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Multimode vibration characteristics of flexible pipes based on a
mode decomposition technique
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Abstract: The multimode vibration characteristics associated with slender marine risers/pipes are widely
seen in the case of complex marine environments. Firstly, by using a two-way fluid-structure interaction
technique, numerical simulations were performed on the vortex-induced vibration of a flexible marine riser
model subjected to shear and uniform flows. Secondly, based on the analysis of position-frequency-energy
spectra, the multimode characterized vibration along the pipe span was investigated. Then, an empirical mode
decomposition technique called FB-EMD, based on the Fourier transform and band-pass filter, was used to
adaptively decompose the vibration data into some intrinsic mode functions. By analyzing the time-frequency
characteristic information, the transient evolution characteristics of the vibration modes associated with the
flexible riser model were then discovered. It is found that the phenomena of multimode vibration along the
slender flexible pipes are quite common. With the increase of flow velocity, higher order vibration modes are
continuously triggered, and with the energy transfer between modes, the apparent modes at different periods
compete fiercely, often resulting in transient multimode coexistence. The time-frequency-energy Hilbert
spectral analysis shows that the random and natural vibration modes caused by the combined effects of local

vortex shedding and energy transfer from adjacent pipe sections are excited in a wide frequency band, and the
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energy of each dominant vibration mode is usually time-varying.

Key words: vortex-induced vibration; mode decomposition technique; multimode vibration; energy transfer
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Fig.7 PFE spectra in both IL and CF directions for the Fig.8 PFE spectra in both IL and CF directions for the
Case V= 0.3 m/s Case V;= 0.3 m/s

X F BT YT Vo= 0.5 m/s [ T-00, FHIEL 9 (2) FIEL 9 (b) AT F HY AR B4R sFE IR ) 3 A H T4
DURY S PR, 5 A BT IRRAIR SIS, DA R AT RSI S RSB . DURY = R RIS R TR 4 4
WA FE A 55, (HAMER A 0, 16 H DU By 5 SRS DAGE I 5 (R A T AT A7 e o R 4 il ) 6 7 )
TR e PRAEHLLE X8, U y/L = 0.45 BHIT, A0 AT RLWLEE S DU B B ShAs 25 S8 X3, 4 y/L = 0.29., 0.5,
0.75 FfFir, W) L BERER 2055 — B 5 U B iR s B, 56 FU N iR S B ASZE sC Su 0 B R & . K 9 (o)l
K9 (d) AT A AR R T B B BRI, IS — . iR SRS e A X 55 R
MRBIRIERS . 55 PSR RE R AR H AT ST, AR R EE Ry 43 B, 57 T i Dkt X B g i
B S0 e TR DX B X A5 D3 4h, i B A A S (BTN p/L A bRi - AR I A Ab
F /L = 0.50 FIEE R, TR ) T I /NG — M. FRIIZEIZIR S 00T, A AR T ik X B 1 B
Bl LA ARG I 1 DX B P o0 T in a5



1776 AT WA B 2955 111

XTSI Vi = 0.5 m/s B 0L, A PRRIR SN ) A 1 128 B A IR shBS 5258 75
PRBNBEASIL P HO 83 AR SIS, o 25 N B IR sh AR SRS BIMR N Foy = 6.2 Hze HIFE 10 (a) 5
110 (b) 1] LU H 3k AR SR SR O RO AR A, 48 A L B IR Sl At B, A T30 A ek i
y/ILe(0.5, 1.0) I AY RN 5 3% o AR 1m0 ORI 1 RO IRBEAS, o A5 A e b Jd v P 15 5 ) 25 =
B DU RS S AU, AL — A al PR S B iksh i s . 4l 10 (o) 5181 10 (d) PR, =K ikashii
AR B WA . g R R, T D IR Sh AR A I D s v L PP IR AR Y, 9 B s, S 6 (b)
TSR L ] Y RMS A/D 28 KRBV & o S SRR S B I T AR Bl 25— [ A iR sh A
AN, PP B v BT S ) AL 18] 14 E e A0 2 TN K, AT ol 245 RSS2 Al o 45 50 20 19 25 1]
T 8

1.0, PSD PSD Power spectrum density

0.08 g |
0.8 0.06 osl ! . I 0.12
=06 ' o6l 0.09
" 04 0.04 =oall 0.06
0.2 0.02 02 : I 0.03
% 4T s % T8 1216
Frequency/Hz Frequency/Hz
( a ) (a )
1.0 PSD PSD
osl Io.zo o
' ‘ 015 [ lo.zo 2\
2 0.6 ’ J :
= 0.10 || 0.15 [
04 | | 0.10 N6
02f! 0.05 | I TN
% 481216 oL " < 07’;\((((((‘@»\6
0 . % W
0 4 8 1216 0 A e
Frequency/Hz Frequency/Hz N \2(6096“
(¢) (d) (c) (d)
9 S V. = 0.5 m/s RO A SR Y PFE 3% 10 YAJ5E V= 0.5 m/s IR [ S5 REFL 11 14 PFE %
Fig.9 PFE spectra in both IL and CF directions for the Fig.10 PFE spectra in both IL and CF directions for the
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Fig.11 PFE spectra in both IL and CF directions for the Fig.12 PFE spectra in both IL and CF directions for the
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