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In the production power transmitting of a floating production system like a wind offshore floating, the power cable should be connected
from the surface system into the subsea system, The connection between the surface and the subsea system will make the power
cable get a dynamic load like current and wave forces, Based on this condition, a dynamic power cable is required to endure external
physical force and vibration in the long—term condition, It needs more requirements than static power cable for mechanical fatigue
properties to prevent failures during operations in marine environments where the external and internal loads work continuously, As
a process to verify, the durability test of dynamic power cables under the marine operation environment condition was carried out
by using domestic technology development,
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Fig. 1 Scheme of dynamic power cable system
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Fig. 2 Installation of dynamic power cable(LSE M)
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Fig. 3 Cross—section design of dynamic power cable(LS
Cable)

Table 1 3-Phase conductor

Parameter Characteristics
Voltage Rating AC 33kV
Quter Diameter 62.6mm
Insulation TR-XLPE (Semi-Wet Design)
Power Core Area 630SQ
Number of Power Core 3EA
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Table 2 Dynamic power cable bundle properties

Parameter Value | Unit
Outer diameter 167 mm
Weight in the air 35.5 | kgf/m
Weight in seawater 15.7 | kgf/m
Axial stiffness 273 MN
Bending stiffness (stick) 1,130 | kN-m?
Bending stiffness (silp) 10.9 | kN:m?
Torsional stiffness (clockwise) 328 | kN-m?
Torsional stiffness (counter—clockwise) 140 | kN-m?
Allowable tensile load 50 tonf
Minimum Bending Radius (MBR, static) 1.5 m
Minimum Bending Radius (MBR, dynamic) | 3.0 m
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Fig. 4 Dynamic power cable bending performance curve
(LS Cable)
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Fig. 5 Dynamic power cable lazy—wave configuration
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Fig. 6 Extreme condition : Far condition effective tension
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Fig. 7 Scenario | : Cable load-out

Fig. 8 Scenario Il : Cable lowering

Fig. 9 Scenario Il : Cable installation

Fig. 10 Scenario IV : Cable pull=In

2.3 A|[EZH|
2.3.1 10MN SURF A|&lZH|

0|2 ABATHE] TEE 10MN SURF Z|Z2A|EA|
ABIS AR A2 A| 2HMISH= HEE51E0| h:EE' 0H°o*5"||0|5

EL c;'%Oil 2 F IJH—r EF% AI%.*‘&%%*.':.*T‘—P ZLOﬂ
AYZEH[7t Hesin, 2 Z|= Clekst 2ISAIH
Sk Jui Ax7t MES AHolE 3.__ EIEAIQJ
0H3|7|4—|'(Flg 11)ol| o| I RIS QTEE 15K Al
°._|’<°| XH:IITXHQI' T @70 w2 Al o HAN mf
2 |z 0[2} &2 270 Magket AHDE AIFERHO|
Al 1I’“5|A1%% =& dFolE EF & oigf 7=
oM THE= Ad(2|ZA 70| S(umbilical cable), ZM
M7 2Z(fiber rope)2l Q1A EHMSI= EA
torque)oll CHEt SM AlFE JISSIES Mo =M oy

Sy
n

H

A&
| o-

y

olr
o _Ox i o|

2 =Y 7 W =AUk

Fig. 12 10MN SURF fatigue test machine (Mokpo National
University)

Dynamic
Power Cable

[ |

i

Fig. 13 Concept drawing of cable test
oM Ztfjoll= shAH 0= (umbilical, riser, flowling) 2 Al

ol

CHStRMEHS =27 M| 587 A1S 2021H 2&

r



A4

2

O
=0

i)
)

(mooring chain, wire and rope)2| ZH QIS AlggI}

b Qe AlRd Aldo| TReh A=oieLt skl
THIE{S] 10MN SURF I Z2AI-AIARI(Fig. 12)9] A
=2| Aol of=le 5= Biof giAE S

1= A[EE oM e 5 | =ACE

> >
ol

oot oSt

S 112
mr H

O mir np
1o "

El
Ho
w e

)l

>

2.3.2 58|

Table 3 Measuring facilities

Measuring eguipment Specification

(O 5kV Diagnostic insulation resistance
tester

o Measures up to 10 TQ

o CATIV 600 V safety rating

o Pl, DAR, DD, SV and ramp test

O Data acquisition system
o Number of channels : 1000
o Strain measurement
— Bridge excitation : DC2V 24ms

O Power supply

o Voltage:0~12V, Current:0~30A

o Constant voltage operation
Line&Load regulation : <5mV

 —— O Portable paperless recorder
:-'--r..';*E o Input types : DC voltage, 1-5V
[ '-;'-';; thermocouple, resistance temperature
SR detector

= o DC Voltage Range : 20mV~50V
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1
2
3
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5
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Table 5 Test condition for each stage

Stage No. Test condition
Initial — Max. Force : 50 kN
stage — Control mode : Force control
9 — Test speed : 50 kN/min
- Max. Force : 160 kN
Stage 1 — Control mode : Force control
- Test speed : 11 kN/min (10 steps)
- Max. Force : 320 kN
Stage 2 |- Control mode : Force control
- Test speed : 13.5 kN/min (20 steps)
- Max. Force : Until break
Stage 3 |- Control mode : Displacement control
— Test speed : 5mm/min

Table 6 Operation condition verification process

Measurement

Before / After o
monitoring

Procedure

() Apply to pre—load up to
50kN and set on 0 at this
point Elongation

(@ Number of load increments

up to 160kN (maximum Tensile load

operation load) minimum|  Insulation

10 steps. resistance Conductor
@ During 15minutes, keep resistance

the tensile load and check Optical

any data measurement fiber Armor wire

and monitoring failure failure check
@ Applied load shall be
relieved down to (O Rotation
(® Same as ® angle
(6 Same as @~ procedure

repeat 2 times more.

2.5.1 1 ©HA(Stage 1) :
o =71 Z15(Operating condition verification)
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Table 7 Extreme condition verification process

Measurement
Procedure -
monitoring
(M Number of load increments up to 320kN
(maximum extreme load) minimum 20
steps. Same as
(@ During 15minutes, keep the tensile stage 1
load and check any data measurement
and monitoring

2.5.3 3 ©HH|(Stage 3) :
Z|of "t 315 HAH(Breaking load check)

Table 80f E0iX|= 3 EHAOM = 2| HEEZ stE2 Al
% elvtsto =& mbe AHol29l =|cl mitt sEE =elske A
xfo|oq, MA mITh sEEDF Al Azt H|mEAM 3 AR = 5
X ZAE S8 mlttH gol fEo=z St
Table 8 Breaking load check

Measurement
Procedure L
Monitoring
(1 After Stage 2, increase the tensile Break load
load up to break.

Table 9 Measurement and monitoring data for the test

M rin
Measurement Target e?s“ ng
equipment
Power core Conductor Multi meter,
. i 3-Phase .
resistance & Insulation 5kV Insulation
} Power Core )
Resistance resistance tester
Optical
Optical fiber failure Optical fiber Fiber
Checker

Armor wire failure %2|Z armor

DAQ Recorder

check wire Hist &3
OfH It o £of ——
. S o= mplif
Rotation angle AMH|E &= = S Pl led
Equipment

MY 5

MTS Universal
Test
Machine

Dynamic

Ultimate tensile load
power cable
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M Tt (Petrobras specification I-ET-3500.00-1500-
291-PAZ — 002 REV.B, Umbilical for Subsea Applications,
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“Monitoring During  Full-Scale

3. A&t

g
N

Z (operating / extreme condition)oll thsl A
TICRAE 2 492kNS &kRI5IICHFig. 15, A
= 2F 2 300kN).

Time-Force Curve

3000 ——LS_Dynamic Power Cable

Max. Force : 2492.52 kN
2500

/

=

/

/

Stage. 2 | Stage. 3
(Extreme Condition) | (Break)

g

1 Stage. 1
(Operating Condition)

Force(kN)

g
_______,-__

Force
320 kN 1

300 350

Time(min)

Fig. 15 Time - Force curve
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Full-Scale Test ( Pure Tensile Test )
Date : 2019, 06. 12
Site - Mokpo University SURF
Conductivity Resistance (mV)
Core # 1 Core # 2 Core # 3
OKN 167 Criteria : 1.70 1.64 Criteria : 1.67 1.7 Criteria : 1.73
SOKN 1.68 1.65 1.69
160kN 1.67~1.68 1.64~1.65 1.68~1.69
S0KN 1.68 1.65 1.69
160kN 168 1.65 1.69
SOKN 1.68 165 169
160kN 168 165 169
SOKN 1.68 1.64 1.69
320kN 1.69 1.66 1.70
S0KN 1.68 1.64 1.70
Break
“Manitoring
Full-Scale Test ( Pure Tensile Test )
Date - 2015.06 12
Site Mokpo University SURF
Insulation Resistance (GQ)
Core # 1 Core # 2 Core # 3
OKN 132.0 1280 130.0
SOKN - - -
160kN 140.0 1321 1453
50KM 1328 1107 1082
160kN 117.4 159.6 1103
50KN 153.3 119.9 158.6
160kN 1504 166.0 1215
SOKN 1221 1242 1187
320kN 1224 1455 1036
50kM 1718 207.0 1224
Break
* Before/After

* Considering Sample length Bm with dummy wire 15m, Insulation resistance should not

exceed 43.47G0

Fig. 16 Conductor resistance & insulation resistance

O Fig. 17~182} Zo| &7Ho|2 M= AZ =l ¢ v|SE
ZtZ(rotation angle), 418 (elongation) =0l CiSHME =X
etz st

Full-Scale Test ( Pure Tensile Test )
Date 201%. 06. 12
...
Optic Check
SSLT for Subsea SSLT for HUSS 2 1 SSLT for HUSS = 2

OKN Pass Pass Pass

SOKN Pass Pass Pass

160kN Pass Pass Pass

SOKN Pass Pass Pass

160kN Pass Pass Pass

SOKN Pass Pass Pass

160kN Pass Pass Pass

SOKN Pass Pass Pass

320N Pass Pass Pass

S0kN Pass Pass Pass

Break

= pefore/afer

Fig. 17 Optical glass fiber check

Full-Scale Test ( Pure Tensile Test )
Date - 2019.06.12
Site_: Mokpo University SURF
Elongation(mm) Angle ( degree )
Sensor (MTS) Core # 3

OKN o] 1.99

S0KN 3.1 1.91

160kN 7.24 1.91

S0KN 4.01 1.91

160kN 7.37 1.89

50KN 4.07 1.89

160kN 7.36 1.89

S0KN 415 1.89

320kN 12 1.81

S0kN 504 1.79

Break

*Monitoring

Fig. 18 Reference value
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