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Absgtract: [Purpose] To investigate the mechanical properties and feasibility of this cable design, [Method]
based on Costello's wire rope theory, an analytical model of the mechanical response of a tensioned cable
under axisymmetric loading is derived, and the influence of helical wire parameters on the mechanical
properties of the tensioned cable is studied. A stiffness equivalence method for steel cables as equivalent
hollow cylinders is developed. A detailed finite element model of the tensioned cable is established using
Abaqus to analyze the mechanical properties of the cable cross-section. Taking the design of a tensioned
wind turbine cable in a specific sea area as an example, and through comparison with traditional
wave-damping cables, [Result] reveals that the manufacturing cost, fatigue damage, and impact of marine
biofouling of tensioned cables are all lower than those of traditional wave-damping cables. Furthermore,
tensioned cables offer advantages such as a simple configuration, the ability to prevent cable collisions and
entanglement in wind farm arrays, and ease of installation. [Conclusion] Tensioned cables can provide new
insights for the design of dynamic cables for tension-leg floating wind turbines.
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Fig. 1 Schematic of Tensioned-Cable Structure
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Fig. 2 Geometrical Schematic of Spiral Strand
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Under Different Amounts of Wire Layers
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Fig. 11 Metal Stress of Tensioned Cable Under Different

Amounts of Wire Layers
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Tab. 2 Parameters of Mooring System

S WitfH
o 8
Hf2/m 0.14
25 75 % /(kg/m) 89.53
SR A O B /m 27
KB CRED) /m 151.73
ERIARA 0.27
TR /RN 1915 000
HLEE NI /(KN m?) 522.47
25 i M /(KN -mP) 54
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2H 12 % JANOCHA 5Pt (13& H T 66 kVATE
HL T PR LA A
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Tab. 3 Physical Parameters of Tensioned Cable
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Tab. 4 Geometrical Parameters of Steel Strand

B | #EM | HEA/mm IEHEA /()
0 1 6.70 —
1 7 4.95 —82.47
2 13 4.85 —77.85
3 15 6.00 —72.01
*k5 BEBTYMESE
Tab. 5 Physical Parameters of Conductor Bundle
8 YRR M 4M7/mm
1 i A4 i 29.9
2 FBE#kZ i 33.9
XLPE (%2
’ BEE peem |
4 EiE S i 64.0
e MDPE 70.4
Fo6 KENBYMREM
Tab. 6 Material Properties of Tensioned Cable
ppp | PIRE | R
(kg/m”’) | =/MPa JE/MPa
i 7 850 210 000 0.30 1350
il 8 890 112 200 0.34 300
XLPE 925 1 000 0.40 —
MDPE 956 1 000 0.40 —
HDPE 980 1 000 0.40 —
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Fig. 12 Stress Contour of Tensioned Cable (7=900 kN)
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Fig. 13 Stress-Tension Relationship for Copper Conductor
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and Steel Wires in Tensioned Cable
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Tab. 7 Physical Characteristics of Tensioned Cable

JE M HE JE M A
A2 /mm 195.10 BRI 633 680.26
/KN
AL 15213 HIFEWI Y/ 147,50
£ /m ' (kN-m?) '
L 52.85 %Km”)zg/ 123.14
(kg/m) (kN-m°)
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Tab. 8 Ultimate Limit State

Rt
. . B | b s
KR | R ||| ﬁf“/ iR
m | () U s | 3/
m (m/s)
(m/s)
200.00 | 11.00 | 10.00 | 17.64 | 020 | 0.4
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Fig. 14 Profilet and Component Schematic of
Lazy-Wave Cable
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Tab. 9 Fatigue Analysis Load Cases

R/ | R | R | R | W | —FERE
(m/s) | M | mi/m Wi/s | AEME%
2.20 730 | NE 4.84
8.89 | NE | 1.30 6.80 E 10.75
1.60 5.70 S 10.15
2.20 730 | NE 9.55
653 | E 1.30 6.80 E 20.85
1.60 5.70 S 20.08
2.20 730 | NE 5.53
6.18 | S 1.30 6.80 E 9.24
1.60 5.70 S 9.08
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Fig. 15 Number of Cycles for Each Stress Amplitude in
Steel Wires of Dynamic Cables Over One Year

— 184 —



FHERE, R RRE XAy R E X0 gL LMt 5 IR 7 94T

107

107 - m

.k\B 10’10 F
X
iR 101
®
102}
-13
10 20

012345678910111213141516171819
JSZ. 77 #8/MPa

16 HFSNEBLPIRNL RN ABE—FARRBRMG
Fig. 16 Cumulative Damage for Each Stress Amplitude in

2122

Steel Wires of Dynamic Cables Over One Year

TEM RSB T, Tk BB G AT A& SZ N /)
M R E TR s, ARG S, KSR
B B RN JIRAB 15 MPa, 1T 25 3 ) B 45 1 7 )
PEI 3 A 4E1 MPa~22 MPa.

ok g, HRR 1/3 5 B A1 IR IR R A
T1 MPa, ZH &S I8 R 05 55 15473 1 o ik 1R
ANy HARDATEL MPa~15 MPalX ] 4 )N 17536
VOB R I 5 L B S5 1 IR T 2B B a4 . A
Ty R apy BE ST B L e S B rRL A )
1/10.

443 BEYEmELLE

A RGK IR TSRS, 5 kAEE
VMG . BAEYIRMEE SSCE R ER. D
KoKBNT1HME, It sEma FAE sk F2 1 2 3R 80
ZEINJEDNV-0S-E30128, Hf 503 A= W b 25 )5 B 6t
ik 30 H 28 5 R A B B R R e . o,
YR FE N3 tm?, S R N0~50 mm (]
FEN10 mm) o

27 LR AE AN R LE W B 6 TR T % 5 5 A
BT, BHETRIAL, EEEY I AN R R R Hh
RIK SRS 5 B B AS 9% 57 Fd o BTk
R ZE 5, SRl B PR BV 55 10405 32 B e il R AR
25, Tk RS 57 1 32 B vk AR
FF. W TkE B, WAEYREEEE30 mm
CAPBT, %57 A LA 25 m s R IS R
FEHBIE30 mmby, HLAE )% 55 75 i B B R R 0
MG, X FERE N, WD E SRS
HE, MimfEsk E=NBEL MK KPR E, 245Kh
KPR IS — e Y, 57 A bl BRI KT 2%
BRI B — 7 T 3 N LR A KR
P FE LR R AT . IS AAFREEY
M R N R B A T B, Hoh, Bk
bR EE R FE hORIKCPALE, AR bR N
MEEEF IR EAE . hEI8H A, FEENEE
FERIBE N, A g R R AR AR A, BE
SR RS . DRI, SRR SR 9 5 7 i B Vi
AR R R B KRR A

10°

108+

0 5 10 15 20 25 30 35 40 45 50
2 ER B I B /mm

E 17 TEEEMMERE THSBENES S

Fig. 17 Fatigue Life of Dynamic Cables with Different
Thickness of Marine Growth
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Thickness of Marine Growth
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