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Study on a cable jumper method for offshore floating photovoltaic systems with
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ABSTRACT Owing to the flawed design of the jumper cable between floating bodies, excessive bending, stretching, and collision with
the floating bodies occurred during operation, thereby affecting the reliable operation of the system. To solve the problem of fatigue
failure in cross-floating cables, this study proposes a method for interconnecting cables between multiple floating bodies in offshore
floating photovoltaic systems. First, the structure of the floating body is analyzed, and the cable-jumper scheme between typical
hexagonal floating bodies is determined. Second, by analyzing the influence of the floating body structure on the jumper scheme, the key
parameters and limiting conditions in the design steps of the cable straddle float were determined. A method is proposed to meet
operational requirements through the reasonable planning of jumper parameters, and a two-stage solution framework for cable jumper
schemes is established. In the first stage, trust-region particle swarm optimization is employed to determine the feasible solution region
of the spanning scheme variables. In the second stage, the maximum fatigue life in the feasible solution region is determined as the

optimal solution. Finally, a cable jumper model was built using Orcaflex software to verify the proposed scheme, and the effectiveness of
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the proposed method was demonstrated through an example analysis. The research shows that through reasonable planning of the jumper

cable path, the bending state of the cable can be alleviated to a certain extent, thereby reducing fatigue damage and ensuring reliable

operation during the operational period. (1) Optimizing the jumper parameters through reasonable planning of the jumper path can

improve the reliability of flexible cables in harsh environments. This approach achieves the desired effect while reducing both time and

economic costs compared with the use of protection devices such as bending limiters. (2) Cosserat theory was used to accurately model

flexible cables, fully considering the influence of cable structural parameters on linear lines. The maximum fatigue life was identified as

the key focus in solving the framework presented in this study, which is consistent with the simulation results obtained using Orcaflex

software. This demonstrates the feasibility and effectiveness of the proposed framework and solution method. (3) In the floating

scenario, the solution for the cable jumper scheme should focus on the bending protection of both ends and the middle part. This can be

achieved through the installation of protective devices or the reasonable selection of parameters, such as cable length and effective span,

through careful analysis.

KEY WORDS floating photovoltaic; cable; cross-floating body connection; fatigue failure; trust region particle swarm
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Initialize L, x,, #,, maximum number of
iterations, termination condition (17)

v

Initialize all particle positions and
velocities

v

Each particle fitness value is calculated

Satisfy the termination
condition (17)?

Update all particle positions and
velocities

v

Each particle fitness value is calculated,
and the global optimal value is labeled

Does the global optimum
remain the same?

Particles are randomly selected and
solved using the trust region algorithm

v

Enter matrix A

y
Initialization 4, maximum number of
iterations, termination condition (26)

v

Initialize all particle positions and
velocities

v

Each particle fitness value is calculated

Satisfy the termination
condition (26)?

Update all particle positions and
velocities

v

Each particle fitness value is calculated,
and the global optimal value is labeled

Does the global optimum
remain the same?

The trust region algorithm is used to
solve global optimal value

v

Output optimal solutions L,, x,, 4,

End

B9 (RMsoR T RES IR AL BR

Fig.9 Solution steps of the trust region particle swarm algorithm
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v

‘ Analyze the floating body structure ‘

A cable jumper laying scheme based on hexagonal floating body is

proposed
v

Determine the
crossover scheme

‘ Determine the cable span float design steps |

v

‘ Determine key cable jumper parameters based on the operating scenario ‘

v

According to Formula (1-5), the relationship between floating body motion

A 10

o}
o w»n
£ 8 and cable length and the restriction conditions ofcable jumper scheme are
2 g jump
=3 GE) determined
£ g v
~ < . . .
3 2 | The selection range of cable jumper parameters L, x and & are given |
|
v
| InltlahzevLO, X, hy | Enter alternative matrix A l
) Calculate the cable r
° »  and Q according to v
= 8 5 o B .
2 equation (17) The maximum fatigue life in
= A is calculated according to
2 = equation (26)
e E . .
S 5 Satisty the constraints of ¢
5§ = equation (2-5)?
£ 5 Output cable cross-stage
ET final solution L, x,, 4,
2 .
3 Adjust Ly, x,, h,
v
- Operating Calculate the fatigue
né % environment Build cable jumper ;gﬁegg};igljgggé
O 1
S ’;:) »| model 1fn Orcaflex > whether it méets the
2 5 Lx,h soltware engineering
v requirements
End

LB R B R

Fig.10 Design flowchart of cable spanning floating bodies

F1 FERGHSEITSH
Table 1 Structure and operation parameters of the floating body
Parameter Data
Length difference between the top string tube and the main float tube 0.5m
Height difference between the top string tube and the main float tube 2m

Ideal working condition
Extreme working condition 1
Extreme working condition 2

Extreme working condition 3

Horizontal 0.5 m, vertical 0 m
Horizontal 1 m, vertical 0 m
Horizontal 0 m, vertical 0 m

Horizontal 0.5 m, vertical 0.5 m
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[F) Y £ AR R 0% R 4 T A e AR I A T g 1Y
HP A R AT LR G i £ 3 A 0 ] 1) 2t R
5 7 P A W O T, AR A B R TR

B RS, 25 B0 B Ik fe /N i SR AR A fE
P /NS R B, LSRR IR 45 F P R T, 4 i 1 [
— K V-7 B A L B IR B A /N iR AR I, O fs
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Table 2 Cable parameters

Parameter Data
Density/(g-cm™®) 2.64
Maximum curvature/(rad-m™") 22
Bending stiffness/(N-m?) 11900
Torsional stiffness/(N-m?) 2548
Maximum tension/kN 28
Mass per unit length/( kg-m™") 4.2

Curvature/(rad-m™)
=

1.8
2.1
24 (x/x&/‘“

B 22 ] B R AN 23 DR ok B i A R 4 Rk g
S /NI AR R, AR 2 AR RS o ), ST
HZ A AN L AR RE R LT, BS RS
R4 I ) 9 L AN BT 16 BT

M 18 16 AT LLE ), 24 40K R 313k — 2 im 5t
)5, fe/NEs R AN, XFF 38 2 P 45 Kk
T 4.672 m B, Fe/NEEFEER N 2.645 m. Ktk 7T A
R 4l FiL 208 750 o AT RS B Y BB A T B T R

i

Curvature/(rad-m™)

(b)

B 11 SRR B AT ATIR. (a) SRR DL 2; (b) R T 3

Fig.11 Feasible solutions for cable length and suspension position: (a) extreme working condition 2; (b) extreme working condition 3

B 12 Wi m TR

Fig.12 Feasible solution for cable suspension height
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Table 3 Structure and operation parameters of the floating body

Scheme Initial jumper Suspension Suspension  Fatigue
length position/m height/m life/a
Suspend 1.1L, 1.1 0.3 257
Bind 1.1L, 1.5 0 217
Bend 1.1L, 1.8 0 374
stopper

14r = Bend stopper
= Suspension scheme
g 121 oo
k=)
£
S 10r
-
2
<
Z 08F
O
0.6
0 1 2 3 4
Length/m
13 R
Fig.13 Cable curvature distribution
AAAAAAAAAAA Bend StOpper
4001 Suspension scheme .
= ;
£
o 350
=1
2
=
=300
2500 1 2 3 4 5
Length/m

B 14 HZpES A
Fig.14 Cable fatigue life distribution
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Fig.15 Cable configuration (a) and curvature distribution (b) in extreme cases
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Fig.16 Effective cable span
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Fig.17 Effective height difference of jumper cables

HASZ H SR Re 2 ny BRI, 25 22 80 0 i
K BE 2ZE AR IR BN K B — 2, i LG T
DIAS B P52 45K B 5 1 5 1Y ¢ R O L=0.4735h—
0.4755. 5 Z 2R B L AR Lh, =38 Z 18] A9 1 B
ZEMZEAR/N, B A EN B KE 12.85m
b ASCE T R BN, H B g 2 AR
XA WA K, GG K ER KR, 2%

e, 205 T g S e A R X v R 2 S
5 #it

Xt 5 VA L 4 25 B H B 57 R s n) L, AR
SCHE S — R R SO AR R BB TR AR A i T
L P ok TR S 56 BT HE O B9 A R, 1S
T 458

(1) 38 A B ) 5 1 R B A oK B e S U
PLfft, et R ML EL IR T &, 5
o B 25 2% S5 AR B 2 8 09 7 v A e, Rl DATE B AIG
i [i] RN 28 5% AR R RITHRE T, 28 380 T AR

(2) 1 cosserat B it XiF 2 14 28 45 o 174 i 4
B, F53 7% B B 45 S B A B 52, 2 R
it 952 57 75 i e KABLAE S AR SR A HE B2 170 OC i
55 Orcaflex 3475 FLA5 RART, S0k T A SCHEHE I
SRAR T VR B AT AT PR R R

(3) BV o T S 4 T 8 SR N
AR W it 55 r () 3 Ao ) 25 il B 4 L, AT LG O
e B ke B UEAT R P, o mT DLaE Ao 43 B e 4 K
ESEGA MR R A HEERE.

2 % x #t

[1]  ZhangJF, YiL, Guo P. Design and optimization of single-module
structure of offshore FPV system. Ship Sci Technol, 2023, 45(19):
104
(RER, 538, 8L g B SOu M7 stk et iscit.
ARl RIR, 2023, 45(19): 104)

[2] Geng B L, Tang X, Jin R J. Prospects for research on offshore
floating photovoltaic structures and their hydrodynamic issues.
Ocean Eng, 2024, 42(3): 190
(k= 77, B0, SRt ¥ _B7R SOGRS5 S HoK 3 g a1


https://doi.org/10.3404/j.issn.1672-7649.2023.19.019
https://doi.org/10.3404/j.issn.1672-7649.2023.19.019
https://doi.org/10.3404/j.issn.1672-7649.2023.19.019

- 400 -

TRERLF2ER, 26 47 5, 5 2

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

FURE. T IRE, 2024, 42(3): 190)

Cui P Y, Sun X F, Shen H, et al. Linearization modeling of
transmission cable for analysis of pv grid tied inversion system.
Acta Energiae Solaris Sin, 2021, 42(1): 21

R E, INE0E, TRir, 45, & TR RIF MR g nofekamb gizk
PEACHRITTE. R PHAE AR, 2021, 42(1): 21)

Guo L, Yuan Y C, Tang W Y, et al. Influence factors of marine
towing cable’s steady-state configuration and vibration characte-
ristics. J Ship Mech, 2023, 27(7): 1061

(5873, 2, B3CH, 55 W TEH AP A08 SR sl R S
IR BISE. AR 112, 2023, 27(7): 1061)

Dong Z R, Wang F S, Lou O J, et al. Ship pipe route design based
on improved NSGA- Il. Comput Integr Manuf Syst, 2022, 28(4):
1129

(FESRAR, M, B2, 55, BT HGH NSGA- IT I ARANE B5
Lt AU S R, 2022, 28(4): 1129)

LiuJ H, Zhao T, Wang C S, et al. Motional cable harness physical
characteristic oriented modeling and kinetic simulation technology
in virtual environment. J Mech Eng, 2011, 47(9): 117

XIRAE, X, EHFA, 55, BRI T 195 s di v ket g
LGB s A, U TR %4, 2011, 47(9): 117)

Wang B, Yang J X, Lan X P, et al. Research on digital modeling
method of flexible pipeline. Manuf Autom, 2024, 46(2): 8

(EW, s, 22/, 5. LB o, il
0l F 3h1k, 2024, 46(2): 8)

NiY M, Ma H Z, Duan D W, et al. Analysis of thermo-mechanical
effect of high-voltage cables and calculation of arc slip. Electr
Mach Contr, 2023,27(12): 62

(ffi—%8, B, BRI, 55 o e BTN 5347 55 IR
R RITRATTL. ALS PR, 2023, 27(12): 62)

Yang Y, Dong H F, Zhu G, et al. Accurate method for calculation
and optimization of jumper hose/cable length. Ship Ocean Eng,
2022,51(3): 90

(b 53, BBy, RN, 45 B S8 K BERE B TR S A, it
T2, 2022, 51(3): 90)

Liu J X, Gao S, Nian R, et al. Study on hydrodynamic
characteristics and depth control of the towed sensors array
system. Mar Struct, 2023, 92: 103504

Ma L Y, Xie S F, Liu P Y, et al. Modeling and progression
simulation of flexible cables based on mass—spring system. J Syst
Simul, 2014, 26(4): 733

(Thare, W e, XIS, 45, 3T B a3 RO R L4l
IR BB Eh 5 . RETEAR, 2014, 26(4): 733)

Tan F F, Tan Z H, Luo K. Structural design of die-casting die for
industrial cabinet lock handle based on pro/E. J Phys: Conf Ser,
2022,2218(1): 012072

Lei Y, Li W, Zheng X Y, et al. A floating system integrating a
wind turbine with a steel fish farming cage: Experimental
validation of the hydrodynamic model. Mar Struct, 2024, 93:
103525

Jin J Z, Su B, Dou R, et al. Numerical modelling of hydrodynamic
responses of Ocean Farm 1 in waves and current and validation

against model test measurements. Mar Struct, 2021, 78: 103017
Zhou Z X. Design and Analysis of Suspended Submarine Cable

Protection under Fixed Wind Power Platform [Dissertation].

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

271

Dalian: Dalian University of Technology, 2020

A, 52 KB T R SR ST 5 A [
W3], K KRB TR, 2020)

Xu T F, Wang T, Ye C M, et al. Research of electric cable path
planning based on heuristic optimization algorithm in mixed-land
scenario. Energy Eng, 2023, 120(11): 2629

Huang X, Yuan Q N, Li S L. Research on cable path planning
technology based on improved RRT algorithm. Comput Simul,
2020, 37(12): 332

(¥fE, RPKEE, R BT B0 RRT JvE 2k 2 A AL B
J. TR E, 2020, 37(12): 332)

Liu Q, Liu B B, Yu J P, et al. Multi-pipe bundle layout
optimization for aero-engine considering double-clamp constraints.
J Mech Eng, 2021, 57(19): 218

(s, X DLUL, T 58, 45, % UK - R AR i s Ksifl2
RS LA k. HUB TR A%, 2021, 57(19): 218)

Yang W F, Liu J H, Lii N J, et al. Method of cable dynamic
simulation based on PBD. J Mech Eng, 2024, 60(6): 21

(bl XUkte, B9, . JE T 00 B3 4 R g shid 2
DiETr . HUR T4, 2024, 60(6): 21)

Xu P, Li S L, Song Q M, et al. Dynamic response analysis of
mooring structure for deep-water floating photovoltaic platform.
Acta Energiae Solaris Sin, 2023, 44(10): 156

(T, BUESE, R W, 45 BOKEREZOLRF-6 RIngtash
WA 53T, A PHREAEMR, 2023, 44(10): 156)

Wang Z Q, LiJ Z, Chen W N, et al. Cosserat Dynamic Modeling
and Simulation of Mobile Cable on Satellite. J Beijing Inst Tech,
2023, 32(6); 740

Liu J F, Huang Y T. Multi-objective dynamic facility layout
method based on layout space evolutionary strategy. CIMS,
https://doi.org/10.13196/j.cims.2023.0593

(XS, BZE . B T4 Jay 23 (] HEAG ) 22 bR S 2 B s A 17
. S LA I 1% R 42 . https://doi.org/10.13196/.cims.2023.
0593)

Miiller M, Macklin M, Chentanez N, et al. Detailed rigid body
simulation with extended position based dynamics. Comput Graph
Forum, 2020, 39(8): 101

Xu S, Guedes Soares C. Evaluation of spectral methods for long
term fatigue damage analysis of synthetic fibre mooring ropes
based on experimental data. Ocean Eng, 2021, 226: 108842

Hou J, Kang Z, Jing X B. Fatigue damage prediction of steel
catenary riser based on OrcaFlex. Ocean Eng, 2024, 42(3): 1
(fder, HERE, FE2il. JET OrcaFlex HYANAHE ST % 95 1040
. MG TAE, 2024, 42(3): 1)

Zhang Y T, Yan J, Zuo D W, et al. Cable assembly simulation
modeling under suspended condition. J Syst Simul, 2013, 25(7) :
1513

(Skok ¥, Ee, 20, % BHAR TR IR R E. &
GifliE#4H, 2013, 25(7): 1513)

Zhang S, Tang Y F, Xu Y M, et al. Finite element simulation and
experimental study on cable bending process of power cable
bending mechanism. Mach Des Res, 2022, 38(3): 180

(BRBE, 17—, IR, 55 i DR AEIT S WM AR B0 il 72
ABRTTHIE S 55 FURBETHSRTSE, 2022, 38(3): 180)


https://doi.org/10.3969/j.issn.1007-7294.2023.07.010
https://doi.org/10.3969/j.issn.1007-7294.2023.07.010
https://doi.org/10.3901/JME.2011.09.117
https://doi.org/10.3901/JME.2011.09.117
https://doi.org/10.3969/j.issn.1009-0134.2024.02.002
https://doi.org/10.3969/j.issn.1009-0134.2024.02.002
https://doi.org/10.3969/j.issn.1009-0134.2024.02.002
https://doi.org/10.3963/j.issn.1671-7953.2022.03.019
https://doi.org/10.3963/j.issn.1671-7953.2022.03.019
https://doi.org/10.3963/j.issn.1671-7953.2022.03.019
https://doi.org/10.1016/j.marstruc.2023.103504
https://doi.org/10.1088/1742-6596/2218/1/012072
https://doi.org/10.1088/1742-6596/2218/1/012072
https://doi.org/10.1088/1742-6596/2218/1/012072
https://doi.org/10.1088/1742-6596/2218/1/012072
https://doi.org/10.1016/j.marstruc.2023.103525
https://doi.org/10.1016/j.marstruc.2021.103017
https://doi.org/10.32604/ee.2023.027537
https://doi.org/10.3969/j.issn.1006-9348.2020.12.069
https://doi.org/10.3969/j.issn.1006-9348.2020.12.069
https://doi.org/10.3901/JME.2021.19.020
https://doi.org/10.3901/JME.2021.19.020
https://doi.org/https://doi.org/10.13196/j.cims.2023.0593
https://doi.org/https://doi.org/10.13196/j.cims.2023.0593
https://doi.org/https://doi.org/10.13196/j.cims.2023.0593
https://doi.org/10.1111/cgf.14105
https://doi.org/10.1111/cgf.14105
https://doi.org/10.1016/j.oceaneng.2021.108842

	1 基于浮体结构的跨接电缆设计
	1.1 漂浮式光伏的浮体结构
	1.2 漂浮式光伏电缆跨接方案
	1.3 电缆跨浮体设计步骤

	2 电缆跨浮体方案关键参数分析
	2.1 浮体运行场景分析
	2.2 跨接缆构型分析

	3 跨接方案参数求解
	3.1 第一阶段
	3.2 第二阶段
	3.3 电缆跨浮体设计流程

	4 算例分析
	5 结论
	参考文献

