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Torque balance design of steel tube umbilical cable

NIU Xuechao, ZHU Qingbin, PAN Pan, SHAO Pengjin, HU Ming, XIE Shuhong
(Zhongtian Technology Submarine Cables Co., Ltd., Nantong 226015, China)

Abstract: The steel tube umbilical cable consists of various helical stranded functional elements that will move relatively under external
load, meanwhile, the rigidity of the steel tubes that have an important effect on torque balance is high, therefore the torque balance
design of the steel tube umbilical cable is difficult compared with that of ordinary power cable. Based on the torque balance theoretical
formula, the control variable method that the strand angles of second armor wires are selected as the variable is applied in the torque
balance design. First, a umbilical core FE model is built, and the model rotates when tension load is applied. The result indicates that
the umbilical core can not be treated as a solid core. Secondly, umbilical cable FE models with different stranded angles are built, and
detailed material properties and friction factors of functional elements are considered to analyze the models’ rotation angle under tension
load. The rotation angles under the same tension load are fitted to a straight line, so that the optimum stranded angle is determined
when umbilical cable is in torque balance condition. Finally, experimental tests are performed on the steel tube umbilical cable. The
test result shows the rotation angles per unit length of umbilical cable are negligible under tension load, proving the umbilical cable is
torque-balanced. The test result verifies the validity of the introduced FE method in the torque balance design of steel tube umbilical
cable.
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Fig. 1 FE model of umbilical core
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Fig. 2 Stress nephogram of umbilical core under tension load  Fig. 3 Relationship curve of rotation angles and simulation time

for umbilical core under tension load
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Tab. 1 Parameters of first layer armor wires

Ra] LeH R v J V) V4
sy RNy it TRy TSR Y e
HA%/mm a,/(°) GPa MPa (t-m™)
@Iﬁ 106.5 56 18 6 197.32 0.29 682 7.85 e
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Tab. 2 Friction factors of materials

KRR FHEL2 R R R4S 2R 5L
HDPE HDPE 0.15 0.32
HDPE NENE 0.10 0.18
RNEEWE NFEWE 0.10 0.15
22 HDPE 0.10 0.20
W2z 2z 0.10 0.15
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Fig. 8 Tension load on umbilical cable
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Tab. 3 Rotation angles per meter of umbilical cable under tension load

plikiEIE= FIME/ kN et b,/ (°) et d,/(°) BB A y/ ((°) - m™h)
20 0.00 0.01 0.004
40 0.09 0.14 0.020
60 0.17 0.25 0.032
80 0.28 0.36 0.032
100 0.36 0.45 0.036
g
120 0.45 0.52 0.028
140 0.51 0.58 0.028
160 0.59 0.65 0.024
180 0.64 0.71 0.028
200 0.69 0.75 0.024
180 0.63 0.68 0.020
160 0.54 0.61 0.028
140 0.48 0.56 0.024
120 0.44 0.49 0.020
1 100 0.35 0.42 0.280
80 0.28 0.36 0.240
60 0.18 0.25 0.280
40 0.11 0.19 0.032
20 0.05 0.11 0.024
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