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Fig. 1 The calculation results are compared with the simulation
results considering the influence of fluid velocity
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Fig.2  Considering the influence of fluid pressure, the calculated
results are compared with the simulation results
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Table 1  Natural frequency of hydraulic pipe

Modal frequency ate/Hz Fluid pipe/Hz
Mode 1 308 295
Mode 2 404 355
Mode 3 405 365
Mode 4 490 381
Mode 5 761 454
Mode 6 882 295
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Table 2 Natural frequency of hydraulic pipe
at different flow rates

The fluid flow A first order The second order
velocity/ (m/s) frequency/Hz frequency/Hz

0 295.55 355.43

1 295.13 354.43

2 294.54 352.64

3 293.07 351.24

4 291.82 349.12
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Table 3  Natural frequency of hydraulic pipe
under different fluid pressure

it AT e
0 295.55 355.43
10 292.74 351.87
20 288.31 347. 64
30 282.42 341.93
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Fig.6 Select the feature point at the maximum displacement
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Fig.7 Displacement response and frequency domain response
of feature point in y direction under condition 1
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Fig. 8 Displacement response and frequency domain
response of feature point in y direction under condition 2
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Table 4  Displacement response amplitude in y direction

of characteristic points of hydraulic pipelines
in working conditions 2 and 3

The fluid flow //?n;pil(t)u_dse) Fluid pressure /}Eriplll(t)u_(ie)
velocity/ (m/s) /MPa
m m

1 1.75 5 1.75

2 1.75 10 1.63

3 1.74 20 1.25

4 1.72 30 0.85
Rate of change -1.7% Rate of change 51.4%
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DYNAMIC CHARACTERISICS OF AVIATION
HYDRAULIC PIPING SYSTEM "

Zhang Shengfa'  Yang Le’”  Shao Mingiang'’
(1. Nanjing University of Aeronautics and Astronautics, State Key Laboratory of Mechanics
and Control of Mechanical Structure ,Nanjing 210016, China)
(2. AVIC Jincheng Nanjing Engineering Institute of Aircraft System, Nanjing 210001, China)
(3. Aviation Key Laboratory of Science and Technology on Aero Electromechanical System Integration ,Nanjing 210001, China)

Abstract With the development of high pressure and high power of aviation hydraulic system, the vibration problem
of hydraulic pipeline is increasingly not to be ignored. Reducing the vibration of hydraulic pipeline is of great signifi-
cance to improve the safety of aircraft during flight. In this paper, the vibration characteristics of aviation hydraulic
pipeline under pump source pulse condition are studied, and the mathematical model of vibration characteristics of hy-
draulic pipeline under the influence of fluid pressure and flow rate is established. The actual hydraulic pipeline system
is modeled and fluid-structure coupling simulation is carried out by using finite element software ANSYS, and the cor-
responding vibration response is obtained. The results show that the natural frequency of hydraulic pipeline varies with
different fluid velocity and pressure. When the fluid pulsation frequency is close to the natural frequency of the pipe-

line system, the system will have resonance and the vibration amplitude increases greatly.

Key words hydraulic pipeline,  fluid-structure interaction,  finite element analysis,  dynamic response,

Galerkin method
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