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Abstract. In order to decrease the vibration of aircraft hydraulic pipeline, the vibration control
techniques are studied from two aspects, i.e. suppression of the vibrating source and installation of
dynamic vibration absorber. In this paper, the methods of increasing the length of the tubular joint
and reduce the number of elbow are adopted to suppress the vibrating source, and a dynamic
vibration absorber is developed to absorb the vibration of the main system. A finite element model
of a real pipeline is established using ANSYS software and the exciting force is deduced under the
pressure pulsation to study the response characteristics of the pipeline system. The results show that
the designed pipe vibration can be reduced effectively after applying above methods.

Introduction

The hydraulic piping system [1][2] is an important part of the aircraft. Pipeline failure is
becoming a prominent problem in military aircrafts. Excessive vibration might result in the oil
leakage from the pipe joint, fatigue fracture, wearing of pipe wall, as well as the bursting of pipe
wall. Oil leakage from the pipe joint has become the most frequent failure, which is caused by
vibration for loose connection [3].

With the requirements of combat performance of modern military aircraft, the pressure of the
hydraulic system has reached 21Mpa, and even 28Mpa.The pressure fluctuation caused by
hydraulic piston pump has become the main excitation source of aircraft pipeline vibration [4].
According to the statistical results, the vibration fault caused by the pressure fluctuation accounted
for more than 90% [5]. The greater the unevenness of pressure fluctuation, the larger the vibration
force caused by pressure fluctuation. At the same time, the unreasonable pipe elbow and tube shape
will cause the resonance of the pressure pulsation, which causes greater the pipeline vibration [6][7].
In order to decrease the vibration of aircraft hydraulic pipe excited by the pressure pulsation, this
article studies the methods of suppressing vibration and maintain the natural frequency through
modeling and simulation.

Calculation and analysis methods of pressure pulsation in pipeline

Before the analysis of the vibration of the hydraulic pipeline, it is necessary to carry out the
corresponding analysis of the pressure pulsation. In this paper, an actual oil pipeline of a certain
type of aircraft 1-166 is selected as the research object. Its pipe’s (1Cr18Ni9Ti stainless steel) outer
diameter D is 18mm and inner diameter d is 16mm. The performance parameters of the pipe are as
follows: the density p = 7850kg / m*, the modulus of elasticity E = 210GPa, Poisson ratio z=0.3. Then
we calculate the finite element by ANSYS. During the pretreatment, we carry out the grid division
of pipelines by the way of automatic mesh division and the cell edge size is 0.01m. The finite
element model is shown in Fig.1.

The working pressure of oil absorption pipeline is 21Mpa. The pressure pulsation amplitude is
10% of the pressure in the pipeline, that isAP =2.1Mpa. We can obtain the component of excitation

force produced by the fluctuating pressure along the pipeline direction, 407.1N. The boundary
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conditions of the pipeline are shown in Fig.2. Elastic constraint are exerted at both ends of the pipe,
whose support stiffness isk =10'N/m. Then two exciting forces are exerted along the direction of
the pipeline at both ends of the elbow.

The excitation force of Pressure Pulsation is as bellow,

R, =S,AP = %ﬂdleP, R, =S,AP = %deZAP (D

In the type, AP is the fluctuating quantity of pressure in the pipeline, f=AP/P is the
uneven pressure, S, and S, are the pipe flow area on both sides of the joint, d, and d, are the
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Fig. 2. Boundary conditions for harmonic
response analysis of Pipeline 1-166.
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Fig.1. Mesh generation of Pipeline 1-166.

Fig. 3. Stress distribution of Pipeline 1-166 at Fig. 4. Displacement distribution of Pipeline 1-166
Resonance. at Resonance.

According to the real pressure fluctuation frequency range of the aircraft, the pipeline analysis
frequency is 500-1000Hz. We set 500 solving points to carry out the harmonic response analysis.
According to the results, the stress and displacement distribution of the entire model at the
resonance point of the frequency range can be obtained, as shown in Fig.3 and Fig.4. In these two
figures we can observe that the red area has occurred in two different regions which are the weakest
stress and the maximum displacement.
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Fig. 5. Comparison of the pipeline 1-166 before and after changing the stress and displacement.

Then selecting the weakest stress point in Fig.3 as the analytical surface and calculating the
stress response curve in three directions. And selecting the maximum displacement point as the
analytical surface and calculate the displacement response curve in three directions. As shown in
Fig.5. There is a resonating frequency which is 526Hz between 500Hz and 1000Hz. At this
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instance, the maximum stress is present in Z and Y direction in the corresponding analysis.

Analysis of the influence on pressure pulsation caused by the change of pipe

Changing the specific shape of the pipeline is the main mean to suppress the vibration of the
pipeline. In this paper, the methods of increasing the length of the joint and reducing the number of
elbow are used to change the shape of pipeline.

Increase the length of the joint

In the view of the problem of large vibration in the oil suction pipe system in the actual aircraft
piping system, this section of the pipeline is selected as the research object. Then we change the
sixth joint coordinates of the oil absorption tube 1-166 and keep the other unchanged. As shown in
TABLE I, we can form the pipeline 2-166, that is to increase the length of the joints of the pipe and
to compare the stress and displacement caused by the pressure pulsation before changing the pipe
and after changing the pipe shape respectively [9] .

TABLE |
Joint coordinates of pipeline
Joint No.
Type of Pi 1 2 3 4 5 6
1-166 (0,0,0) (85.10,0,0) (119.02,113.33,0) (239.27,126.82,0.28) (295.56,219.69,31.57) (409.40,217.25,41.54)
2-166 (0,0,0) (85.10,0,0) (119.02,113.33,0) (239.27,126.82,0.28) (295.56,219.69,31.57)  (557.74,202.93,53.38)

Selecting the pipeline 1-166 before modification and the pipeline 2-166 after modification to
study. As shown in Fig.6, the outer diameters D of the both pipelines is 18mm, the inner diameters
d is 16mm and they are all 1Cr18Ni9Ti stainless steel pipes. After grid division, we exert elastic
constraint at both ends of the pipe whose the supporting stiffness k is 10’N/m. Besides we also exert
two exciting forces which are along the direction of pipe line at both ends of the elbow, 407.1N.
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(a) Pipeline 1-166 (b) Pipeline 2-166
Fig. 6. Modified oil pipeline of No.1.

Setting up the analysis frequency of the pipeline as 500 - 1000Hz and define a total of 100 points.
Then calculating the harmonic response of the pipeline under the pulse excitation so that we can get
the stress distribution and displacement of the model at the resonance point of the frequency range.
We select the weakest stress and the maximum displacement areas of these two pipelines as
analytical plane. The results obtained by the analysis are shown in Fig.7.
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Fig. 7. Comparison of the pipeline 166 before and after changing the stress and displacement.

We can see from Fig.7 (a) that the stress in the pipeline 2-166 is significantly smaller than that of
the 1-166 when exerted elastic constraint at both ends. From Fig.7 (b), it can be seen that the
displacement of the pipeline 2-166 after the change is smaller than that of the pipeline 1-166 and the
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stress and displacement are obviously decreased after the change. This shows that there should be a
sufficient length at the joint of the pipe in the design.

Reduce the number of elbow

Because the pressure pulsation is mainly generated in the elbow, so we try to reduce the number
of elbow. We removed the fourth joints of pipeline 1-166 and keep the other unchanged. Then the
pipeline 3-166 pipeline is formed, as shown in Fig.8. When we analyze the harmonic response of
two pipes, we exert elastic constraint at both ends of the pipe and the supporting stiffness k is
10’N/m after grid division. We also exert two exciting forces, measuring 407.1N each, which are
along the direction of pipeline at both ends of the elbow. Next, the harmonic response is calculated,
so that we can know the reduction of the number of elbow can effectively reduce the pressure
pulsation, and suppress the vibration of the pipeline.
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Fig. 8. Modified oil pipeline of No.2.

Setting up the analysis frequency of the pipeline as 500 - 1000Hz and define a total of 200 points.
Then calculating the harmonic response of the pipeline under the pulse excitation so that we can get
the stress distribution and displacement of the model at the resonance point of the frequency range.
We select the weakest stress and the maximum displacement areas of these two pipelines as
analytical plane. The results obtained by the analysis are shown in Fig.9.
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Fig. 9. Comparison of the stress and displacement of Pipeline 166 before and after reduced elbow.
As can be seen from Fig.9, the vibration of pipeline stress is significantly reduced after reducing
the number of bent pipe. However, the displacement change is not very big. This shows that, for oil
absorption pipeline, reducing the number of elbow to change the tube can effectively reduce the
vibration of the pipeline, but not necessarily the displacement amplitude.

Analysis of the influence of dynamic vibration absorber on the pressure fluctuation of the
pipeline

The natural frequency of the pipe in the pipe system has been determined. If the tube subjected
to the excitation frequency is close or relatively close with the natural frequency of the tube, it will
lead to mechanical resonance of the pipe. At this time, the vibration can be reduced by adding a
power absorbing device, which provides the same but the contrary control force as the main
vibration force of the main system [7][8]. In this paper, the vibration characteristics of the oil
absorption tube 1-166 are designed. Because the pipe is cylindrical, the characteristics of
circumferential direction are presented, so the design of the vibration absorber with the
characteristics of the vibration characteristics is needed. The vibration absorber structure is
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designed as show in Fig.10. It is composed of two external quality rings, two internal quality rings,
four dampers and springs in the middle. The inner ring of the absorber is held on the pipe through
the bolt clamp, and the results indicate the good performance of such a structure for vibration

reduction.
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Fig. 11. Location of installed dynamic vibration
absorber.

The designed vibration absorber is clamped in a large part of the pipe vibration, and the elastic
constraint is applied at both ends of the pipe that the supporting stiffness is k=10"N/m. The
vibration force of the pipe at both ends of the elbow is applied to the pipe elbow at the end of the
pipe elbow, and the vibration force is 407.1N, as shown in Fig. 11.Due to the ratio of natural
frequency between dynamic vibration absorber’s damper and main structure is 1.0, and the
damping according to the actual requirements, it is necessary to adjust the stiffness and damping of
the spring to achieve a good damping effect .

The quality of the pipem, =212g, in order to reduce the resonance peak of 562Hz in Fig.6 (a), the

parameters of the absorber spring, massm, =18g ,spring stiffnessk, = 7.27e4 , @, =524.6Hz , £, = 0.030.

The analysis frequency of the pipeline is designed of 500-1000Hz, and a total of 200 solving points
are defined, and the harmonic response of the pipeline 1-166 in the vibration excitation is obtained
respectively.

From Fig. 12, it can be seen that the vibration stress and the displacement of the pipeline are
obviously reduced after installing the dynamic vibration absorber, which shows that the dynamic
vibration absorber has a good control effect on the main structure.

Fig. 10. Model of dynamic vibration absorber.
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Fig. 12. Comparison of the pipeline 1-166 before and after installing dynamic vibration absorber.
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Conclusion

Taking the actual aircraft hydraulic pipeline as the research object, and according to the actual
problem of the pipeline vibration, two methods of restraining the vibration of the pipeline are
summarized, and the finite simulation analysis is carried out on these two methods. Upon the two
methods, the pipeline pressure pulsation can be reduced effectively by changing the tube shape,
such as changing the length of the joint and reducing the number of elbow, and the inhibitory effect
of pipeline vibration source can be achieved. It can be provided the theoretical guidance and basis

146


http://dict.cnki.net/dict_result.aspx?searchword=%e5%8a%a8%e5%8a%9b%e5%90%b8%e6%8c%af%e5%99%a8&tjType=sentence&style=&t=dynamic+vibration+absorber
http://dict.cnki.net/dict_result.aspx?searchword=%e5%8a%a8%e5%8a%9b%e5%90%b8%e6%8c%af%e5%99%a8&tjType=sentence&style=&t=dynamic+vibration+absorber
http://dict.cnki.net/dict_result.aspx?searchword=%e5%9b%ba%e6%9c%89%e9%a2%91%e7%8e%87&tjType=sentence&style=&t=natural+frequency
http://dict.cnki.net/dict_result.aspx?searchword=%e5%9b%ba%e6%9c%89%e9%a2%91%e7%8e%87&tjType=sentence&style=&t=natural+frequency
http://dict.cnki.net/dict_result.aspx?searchword=%e5%8a%a8%e5%8a%9b%e5%90%b8%e6%8c%af%e5%99%a8&tjType=sentence&style=&t=dynamic+vibration+absorber
http://dict.cnki.net/dict_result.aspx?searchword=%e4%b8%bb%e7%bb%93%e6%9e%84&tjType=sentence&style=&t=main+structure
http://dict.cnki.net/dict_result.aspx?searchword=%e5%bc%b9%e7%b0%a7%e5%88%9a%e5%ba%a6&tjType=sentence&style=&t=spring+stiffness

for restraining the vibration of the pipeline. Moreover, the dynamic vibration absorber has
advantages of simple structure, convenient frequency modulation and installation. Using the
principle of dynamic vibration absorber, the vibration of the pipe is installed in a large position,
which can reduce the vibration level of the pipe.
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