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Fig.1 Coordinates of strip before and after deflection
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Fig.2 Flow chart of wing static/dynamic aeroelastic
coupling analysis
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Fig.3 The scale model of a large aircraft half wing

3 SaEhaMItE
3. 1L 54T

310 KWL IR L VE B A ke sh MBIIREF SR 51 T2
1,32, NEA IRV TR , R SRR RATES R
Tl _EAERR A — AR K 12 3l . BRI B R4 R R
B, RGAFAEPI A BRIR S S o H— R R L AU AS 2Bk )
B IR , PR B2 o 9 1m/s , 2 S AU B B3R SME W B R . 55—
N RIEH B SR R R RUR R E R R, B
25 KPR MIRESM & .

R RELMHEBIRMDEE

Table 1 Linear intrinsic vibration characteristics of the model

F5 AR $iIHz
1 EH—Z 3.68
2 BT 9.86
3 FEH_Z 13.30
4 KB 19.28
5 FH=D 28.24
6 — W 34.55
7 HKP—2 48.62
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Table 2 Flutter characteristics of the model

AR BREE(ms) BRIz
BB 910 19.24
EH— 1345 0.0(# & 1Y)
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Table 3 Nonlinear static deflection of the wing with
zero thrust force

HPA T B
WAl
Hx A Im HXRIAETE %
10 0.243 3.45
15 0.381 541
20 0519 7.37
3.0 0.794 113
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Table 4 Nonlinear intrinsic vibration with zero thrust force

R /Hz
5 BESAHR

Bl BfLl5° B2 BUgEKY
1 BH—G 3.67 3.67 3.66 3.64
2 REHIHD 9.85 9.81 9.76 9.58
3 HH G 13.28 13.22 13.12 12.85
4 REHRAT 19.33 19.35 19.37 19.40
5 BE= 28.21 28.13 28.00 27.62
6 —prifs% 34.53 34.48 34.41 34.25
7 KF—25 47.80 47.16 46.45 45.02
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Table 5 Influence of 2° attack angle thrust force on vibration

A1 EH KL EH boazi i)
(P/Py) —% R =% s
0.0 3.658 9.756 13.123 19.366
1.0 3.658 9.755 13.123 19.364
5.0 3.658 9.751 13.126 19.358
10.0 3.658 9.747 13.129 19.349
40.0 3.658 9.734 13.151 19.301
80.0 3.657 9.750 13.183 19.237
100.0 3.656 9.767 13.202 19.205
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Fig.4 Modal flutter velocity of the engine v.s. thrust force
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Fig.5 The scattering speed of the first vertical bending v.s.

thrust force
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Flutter Analysis with the Thrust Effects of Engine Under Wing

WANG Ganglin®* , XIE Changchuan®

1. Flight Physics Research Center, Chinese Aeronautical Establishment, Beijing 100012, China
2. School of Aeronautic Science and Technology, Beijing University of Aeronautics and Astronautics, Beijing 100191, China

Abstract: The flutter of a large-aspect-ratio wing with engine is analyzed, in which the large deformation and the thrust
effects of the engine under wing are considered. A twin-beam wing and the engine compartment are modeled as beams.
The steady aerodynamics of the curved surface is calculated by the modified strip theory; the unsteady aerodynamics is
calculated by the modified Theodorsen method; the thrust of the engine is alone the engine axis. The vibration and the
flutter characteristics of the wing with the steady aerodynamics of different angles of attack and with the different thrusts
of the engine are analyzed. The results show that the change of the static deformation and the vibration frequencies
affected by the thrust are small, but the change of the flutter speed can not be neglected which would be an important
factor limiting the large transporter design.
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