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Fig.2 Meshing of pipe and fluid part in pipe
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Table 1 Natural frequency of hydraulic pipe at
different flow rates
i/ (m/s) 1B 4%/ He 2 B4 /He
0 17.74 38.41
1 17.71 38.32
2 17.64 38.19
3 17.57 38.06
4 17.50 37.92
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Table 2 Natural frequency of hydraulic pipe under
different fluid pressure

WA J1/MPa 1 B4 /Hz 2 B R/ Hz
0 17.74 38.41
10 17.46 3791
20 17.18 37.41
30 16.88 36.92

T R A VR PR 787 1 A 00 3 A 2 B K 5%
W), 5 VR T 140 2% O [ A A A8 R i L s A ) T A A A 1
21 W T A E PN 8 2 | R TR A I R G A A
B4k, VB T DA 11 21 4my/s 3B A i, T I 1A 0
IR R, Foh — B [ A 4R 17.74Hz T R E
17.5Hz, TR 1.35%; 3% 2 SO W T 487 18 PN T4 1 07 1 el 78 4,
2xg R B R G A SRR AR, YRR ) I 04
JnE 30MPa, Fif I A 3R 2R A, Hor 1B A
BRI 17.74Hz P& 16.88Hz, P& T 4.8%.
1.3 REEESIN ST

JH ANSYS Workbench X 45 #4725 43047 , 2R IS
SRR B TR A2 o, AT R R R A R 1
T TE , AR A FLIE FH IR 2 S R AR B, i
130L/min, £ TAER AR J1 2 21MPa, B 1 g3t
P A T S RS A5 R 1) — VRS LI, T 81 3 B

K3 PRSI R BRFAIE A

Fig.3 Distribution of peak electron number

densities along axial flow field
EL AR 22 1 Bk 81 5% 0 6% , il it A o = QA T3 H
ANFEEE Ko =297 + 018 sin(2 - £~ - t), Bofoi Ky m/s, f
WK o SR AE I AR AR A B0



ARG 2 LI AR G LI e SR I

115

PF RT3 Mr e T80 1 A B R Ik s 40 17Hz,
I FR G A T PR 5 00 2 A T 38 1 ik 3l 431 4 B
10Hz, ML RGTAb FARIERR A . Foma B4 SR &l 4 141 5
IviNe

0 0.15 0.30 0.45 0.60 0.75 0.90
fa)/s

B4 00 LRHIE Sy J5 T LR g
Fig.4 Displacement response of feature point in y direction

under condition 1
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Fig.5 Displacement response of feature point in y direction

under condition 2
P 4 F1TET 5 B S0 10 2 B, Y801 4 T A Dk sl (Al
L WA 2 2 PR AR BEAS I AR , SRE 2E AR E IR
BB, 7E L0 1, RGEAL T IR, AR S IR S 7
BB 0.035mm ; 75 T8 2 Y, FRATTE BK S5 4 B 2 452 [
AW, I RGEAE T AR, HASR SRS A IR (N
0.009mm, b, T3¢ 1 H KR RE V)N

2 RIEEEFEEHGE
2.1 FERPIRIRES
2.1.1 2 E B AR W IRALIE
B W R A S B AR AR S A A BRI o £ R 2 AR

ZRGE, M i 59 AR e SR I I e TR B i 3 R A L
B IR ARl o e TR A R B A AR S A
K6 PR i A i JEE RS

m,
W e a
THRG
k, o
|/
m,
k, c

/. S/
6 Bk TR R L

Fig.6 Simplified model of pipe-semi-active vibration absorber
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Fig.7 Frequency response of the system when different

vibration absorbers are installed
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Fig.8 Finite element model of H-cantilever vibration absorber
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Fig.9 Simulation results of natural frequency of vibration

absorber under different voltages
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Fig.11 Flow chart of particle swarm optimization for

vibration absorber
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Fig.13  Finite element model of hydraulic pipe—vibration absorber
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Research on Vibration Suppression Method of Aircraft Hydraulic Pipeline System

Shao Mingiang', Zhang Shengfa’, Yang Le?, Huang Zili®

1. State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China

2. Aeronautical Key Laboratory of Aeronautical Science and Technology for Electromechanical System Integration,
AVIC Jincheng Nanjing Engineering Institute of Aircraft System, Nanjing 210001, China

Abstract: With the development of high pressure and high power of aircraft hydraulic system, the vibration problem of
hydraulic pipeline becomes prominent. Reducing the vibration of hydraulic pipeline is of great significance to improving the
safety of aircraft navigation. Based on aviation hydraulic pipeline vibration characteristic study, pipeline vibration natural
frequency changing with the internal pressure and velocity is obtained, further according to the characteristics of the
variable hydraulic line dynamics parameters,adjustable stiffness semi-active vibration absorbing device is designed, and a
more suitable for dynamic response analysis of complex system software joint simulation method is established, thus
verifying the vibration suppression effect of vibration absorber and semi-active control algorithm. The simulation results
show that the semi-active vibration control method can effectively suppress the vibration of the hydraulic pipeline system,
and the pipeline vibration attenuation can reach more than 45dB within the effective frequency range of the vibration
absorber.

Key Words: aircraft hydraulic pipeline; vibration control; fluid-structure interaction; stepwise optimization algorithm;
dynamic vibration absorber
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