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Abstract . There is a highly nonlinear coupling effect between liquid pressure pulsation and pipeline structure in
the infusion pipeline system. Severe coupling vibration will occur under external excitation, which will lead to
the failure of the infusion pipeline and connection structure. In view of the lack of analytical methods for the
fluid-solid coupling vibration responses of the infusion pipeline, the dynamic characteristics and vibration re-
sponse theory for the infusion pipeline system with complex supports were given based on the differential trans-
formation method ( DTM), and the fluid-solid coupling vibration differential equation for the straight infusion
pipeline with complex elastic supports within the span was established based on the Bernoulli-Euler beam theo-
ry. The expressions based on the DTM for calculating natural frequencies, displacement responses and support

constraint reactions of the pipeline system with the simple support and additional elastic supports were derived
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in detail. The influences of the internal pressure, the flow rate, the additional support stiffness and the support
position on natural frequencies and support constraint reactions of the pipeline system were studied, and the

calculation accuracy of the DTM was verified with the structural finite element analysis method. The research

shows that, the application of the DTM in the calculation of fluid-solid coupling vibration characteristics and re-
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sponses of the infusion pipeline system with complex supports has high accuracy and good applicability, espe-
lines and connected structures.
=]

cially in the calculation of vibration responses of the pipeline system with complex boundaries and additional
supports within the span. Based on the DTM, the mechanical responses of the fluid-solid coupling pipeline sys-

tem can be conveniently calculated under forced vibration. It provides a theoretical basis for the design of pipe-
vibration response
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Fig. 1 The simplified model for the simple support infusion pipeline system
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Fig. 2 A simple support infusion pipeline system model with an additional elastic support
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Table 3 Calculation results of natural frequencies of the simple support infusion pipeline system

flow condition natural frequency f; /Hz
error 8 /%
P /MPa Vi /(m/s) i FEM DTM
0 0 1 86.772 86.772 0
2 347.134 346.549 0.17
1 69.0 69.0 0
20 10
2 330.768 330.189 0.18
1 57.80 57.80 0
30 20
2 322.1 321.491 0.19
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Fig. 3 Effects of the flow rate and the pressure on natural frequencies of the infusion piping system
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Table 4  Constraining reactions at the simple support end of the infusion pipeline system

excitation frequency flow condition constrained reaction force R, /N
[2h P /MPa Vi /(m/s) FEM DTM error /%
0 0 17.018 17.166 0.87
0.5, 20 10 30.914 31.109 0.63
30 20 58.257 58.852 1
0 0 2 526.348 2 527.190 0.03
®, 20 10 27.528 27.692 0.6
30 20 17.129 17.343 0.5
0 0 6.339 6.242 1.5
1.5w, 20 10 4.497 4.187 6.7

30 20 3.808 3.518 7.6
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Fig. 4 Influences of the flow rate and the pressure on restrained reactions under different external excitation conditions
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Table 5 The equal support constrained reaction force design
flow condition optimal addition constrained reaction force R; /N error
P /MPa Vi /(m/s) “r itfvess h/(Nmy j DTM FEM 8 /%
1 12.407 12.112 2.38
0.5w, 416.0 110.942 k 12.40 12.435 0.28
2 12.407 12.112 2.38
1 30.569 30.410 0.52
20 10 o} 347.1 105.260 k 30.540 30.813 0.89
2 30.569 30.410 0.52
1 9.224 9.396 1.86
l.5w, 231.8 94.920 k 9.215 9.181 0.37
2 9.224 9.396 1.86
1 14.293 14.0 2.05
0.5w, 402.3 103.137 k 14.279 14.330 0.36
2 14.293 14.0 2.05
1 55.774 55.925 0.27
30 20 | 332.6 96.927 k 55.722 56.521 1.43
2 55.774 55.925 0.27
1 7.144 7.276 1.84
l.5w, 217.5 85.606 k 7.138 7.126 0.17
2 7.144 7.276 1.84
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