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Vibration Analysis on the Variable Configurations
of Tube Conveying Fluid
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Abstract : This paper studies the effect of vibration characteristics of tube line conveying fluid with the power
steering system of bus. We modelled fluid-filled tube line using I-DEAS software to investigate vibration
characteristics of the power steering tube line. And we obtained the natural frequency of tube line through finite
clement analysis. Analytic solutions were compared with experimental solutions to verify finite element model. We
tested the tube line to examine an effect of pressure pulse by vane pump and variation of geometry of tube. From
both the experimental results and the modeling results for vibration characteristics of the tube line conveying fluid,
we confirmed that vibration characteristics induced by pulse propagated along the power steering tube line and
resonance occurred around the natural frequency with pulse excitation.
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Table 1. Mechanical properties of the tube material

. Young's Possion's X Shear
Material modulus ratio Density modulus
2.068x 10" 7.82x10° | 8.016x 10
1 0.2 ; :
Stee (N/md) ? (kg/m) (N/d)
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Table 2. Material properties of fluid

Material ?fgsc“)y Nonstructural | iy modulus

Transmission oil|  8.7x10 6.833 %107 1.67x10"°

(DexronIll) (kg/m’) (kg/m) (kg/m’)
Table 3. Numbers of elements and nodes

Geometry Node Element

Straight tube 37 36

Curved tube 36R 52 51

Curved tube 72R 53 52

Curved tube 144R 56 55

S

(a) Straight tube (b) Curved tube 36R

D D S

() Curved tube 72R (d) Curved tube 144R
Fig. 1. Nodes and elements of Finite element models
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Fig. 3. Experimental measuring points and boundary conditions
of the test tubes
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Table 4. Comparison of naiural frequencies of the tubes by
FEM and experiment

Straight Curved tube(Hz)
Mode | tube(Hz) 36R 2R 144R
FEM | Exp. | FEM | Exp. | FEM | Exp. | FEM | Exp.
1 20.08 | 18.13 § 19.25 | 20.00 | 20.13 | 18.75
——19.71|195
2 2092 - |1980| - |2167| -
3 41.61 | 3938 | 40.71 | 42.50 | 44.80 | 42.50
——54.28  53.13
4 97.02 | 92,501 99.52 | 98.75 | 89.43 § 92.50

Table 5. Comparison of natural frequencies of the tubes by
FEM and experiment in operating condition

Straight Curved tube(Hz)
Mode | tube(Hz) 36R 72R 144R
FEM | Exp. | FEM | Exp. | FEM | Exp. | FEM | Exp.
1 18.13| 18.38 | 17.70 | 19.04 | 18.51 | 1839
17.19 [ 17.82
2 1889 - [1821| - [1993| -
3 37.58136.92 [ 37.30 | 40.90 | 41.20 | 41.34
49.01 | 48.99
4 87.63 | 87.02 | 90.69 | 92.69 | 82.25 | 94.93
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