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PARAMETRIC AEROELASTIC MODELING OF FOLDING WING BASED ON
MANIFOLD TANGENT SPACE INTERPOLATION

Zhan Jiuyu Zhou Xinhua Huang Rui®

(State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, China)

Abstract The parametric aeroelastic modeling of a morphing aircraft is a hot topic in the research field of morphing
aircraft design. However, the traditional non-parametric aeroelastic dynamic modeling methods have some problems,
such as low modeling efficiency and complex aeroelastic analysis for for aeroelastic research of morphing aircraft with
structural parametric characteristics. In this paper, a parametric aeroelastic modeling method of folding wing based on the
tangent space interpolation is proposed. Firstly, based on the structural finite element models of a folding wing at several
folding angles, a parametric structural dynamic model of the folding wing is established by tangent space interpolation.
Then, the parametric unsteady aerodynamics is computed by the Doublet Lattice method. At last, the parametric aeroe-
lastic model of the folding wing is obtained by coupling the structural dynamics and unsteady aerodynamics. To verify

the accuracy of the parameterized model in the aeroelastic calculation, a small aspect ratio folding wing is taken as the

2020-10-28 Wi fi, 2021-02-09 7, 2021-02-09 M%K%
1) B R B AREIE S B IIBE (11972180, 12022203).
2) T, B, LB T T I AT RSB )% 5454, E-mail: ruihwang @nuaa.edu.cn
SIS A, JEX A, T8l BT RIB D)2 AR E N & S B B #1254k, 2021, 53(4): 1103-1113
Zhan Jiuyu, Zhou Xinghua, Huang Rui. Parametric aeroelastic modeling of folding wing based on manifold tangent space interpolation.
Chinese Journal of Theoretical and Applied Mechanics, 2021, 53(4): 1103-1113




1104 al 2 = i 2021 4F 5 53 &

research object. The dynamic characteristics including the natural frequencies, mode shapes, and flutter boundaries at
different folding angles are efficiently calculated. In addition, the numerical results computed via the present parametric
method are compared with the direct non-parametric method. The demonstration shows that the results from the para-

metric aeroelastic model is consistent with the direct method for the aeroelastic problems and has the advantage of higher

calculation efficiency.
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Fig. 1 Configuration of folding wing
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Fig. 2 Morphing process of folding wing

NN Rr S CEETE= X IR=AE PP
%

MIB R WIBERERE, SR8 T4k 45 Ak 224 15

B BRAEMBN S ITREIT
M©)i(1) + K@)x(r) = 0 4))

A, 0 B A1, M) 3T B IR FRIERE, K©0) 2
P18 B NIBEFERE, x(r) € R* NW)ERALKR, (EIFEE
(R, ASCBEATH e B R M LIRS, FINshs &
A7 %5 1 B 5 PEXE ASRAS, P LA S 4G i B e
PRSI . a4 fsh 7127 R AT LS B3 & 3R
FIRBUTEEE 0) = [91(6) ¥20) -+ ¢a(®)], HL B(6)
B m HUAFBIERNFEFE 0(0) = [01(0) ©2(0) -+ on(D)],
L x() = p(O)E®,1), £, 1) ] AR, FIIFXTE (1)
TE3fE p(O)T, 152 B R B 127 12

M. ()€, 1) + K(0)E©O,1) = 0 2)

Pr@ i e R AERE . WIBERERE . 4R YRR A
NIRRT AR, W R B i & R
s i, s X RN B AT E R
BRITEAMAN T S A, ERACRILT. SR
B2 AR 2 H (il B4y 0) REDLELS BS54 3 70
RSB R, KBRS o i i B 3R
FEVEAT N IRCR, BN ) B3 B R A BIR X 5 4% il
WEFTHT N RAF AL,

1.2 EFREVZEENGERHE

FE R A2 48 A REIR R (IR P AR
N1l 3 | B S W PSR A2 3 M R b e ok
EA5 2 R REATY B S R R R R 0. IE R DX
—RE AL, A TR R T RO M A A v 12532,
A0, RonH— R B M T U A, HE
B P R HT B AR 6; X1 RGUAERE (o S
DI 2 R B AR B AR R, Py 5K BRI 25 8] S ; TR A6 R
W M BB — i SEACEBERI T — A5 24 o,
SRAFET B AR RE Py. AR, ORI AR 2 — AT
ATRIJTIE, (BB W AR BRI G A 2 < (1, Rl &
TR FERUE L0 s B P B )], 7EY)
25 B HR AT A, SRS T AN D) 25 (R gt [ T |, 3
He SRR U,

(1) WEEG (0! HIEEL — £ 6y 1E NI fE I 2
R L BT &, BB S o 1 A JE .

(2) T MAER Sy AFAEVIZEE Ts M, S, il
Wt i) 7 R M BGE BV 28] T M, HARse
X SRR BRI T ARSOK RS s 2157) 2% )



1106 al =2

¥ i

2021 4F 5 53 &

X; BT RERR XS ORI Togs, , X E MR X L FR)

logs,(S1) = Xi 3)

(3) VI ] Tg M A& “FE> [ 1) /23 (6], R
[ Iy 7T PLH Lagrangian #0646 ES 2. 115

NINL g g,
_ 1

n- S (%) @
i=1 i#j NS TN

(4) AR AL X B B MBI TR
RIS exps, . TR BRI B R H 2 R IA 0

expg,(Xi) =S &)

K3 45t T IE YIS S E AR R AL
THESHAEHIZN 12 B e IR AR, L
I R AR RS AR A P ik 5 R R T 3,
N IHPRE FARGS B PR AN R B4 A 5 2.

)(I TS(]M Xz

expys(X2) = S,
logs,(S1) = X,

S, S

3 WA AR B A

Fig. 3 Sketch map of manifold tangent space interpolation
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Table 1 Comparison of the time cost for the two methods
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finite-element modeling

aerodynamic-structure interpolation

unsteady aerodynamic force and flutter boundary calculation
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3(0.12x25) 3.125 (0.125 X 25)
5.75 3.125
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