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Research on Flutter Characteristics and Stiffness Design for 15 Meters
Span Wing of a Solar-powered Aircraft

Mao Yiqging', Yang Fei’*, Gu Yingsong®
(1. Design Department, Shanghai OXAI General Aviation Company, Shanghai 201210, China)
(2. Flight Test and Operation Support Department, Shanghai Aircraft Design And Research
Institute of COMAC, Shanghai 201210, China)

(3. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Flutter widely happens on solar-powered aircraft due to the slight stiffness and large deformation, so
that it is significant to establish the dynamic model of solar-powered aircraft and analyze the flutter characteris-
tics. Firstly, an initial dynamic model of a 15 meters span solar-powered aircraft is build, the reverse modeling
is implemented by optimize the model stiffness according to the objective flutter speed. Then the flutter analysis
is carried out and a complete method for flutter analysis of solar-powered aircraft is developed. Results show
that the flutter speed will increase by 29% as the wing torsional stiffness increases by 70%. The present method
can be used for wing structure design of the 15 meters span solar-powered aircraft.
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Fig. 1 Solar airplane anti-systemic wing

flutter in flight test

) 1% A BH BE v 2 A0 I B A PLIT R T R B
L/ P IARRINE S S - NG P D 3 TG g = A S
PR FHBETC A MBS BT T 5D . TEAHLBEIT
JE LB T A PROXE S B2 B BE i 2 1 1 114 M
JE R | oA RO L X DL ST E Y Sl g e R
5K BH BE CHLAY 3l 1 2 05 T, A7 FROCIE A+ 31 1
P BRI RSN B 2 SR R BT R GE BT
PEAT IS e A AR P R BH AE ALY W s T
JUNEE RGN ZRG 5 B A L U A
JE SRR AR T —FlE TR R 5L AR AR LS
CUIESARCN D R Pk SRS+ §N = ¥ i RV <
QAL B L SR T A A W, S T Bl
PSR AR OK FHAE T AY BIAR 20 B 0 T, FE R
SEUSISRA pke WETHEE T R ROK BH B JE AL B B4R
R . I A R T S R X

LEA ML R o Vg IR pok SRR T KR
5% LU R PERILIEAE #7281 07 " B 30T 19 £ 1 B IR R 1
FARAEES T R BHAE RHLHLIL A5 M AL 5 1Y
D) P 32 R o R J5 e R, 5 N AR S R B R
Pk IEBEIE T ORHAE RHLI B e R E e, b
TR BHBE RHLIY Bl T 24 S R BIR 20 A R 2 AR
I8 00 7 P ) 45 K 2 BOHEA T I ) R 3 AT L H SEBR
AR R BHBE TCHL A BT B B, Bk D i B AY K EE KL
R DR DL AT R A
AT HEAT 1K BHRE AL I 4 S 1) AR LR
BLSR BE g 2 A PR Y LR S 32 Oy 29 A PR R
BH RE KB Bl 2 S i) A AT HEAT R S RO

PL T3 AN RE AR DR 15 R 3L Jie K FH AE "R ATL AY Bt
P& M 8l 2 A RREAE AL, R SCHR Y DL H AR IR i R
NPy ARG 2 A B R LA RS T R 254
B E R AR T BRI . O EAT G54 3 01 2 4y
Hr FBIR 70 A« fie i B K BH BE AL BT 3R BT Y
TR,

1 HENHNZEREEERTIE
1.1 FhFEREBESE

K FHAE AL i AL AL 3 0 2 T il i Y
KPR A b ek T AR AR L RE IR . A RALBh I R T
BUR ML 2 2 BRI 2K A B3 A L L
B AT S BCRL B AL W N, A AT 3z
BN T AT B R IR A R TE 5 R T 2 B AR L
BRI L T [ AR AL 3R ) BRI R 3 . R BH fiE
CRALAY /N R AR AR TE R T 2 TR AR R AL
A A WAR R A, IR R MR B R 10 K F
15 oK 3L 19 K BH AE QOBIL, B0 4k 3 2 W AR 20 ~
28 m/ s Y BRI

TE ) Iy 27 S5 T K B BE ROLIE B E R
(1 B2 2 80, 20 Bk 2 OE 1) Bl ) RO .
A 1] AU R BH TROL AR Bl 26 TR B A A 8 ) —
AEARME R A SCHR H— PR TR 5% K ELAL
S F AR BIUR T, AR 35 K BH AE L 1% 52 B B 9 12
JE LA RSE B B Bl 9 RO B3R I R
FibE  BEAT B o RO LR O vk . ) BT
BTN 2 s o 8 g o Rt T B AR
TS R BH AE TC AL B4R 249 SR 2 B3 5 ik il i
125 15 AT LAZRAS F AR KIEE AT AR BRI



538 iz TR

Lt R 10 %

Lo |
|

B)) ) A
T
| migiis |

LB

VSR =
R

I

4l

B2 gl g S i s ik

Fig. 2 Dynamic model reverse build method
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Fig. 3 Structural dynamic model
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Fig. 4 Flutter model
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Table 1 Wing mode frequency

W% /Hz
By OBRESARKR — —
BRPRME =19.5 m/s BIRHEE=25.5 m/s
1 MRl 0. 69 0.73
2 HLEAKTF— 0.97 1.04
3 MLEBEH L 4.26 4,56
4 HLEKP A 5.98 6.39
5 HLE KL 7.30 9.51
6 MEMEE = 11.79 12. 67
7 HLEKFE=E 16. 38 17.50
8 ML U 21.82 24.48
9 HLE Kk 22.78 28.53
10 ML K- U 31.19 33.33
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Fig. 5 Wing natural mode
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Table 2  Wing flutter result
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Fig. 6 Wing flutter V-g curve
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Fig. 7 Wing flutter V-f curve
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Table 3 Parametric flutter study with respect to varied wing stiffness
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