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ABSTRACT

Modern aircraft are high-performance and lightweight. Thus, the characteristics of the flexible

structure appear and affect flight performance or limit it. These flexible characteristics need to
be analyzed from the early stages of aircraft design. To this end, a program to analyze the
dynamic and static behavior of flexible aircraft has been developed and the results are
presented. Based on the multi-body dynamics simulation technique, rigid flight mechanics,
structural vibrating behavior, and unsteady aerodynamics have been developed and integrated.
Lastly, the level flight and the turn flight of the flexible characteristic aircraft have been
analyzed using this integrated simulation program.
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Table 1. Mode description
No Description
1 Fuselage 1st Lateral Bending

Wing 1 st Symmetric Bending

Fuselage 1st Vertical Bending

Fuselage 2nd Lateral Bending

Wing 1 st Anti-Symmetric Torsion

Wing Fore-aft Bending

Fuselage 2nd Vertical Bending

Wing 1 st Symmetric Torsion

O | O | N[ | W

Fuselage 3rd Lateral Bending
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Table 2. Sensor disposition information

Physical Quantity Type | R/T | Axis | Node
angle of attack « D R 97
angle of sideslip R z 97
roll angle ¢ D R X 97
lateral accel. Ny A T Y 98
normal accel. N, A T Z 98
roll rate D Vv R X 90
pitch rate q \Y R Y 90
yaw rate T V R Z 90
D: displacement, A: acceleration, V: rate

R: rotation, T: translation
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Table 3. Conditions for simulations 0.10
| xi_F(2)
conditions variables values unit 008
height 10,000 ft 000
velocity [900, 0, 0] | ft/s e
¢a97¢ [5, 2, _3] deg
initial 5m 66, 5,, 0,0 0 deg 0.004 XI_F(3)
5, 0 - 0.000
£F7 éF’ 'xa ’ia O - -0.004-t T T T T T T T T
0 10 20 30 40 50
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15 Table 4. Simulation results
i T(s) and throttle command -
10 level flight ‘ turn
0.5 rigid flexible
0.0 T T | ! 6 | deg 0.22 0.144 0.166
0 10 20 30 40 50
0, - 45.99 45.85 68.59
0.10
0,
0054 canard deflection (rad) ¢ deg 1.12 125 767
' 5, | deg 0 0 -0.01
0.00 5, | deg 0 0 0.01
S o | deg 0.22 0.144 0.81
Fig. 8. Simulation results : rigid aircraft g | deg 0 0 0.03
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Table 5. generalized coordinates comparison

level level
No flight turn No fiight turn
1 0 0 6 0 0
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4 0 0 9 0 0
5 0 0
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No. Gen. Mass Gen. Stiffness Frequency

(slug) (Ib/ft) (Hz)
1 132.7 291,460 7.46
2 94.1 350,989 9.72
3 318.1 4,010,650 17.87
4 212.2 4,395,460 22.91
5 1235 6,270,490 35.87
6 1184 6,081,150 36.07
7 317.7 20,839,900 40.76
8 1434 16,424,500 53.87
9 159.7 20,108,300 56.47

A4 = s 2E

A.4.1 Mode 1. Fuselage 1st Lateral Bending
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A.4.3 Mode 3. Fuselage 1st Vertical Bending
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A.4.4 Mode shape example: Mode 2

-20

Mode No.1 () Mode No.t () ode Translation (ft) Rotation (rad)
l_> 1o X Y Z X Y Z
Ys
Xs 12 90 |-0.0024 0 -0.0277 0 -0.0005 0
H . 0| e e 93 |-0.0024 0 0.0039 0 -0.0092 0
° ° ° H ° H 1 ]
I T 97 |-00024] 0 |-018%| o |-00188| o
0 98 [-0.0024| 0 [-00537| 0 [-0.0092| O
50
-10 0 10 0 20 10 0 10 20 99 |-0.0024 0 -0.0558| 0 0.0125 0
A.4.2 Mode 2. Wing 1 st Symmetric Bending 100 |-0.0024] 0 |-0.3657) 0 0.0530 0
Mode No.2 (+) 110 |-0.0025 0 -0.0797| 0.0359 | 0.0776 0
6
, wing ! »[zs 111 |-0.0025 0 0.1143 | 0.0359 | 0.0776 0
2 WS 112 |-0.0025 0 -0.2737| 0.0359 | 0.0776 0
j 120 |-0.0026 0 1.0000 | 0.0648 | 0.0997 0
20 10 0 0 20 121 |[-0.0026| 0 | 1.2492 | 0.0648 | 0.0997 | 0
Mode No.2 (-)
6 . 122 |-0.0026 0 0.7508 | 0.0648 | 0.0997 0
! 123 |-0.0026 0 0.6268 | 0.0648 | 0.0997 0
2
0 '/l——'H\. 310 |-0.0025 0 -0.0797|-0.0359| 0.0776 0
'z_m 10 0 10 20 311 [-0.0025 0 0.1143 [-0.0359| 0.0776 0
Mode No.2 (+) 312 [-0.0025 0 -0.2737|-0.0359| 0.0776 0
6
PR fuselage ° e 313 [-0.0026 0 1.0000 |-0.0648| 0.0997 0
2 Xs R
T e
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