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Table 1 Dimension of the double-layer armored steel pipe umbilical cable

o BB FLICHME/ mm JEE B /mm O 1 A/ mm? WRE S HE /()
APyt 1 13.6 1 39.6 —
T RGN 2 1 30.4 8.4 580.6 -
B BT 5 15.6 2 39.6 12
HigE#on 3 15.6 — - 12
JLLT BT 1 15.6 — — 12
L 4 B TT ] T 47 1.04 — — —
HL 25 T A R 2 1 15.6 5 166.5 —
BREYNIE 1 71.6 5 1046.2 —
A i 2 4 22 47 5 — — 10
SR 2 22 53 5 — — 10
BEWirre 1 103.6 6 1.839.7 —
TE = R AL TR
x2 HMREN%
Table 2 Properties of the material
oK AL/ GPa W/ (kg + m™3) bR 14
k) 210 7 800 0.30
L 109 8 900 0.33
RaW 1.5 1000 0.48
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Fig.4 Finite element model of umbilical cables with same and different winding direction
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Fig.5 Comparison of tensile stiffness with same and different direction winding
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Fig.6 Comparison of maximum equivalent stress with same and different direction winding when twisted
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Table 4 Number of armored spiral wires in the case of different wire winding angles

ML YELSE /() ML GRS/ ()
Mz ShZ Wz 5h )2
5 48 54 14 46 52
8 47 53 16 46 52
10 47 53 18 45 51
12 47 53

TE < 28 A T K s
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Fig.7 Effect of helix angle on the tensile mechanical properties
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Table 5 Number of armored spiral wires in the case of different wire diameters
W22 HA/mm W22 HAE/mm
= PN NE =
3 77 83 6 40 46
4 58 64 7 34 41
5 47 53
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Fig.8 Effect of wire diameter on the tensile mechanical properties
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Analysis on the Influence of Armor Layer Parameters of
Umbilical Cable on Tensile Behavior

LLIU Wen-qing, GUO Hai-yan, CHEN Hong-cheng
(Department of Engineering s Ocean University of China, Qingdao 266100, China)

Abstract: Umbilical cable is used for connecting overwater floating body and underwater production equip-
ment. The cable core is usually assembled by pipe unit, fiber unit, and cable unit and the outer layer of the
cable is composed of spiral winded armored steel wire and polymer sheath. The cross-section of the umbili-
cal cable is complex. By using ANSYS finite element software, a finite element model of three dimensional
multi-layer contact friction is established for the double-layer armored umbilical cable, with which the ten-
sile stiffness of the cross section is calculated. The correctness of the model is then verified by comparing
the simulated values of the tensile stiffness with the theoretical ones. The armor layer of the umbilical
cable model is analyzed and compared under the cases of different helix angles, different winding modes
and different wire diameters. The results show that the helix angle, winding mode and wire diameter of the
armor layer can influence on both the tensile stiffness and the maximum equivalent stress of the umbilical
cable model.

Key words: umbilical cable; armor layer; tensile stiffness; equivalent stress; ANSYS software
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