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Nonlinear Aeroelastic Response Analysis of Fully Moving
Wing with Free Play
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Abstract: The nonlinearity of free play is common existed in the control system of warcraft fully moving wing,

which may not only affect the validity of the system ground vibration test data, but also lead to the deviation of air-

craft aeroelastic stability boundary. Therefore it is necessary to carry out the aeroelastic response analysis consider-

ing the nonlinearity of free play. The free play in rotation direction of fully moving wing is taken as the research ob-

ject. The fictitious mass method is used to normalize the modal shapes. A set of unified modal shapes that can ex-

press the whole response domain is established. The rational function is used to transform the unsteady aerodynamic

force to the time domain. The limit cycle response characteristics corresponding to different parameters of free play

are studied. The results show that, when there is free play in the fully moving wing structure system, the nonlinear

oscillation phenomenon called limit cycle oscillation will occur when the velocity is lower than the linear flutter

boundary. The parameters of free play will affect the amplitude and frequency of the limit cycle oscillation, as well

as the entry critical velocity pressure and divergence critical velocity pressure.
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Fig. 3 Diagram of nonlinear stiffness of free play
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oA i oA A 2 IR LTS 2
JEK/mm 360 B A 40% %K Table 2 Calculation results of mode frequencies with
R A /mm 408 JEA /() 50 different fictitious mass
FARBK /mm 248.4 GiH A kg 3.51 o EFEEUR/ WABCR/ —HBOR/ B/
Hz Hz Hz Hz
2.2 ERREES EHMER 2956 39.95 67.70  109.11
@,(1kg) 29.41 39.49 65.05 108. 54
@%ﬂﬁﬁ%mﬁﬁﬁﬁ%*ﬁiﬁﬁ*ﬁ?ﬂ,jﬂ @,(10 kg) 27.84 35.69 49.93 105.70
T EGY R 0L B R /N R X A AT 4 R B 5 ) ®,(100kg)  15.54 19.63 35.89 47.92
A% SR S b L5 L 0 0 B R 2 R L 48 @,(10 kg) 9.63 16. 39 32.75 63.12
ﬁ%ﬁ]ﬂ K%BEXl 100 N/mm Klﬂf"’iﬂﬁiﬁd\ @.(10 kg) 6.95 11. 35 41.16 82.20
# 3 K=0N/mm F A #0545 2R
Table 3 Calculation results with different fictitious mass modal shape at K=0 N/mm
Pk B e & 3 4 / Ha T A AR /Hz — 54/ Ha TSR/ H, BiREE/kPa BRHBIAR/Hz
6 ME AU 0 39.9 48.0 107.9 73.2 38.8
@,(1kg) 14.4 40.0 49.8 107.9 53.2 41.8
@,(10 kg) 0.7 40.0 48.0 107.9 72.1 39.0
@,(100 kg) 0 40.0 48.0 107.9 61.3 39.9
@,(10 kg) 15.9 39.9 50.7 108. 1 39.5 44.4
@-(10 kg) 15.9 40.2 50.7 108.1 49.6 43.1
F 4 K=1100 N/mm A [a] e 4005 A8 i A 59 45 2R
Table 4 Calculation results with different fictitious mass modal shape at K=1 100 N/mm
ik A e e % /Ha THT A 4%/ Hz — 4%/ Ha TS /Hz WREUE /kPa BIARMIE/Hz
TG M U0 ik 29.6 39.9 67.7 109.1 55.8 55.6
®,(1kg) 29.6 40.0 67.8 109. 1 55. 8 55.6
@,(10 kg) 29.6 40.0 67.7 109. 1 56.3 56.6
@,(100 kg) 29.6 40.0 67.7 109. 1 55.8 56.4
@,(10 kg) 29.6 39.9 67.7 109. 1 55.8 56.1
@.(10 kg) 29.6 40.2 67.7 109. 1 55.3 55.7
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