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Fig. 1 Section of wing box

1.1 REERSIHEEMALTE

TERAF B SRR AE B AR O -l i
F S TR AR BRSO Y o A R 2 % I E AR O
X G, B RS A B2 A BEAT 2 TR
v

@ﬁﬁU@ﬁ%&%ﬂﬁﬂﬁﬁﬂ;wmwNV

2D Fr R (45 %0 p %ﬁ%*ﬁﬂﬂi”ﬂ]fh/’ﬁ%ﬁ‘

SRR A e

GI () E1<y>—ae\+§\ (D
K a b flc BTG GI O R ETCy) 4 5

ﬁmﬁmrm%mm;dﬁm%m$ﬁym
PREY e\\ 4

ZHRUBRBIRE R X

T BAT I ENL A = 4E B AL, s i = %
*EUM*F”E’Jé*ﬁﬁ‘ﬁﬁ‘ﬂ%ﬁ@jziﬁff%m 17 L

1.2

TR T LAk (R R mﬁva‘*

SFY LB 24 G I 7 ) L RS B
(BLOSHL AR 3 B0 % « I 32503 R B 4 K
o = R S 7 8D A A AL @ﬁ tﬁ
%ﬁ@ﬁ%&zﬂﬁ%#mwﬁﬂfﬁﬁ
TR i X e LB S A 4T T LA AL
LR 4

R T A2 R BT SR e P 1 BT R ML R

TAI IR ) AP RN F
(D RIBTBOLFEAFR R Oxy NI AR N
DA T DIBA YD
Ty — 71.:1 s Yo — i:i — 2)
DBAD DBAD

AP d N IAE R B A g TT @B R AR
x Ky oo @ BB O AE R AR R Oxy WY
AR

r

(2 HJE‘%%J? RS FIIE A 5 oK X B

@ﬁiggymﬁ@ﬁﬁ
(\ #

o 27 1= DA ) (3)
:),‘ i=1
Ty = D [A (2, —x)?] (1)
i=1
Joy = Z[@Ai(yi*yo)(x,»*xo)] (5)
(3) SRR E 5 @v B AL F R
tan.2 AL 6)
S
(@T&ﬁﬁﬁwkﬁﬁﬁ
\\%} feos’a+ Jysina— Joysin 2¢ (7)
(3"'—] rcos’a + Jsina+ Jysin 2a (8)

{\ ZRANEERZE
PN 21 55 AE [ 5L R s A 5 1 AR AL T
TRV 280 0 IR L, B — R R 256
BN W EE 0 Jr k. SR Z T i, T AR
it 400050 5C 72t 2 25 LI 0% B SR A58 UL
BB RNE . AR REGE Z R T A
ML R AT B O T RS R 45 R 2 505 Oy T
) 22 57+

BOENLFERIE S5HESHEH R R

gS’cos’ (A —n/16)
(0.9 —0.33p*(1+0.8/A)*
K:q HERKRITHE ;S S FHMH ;A HHLE
/4 52k Ja s A S HLEL R 5% s 9 M HLIE 2R
Hi T

GJ ,EI o (9

TORH B HLIE NI 5 2 25 TR AL 3R N
ZIEA IR LR

© ML 2 4

http://hkxb.buaa.edu.cn



KRR 45 KR 5% LU LI A W BE B4 30 s v A Ak et

1027

(G ) e = K(GJ ) (10)
(EI)new :K(El)re[ (11)
K = K,lKéKf,KZZK;Z (12)
Kq = (Inew/qref (13)
Ks = S/ Skt a4
_ cos(A,., —n/16)
Ky = cos( A, — w/16) (5
_ 140.8/A
Ka= 14+ 0.8/A. (16)
0.9 — 0. 337new
K =—"— a7

0.9 0. 337
Arb K, WE RSN T Ks h S5 B E H
T Ky AR M T Ko R SZ A
T K, AR HI R T KO R RN T

R 5% He 42 Jm ML SR sh AL b 35 i B A f 2R
REBRTEE

PLILH) AP BT 45 K LR AN 18] 2 FT 7« 25 K AL
TSR R 2R A H A7 BROGASE 2 [ 88 R 1 ol — AR
DS SR B (10 A7 8 R AL R R R AR
R AL

2.1

. Q - " .',;.‘.' | X
‘;\ AT Y L)

1mmw$m&ﬁ%ﬁa%&ﬁxm5§%f§‘
\ .
HL. \‘()‘ Bl 2 Ay B

. Q"
L4 SHBERL o

\ \\‘(’,

S O Al S Y I R
ﬁndvéﬁél‘ﬂ*?ﬂi%*éﬂﬁ{gyﬁ i B

F(‘U)%/J\/f’ho é»
. o\ W
min  F(v) -
s. t. gj('U)<O J=1,2,m
,U}_ower < v; < ,Ull_lpper I 1’2’. s Mg
(18)

Al gy (0) <0 48 TE 1Y 20 SRFR 1 B 29 3, Xk

Fig. 2 Beam-frame finite element model
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Aeroelastic Optimization Design of Global Stiffness for
High Aspect Ratio Wing

LIU Dongyue. WAN Zhigiang * . YANG Chao, TANG Changhong
School of Aeronautic Science and Engineering, Beihang University , Beijing 100191, China

Abstract. Two methods to design the global stiffness of a high aspect ratio wing are introduced, i.e. , the beam-frame mod-
el aeroelastic optimization method, and the three-dimensional optimization model conversion method. Taking a high aspect
ratio wing as an example. rationality of the two methods is proved. Based on the\bgam-frame model., the global stiffness of
the model main beam is designed by the first method using aeroelastic optimizét\ign'.'Because of its modeling simplicity and
calculating efficiency., this method can be applied to the concept and p ér}‘d‘esign stage, though the precision is not high
enough on account of its insufficient consideration of constraints. Bas@)orr'the three-dimensional model. the global stiffness
of the wing is designed by the second method using aeroelastic\iab}uﬁization and engineering beam conversion. The design
stiffness by this method is closer to the actual critical c\ase W&"&v‘[akes into consideration the strength constraints, aeroelas-
tic constraints, and process constraints. This method ca'ﬁ\)e)used in the primary design stage when some structure data is
obtained; however, it has lower efficiency due tg«gtgfl)gh requirement of structure data and structure modeling. Through cal-
culating and comparing the results, the 'COQSig}ézl’CX"a'nd engineering practicability of the stiffness distribution by the two meth-

ods are verified. Compared with the copventional estimation method, the two aeroelastic optimization methods are more

LY \\'

’

reasonable.
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