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A Study on the Dynamic Stability and Vibration Control
of Cantilevered Pipes Conveying Fluid
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ABSTRACT

The present paper deals with the dynamic stability and vibration suppression of a
cantilevered flexible pipe having a tip mass under an internal flowing fluid. The
equations of motion are derived by energy expressions using extended Hamilton's
principle, and some analytical results using Galerkin’s method are presented. Finally,
the vibration suppression technique by means of an internal fluid flow is demonstrated

experimentally.
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Table 1 Details of the pipes conveying fluid.

Materials Silicon rubber
Length L 545(rmm)

Outer diameter d 13.5(mmm)

Inner diameter d; 6.7(mm)

Young's modulus E 9.72(MPa)

Viscous damping coefficient E* | 1.723%10°(N - se¢/m’)
Pipe mass per unit length 7, | 0.139 (kg/m)

Fluid mass per unit length m, | 0.0352 (kg/m)
External damping coefficient C | 0.0 (N - sec/m)

Table 2 Details of the tip mass.

Materials Brass
Outer diameter d, 23.9 (mm)
Type A | Inner diameter d; 13.3 (mm)
Mass M 19 (g)
Outer diameter d, 27.8 (mm)
Type B | Inner diameter d; 13.6 (mm)
Mass M 38 (g)
Outer diameter d, 27.6 (mm)
Type C | Inner diameter d; 13.3 (mm)
Mass M 57 (g)
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Table 3 Comparison of natural frequencies of
pipes without fluid between experiment
and numerical simulation.

Numerical
simulation

Without With
gravity gravity

Experiment

First |0.62 (Hz)|1.04 (Hz)| 0.95 (Hz)

Second | 3.77 (Hz) | 4.25 (Hz) | 3.90 (Hz)

First |0.45 (Hz) | 0.91 (Hz) | 0.85 (Hz)

Second| 3.14 (Hz) | 3.76 (Hz)| 3.35 (Hz)

First |0.38 (Hz) | 0.86 (Hz)| 0.80 (Hz)

Second| 2.96 (Hz) | 3.74 (Hz) | 3.40 (Hz)

First |0.33 (Hz) | 0.83 (Hz) | 0.80 (Hz)

Second| 2.88 (Hz) | 3.81 (Hz)| 3.55 (Hz)
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Fig. 11 Relations between fluid velocity and
change of moter voltage.
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