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Research on long-distance cable with skin-effect power supply of variable frequency
drive in offshore oil and gas field

GUO Jiangyan', OU Yanghui’, PENG Xin®, ZHU Wenjie’

(1. CNOOC Research Institute Co., Ltd., Beijing 100028, China; 2. Wuhan Second Ship Design and Research
Institute, Wuhan 430205, China; 3. School of Electrical Engineering and Automation, Anhui University, Hefei
230601, China)

Abstract: Underwater long-distance power supply is widely applied in subsea production system. The system faces
problems such as motor startup difficulties, resonance overvoltage and poor power supply quality. The impedance
and distributed parameters in subsea long-cable power supply have a significant impact on the output characteristics
of the power converters and the induction motor. On the basis of introducing the structure, key power circuits, and
parameters of the subsea long-cable power supply system, different modeling methods for long cables are analyzed.
And the long cable model with skin-effect is proposed. The mathematical model of short-circuit input impedance is
analyzed. Based on the measured cable parameters, the impedance characteristics of the cable model are simulated
and analyzed. The proposed model can effectively simulate the characteristics of the resistance and inductance
parameters, improving the accuracy of the long cable model. The long- cable variable speed drive is simulated, and
the steady characteristics, long-distance startup, voltage and current harmonics of the system are analyzed, which

will promote the application of subsea long-distance variable speed drive.
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Tab. 1 Parameters of step-up and step-down transformers

TR 2% % HE 2 i 2
BUETIH IMV-A 14 13/6.5/6.5
HIE B Hz 75 75
HE — IR /kV 6.6 40
BE IKHLE /kV 45 6.9/6.9
R /Q 0.964 0.423
T/ Q 10 10
T 3.5 3
EECHI /A 2 2
TRARFE /W 16 500 6 000
TIRARHE /W 135 000 55 000

Rzl IR, WE LI ATS Hz, #H
&H100 T/65 C, FEEZH e A4 T, Ll
150 mm* 2R A5 S A FRS, FEERP A EFUFSHL

R2 FREPNSY

Tab. 2 Parameters of pump motor

HiE T IEBIE 24
SET-HLBH R/ 0.1125 0.070 4
ST HPT X /Q 2.624 0.105
i R,Q 0.107 9 0.084 4
- HEPXQ 1.302 0.051
HL R AT X, /Q 62.2 2.49
BRI 25 2K BEL T /Q 1363 21
R (%) 0.883 -
A Hz 75 3
HiE HUE KV 6.6 0.264
ZE HI /A 297.1 -
DI FE (pu) 0.883 -
TS / (r/min) 4 460 -
TS /N-m 5352 .
WIAE L /N-m 1500 -

F3 150 mm® &8558

Tab. 3 Real parameters of 150 mm’ cable

i Hz B (Qkm) MU/ (mH/km) FA2Y /uF
25 0.124 3 0.404 3 0.1530
50 0.1254 0.393 2 0.1530
67 0.126 4 0.3853 0.1530
77 0.1272 03811 0.1530
100 0.129 3 03729 0.1530
200 0.143 3 03518 0.1530
500 0.2055 03182 0.1530

1000 0.298 6 0.2890 0.1530
2000 0.422 6 0.266 6 0.1530
5000 0.666 6 0.2457 0.1530
10 000 0.9412 02352 0.1530
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