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Vibration Control of a Timoshenko Fluid-Conveying Pipe Based

on Nonlinear Energy Sink "

Shao Yufei'* Gu Yingbin' Ding Hu®'
(1. China National Nuclear Power Co. , Ltd., Beijing 100000, China)
(2. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)

Abstract Fluid-conveying pipes hold significant engineering value. In practical applications, pipes are
often subjected to vibrations due to various factors. Excessive vibration amplitudes can cause damage to
the pipe itself and its supporting structures, while even minor vibrations may lead to cumulative damage
over time. Therefore, mitigating pipe vibrations has become a critical issue that needs to be addressed. In
this study, a fluid-conveying pipe model is established based on the Timoshenko beam theory. The non-
linear energy sink (NES) cell, as a novel vibration suppression concept, is applied to reduce pipe vibra-
tions. The governing equations of the system are derived using the generalized Hamilton’s principle, and
the system’s natural frequencies are obtained through the complex modal method. The system’s re-
sponse is solved using the harmonic balance method and numerical simulations. The influence of differ-
ent NES cell quantities and installation configurations on vibration suppression efficiency is investigated.

The study found that when external excitation is near specific frequencies, a single-point concentrated

2025-05-18 W H 55 1 Fi » 2025-06-05 W I 4& B Fii .
* EEABHFER¥ILL T H (12025204) . National Science Fund for Distinguished Young Scholars (12025204).
t {5 F# E-mail:dinghu3@shu. edu. cn



5 10 1)

HEF 6 A A T AR & M 1 IC A9 Timoshenko fi Ui 8 1 41 2l 45 il 11

distribution exhibits superior vibration reduction performance, whereas multi-point concentrated and u-

niform distributions provide better vibration reduction efficiency for broadband excitation, providing the-

oretical guidance for vibration control in engineering pipes.

Key words fluid-conveying pipe,
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Fig. 1 The schematic diagram of model in the fluid-conveying

pipe with nonlinear energy sink cells and the cross-sectional
rotation of the pipe
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Results (Hz)

Order CMM FEM
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Table 2 Example parameters

Symbol Value and Unit Symbol Value and Unit
L 1.6 m F, 100 N
D 0.14 m o1 1000 kg/m®

0.132 m v 1m/s

0p 7930 kg/m’ l 1 m
E 194 GPa m 0.5 kg
P 0.3 ky 5x10° N/ m®
G 74.6 GPa e 3N s/m
I, 3.955X10 ° m' k 500 N/m
cy 10 N s/m H 0.01 m
s 0.667 m N 10
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