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Numerical and experimental study on damping of deepwater umbilical cable structures
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Ltd., Ningbo 315801, China)

Abstract: The inner structure of a deep-water dynamic umbilical cable is complicated, and its damping capabilities greatly impact the
umbilical cable’s galloping and fatigue damage. The internal sections of the umbilical cable may move during the contact between the
umbilical cable and the fluid, which will have an influence on the structural damping of the umbilical cable. Additionally, this makes
the galloping and wear and tear of the umbilical cable in actual sea conditions a difficult problem deserving in-depth analysis. A multi-
layer sliding contact friction model of the umbilical cable used in an oilfield in the South China Sea was established by using ANSYS in
order to confirm that the finite element model can accurately simulate the structural damping characteristics of the umbilical cable on
the basis of taking into consideration the friction between internal structural elements. In parallel, the structural damping ratio and the
natural vibration period of the dynamic umbilical cable were analyzed as part of the prototype experiment utilizing the free attenuation
approach. The structural damping value of the umbilical cable derived by the numerical model was found to be extremely close to the
experimental value, which gives a suitable direction for estimating the structural damping ratio of the umbilical cable in engineering.
This was identified by comparing the estimated results of the finite element model with the prototype experimental findings.
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Tab.1 Geometric dimensions of umbilical components

Fa: oy g HMZ/mm N4 /mm
LA WA 3 34.80 31.75
LA FRIT — 2 31.70 —

REY 2 25.10 21.25

YIREHIT 1
KA AN 54K 2 21.25 19.05
REW 4 19.50 15.24

YIREHI02
WU AN 44 4 15.24 12.70
INEPE REY 1 123.30 108.40
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Fig. 1 Umbilical section design drawing
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Tab.2 Umbilical material properties

kL W (kg m™) BPER E/GPa H{SE/NAY PAFERH F
N 8 030 200 0.30 0.008
REW 1 650 1.2 0.38 0.020

B 1300 0.007 8 0.47 0.600

i 8 960 117 0.34 0.008

2.3 B AR TR
R T RGBT A N TR A R AR TR 2 il FH B9 52 0, B2 ANSY'S B4, 398 FH i B 3D20 17 45 AT Solid 186 SZ44

BATTHEAT A A RALL , ARSI, A AR R A MREE A 3 mo SR TG A A%, Sl 43 A S5 6 iy
HiAT BRITAE RS AN 2 o

0.00_ 50.00 100.00 mm
25.00 75.00

B2 s g
Fig. 2 Umbilical model
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Tab.3 Friction coefficient between materials
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Fig. 3 Numerical simulation results of umbilical cable finite element model
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Fig. 4 Umbilical cable test piece and fixing device
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Fig. 7 Numerical fitting results
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Fig. 8 Numerical simulation results of umbilical cable finite element model
18 15 Matlab 480515 2)3Z 07 B2 0 07 HH 268 x = 36.89 cos (11.02¢ ) exp(=0.578 5¢), 15 0] Z1 , 12 JB 45 45 A%
RIS I 0.570 s, BLJE LE 2 0.052, S fi K02 A 1.03 mmeo 4 45 1A FROTEBURBLISE A 3R
PRI A R AR 22 o AT DA B S A 56 2 [0 (1 00 T IR 3h e 10 2o A7 TA e 3, B R0 3K
UEE
R4 HESKBHREST

Tab. 4 Error analysis of numerical and experimental methods
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