq. com

BEE(1952— ) B84 88 @LERW. BRI M.
SpHMEIE R N EREAHNESERS,
Tel: 025-84896484

E-mail; hjlae@nuaa. edu. cn

RgH(1981— )
N
Tel; 025-84896484

H,@EprEs, ERBFETR. S ME

E-mail; laoyunl2@yahoo. com. en

(%45 4G T )



