Application Research | RFHAHR

P TR R IR B Beaf i v i A8 i
X E) S HER A B I 5 o UERIF 5

FWE', B A, HIHE, FEF, = F, BEH, SR8
(1. i B BE A BRA R, dbat 1000285 2. F BiE LAEK NI MAERA R, AR FE 266000)

HE: MEREFRESHSEFREBNZS R, KTEFERNAHERMEBET, K THERS
BRAHARE K TEEHEAFREUFTHEZERER. FRIEESTHEBRSEZOQES FHEMIZIE
BTGB TEEE, RAXETPATREHNES. BERFEEEMUMAERETEXE, BIET
ImEETMIR KL FANIRIERESN, RPRETUEHEMEGEIENEAIR. BITRE, 8
B3k TEBRENARBELEEHRALE.

XEIA. KT, ImEEEME, HEnk

Key technology and experimental verification of subsea equipment power supply by
remote variable frequency drive in offshore oil and gas field

WANG Shuangcheng', GUO Hong', GUO Jiangyan', WANG Shanfen’, LI Xin', MU Siye', LV Jingjian’

(1. CNOOC Research Institute Co., Ltd., Beijing 100028, China;
2. Qingdao Ocean Engineering and Subsea Equipment Inspection&Testing Co., Ltd., Qingdao 266000, China)

Abstract: With the gradual deepening of my country’s deep-sea oil and gas field exploration strategy and the
continuous development and application of sub-sea production technology, the sub-sea power supply system
will become an important factor restricting the development and innovation of our country’s sub-sea production
technology. By carrying out load mutation, motor startup, compressor simulation and other long-distance variable
frequency power supply system tests, the test verification ability of the medium voltage high-power variable
frequency drive power supply system is verified, which shows that the system can effectively simulate the
application conditions and operating conditions of the actual project. Provide comprehensive technical support for

the research of sub-sea power supply system.
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Fig. 1 Liuhua 16-2 oilfield subsea ESP power supply scheme by

remote VFD
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Tab. 1 Parameters of ESP VFD and output filter of well Al in
Liuhua 16-2 oilfield

ZH ZHE
IR E KV-A 800

Hith BUE &V 0~ 6.0

Hi AR /Hz 0~ 70
T2 AL FLI /A 105
i HH DB A RS /mH 7.0
i B A LB / @ 300

R2 ML 162 HEBREHERSY
(BYHER: 3Xx3CX150 mm’)
Tab. 2 Parameters of subsea cable bundle in Liuhua 16-2 oilfield
(Cable cross section: 3 X3C X 150 mm?)

W /T 20.0 90
FR By EF
ALK EHFE / (Q/km) 0.1310 0.166 7
AL BT/ (mH/km) 03722 0.373 1
RO EERAY /) (pF/km) 0.4 0.4

®3 ML 162 HE Al HEERBHINSH
Tab. 3 ESP motor parameters of well Al in Liuhua 16-2 oilfield
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Fig. 2 I' Shape equivalent circuit of asynchronous motor
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Fig. 3 Characteristic curve of maximum torque reduction

With different Method

3500

3000
g
£ 2500
=
— 2000
=
#1500

1000

500
0 . . . . .
0 50 100 150 200 250 300
HEPR/N-m
B 4 THEBE SR NFIE 2
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Fig. 5 VFD output current & voltage waveform
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Fig.6 Motor input current & voltage waveform
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Fig. 7 RLC resonance equivalent circuit diagram
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Fig. 8 Resonance spectrum analysis diagram of filter free system
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Fig. 9 Resonance spectrum analysis diagram of system with filter
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Fig. 10 Overall architecture of medium voltage high-power

variable frequency drive power supply system
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Fig. 13 VFD output line voltage, phase current and power
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Fig. 11 Output torque, motor speed, shaft power curve

curve
- U’lb - ch
4000 ~Ua, _Uk
-
> 3000
S
= 2000
& 1000
0
R TR 19: 34: 09 19: 34: 35 19: 35: 00 19: 35: 26
1065  70.00A
005 A46.00A ; ;
L L
100 . veg
< 80
B 60
40
20
0
19: 34: 09 19: 34: 35 19: 35: 00 19: 35: 26
-SP -30 -3§
800
z T
=< 600 < =
HE EME < _ T~
08 08 08 # 400 T
4.0k 4.0tk 4.0tk 0.00 = e , —
—_— S — 2 e
0.00 (22008 0 |].00A“ 00 ~—— T T —— e
] e (R | 0
g R 19: 34: 09 19: 34: 35 19: 35: 00 19: 35: 26
e ok ‘ £ 785 2021 . )
iR e S E 14 BppilmgaE. ERR R
B 12 HE. BHiEMZE Fig. 14 Motor terminal line voltage, phase current and power
Fig. 12 Voltage and current curve curve

50 | @i bl - 2023 E 425 E 15



HEFEM T R D) #OK P Bear gt 2 A PR sl G B AR Be g uEIF 78

~ Torque

1 400
1200

= 1000

800 At
600 !

AR T/N-m

400

200

0 J

—

19: 13: 00

19: 14: 43

19: 16: 25

—Speed

19: 18: 08

5000

=]
2 4000

<3000

%)

2000
R
1000

—

—

0
19:13: 00

19: 14: 43

19: 16: 25

= Pshatf

19: 18: 08

500

400

300

200

LR ESLINY

100

0
19:13: 00

& 15

19: 14: 43

19: 16: 25

MHERAE. BAYLE BRI i 2k

19: 18: 08

Fig. 15 Output torque, motor speed, shaft power curve

-59.205
A54.808

B 16 BEiflinRE. ML

Fig. 16 Motor terminal voltage and current curve

www.eage.com.cn

e -114.0s -342.04A |

-454.0A
Al12.0A

Application Research | MNEBWHZE
U, - U,
6000 Yo Uy
z
54000
H
#5000
) #/’\/
19: 13: 00 19: 14: 43 19: 16: 25 19: 18: 08
-l s
fl _lc _l\'cx
80 & v\ t
< |
< 60 ‘
D 40 H —
ok ’
19: 13: 00 19: 14: 43 19: 16: 25 19: 18: 08
=P -0 -1S
800
§ 600 T
g
¥ 400 _
= N .
=200 ' = - —
0 |
19: 13: 00 19: 14: 43 19: 16: 25 19: 18: 08

E17 TREREHARE. HRRMIEHL
Fig. 17 VFD output line voltage, phase current and power

curve
_Uab - ch
4000 =Y = Uy
= 3000
S
%2000
2 1000
0
19: 13: 00 19: 14: 43 19: 16: 25 19: 18: 08
_lu _lh
-1 -1
100 c
80
< 60 I
= Il _
2 40 1/ I
|
20 J
0
19: 13: 00 19: 14: 43 19: 16: 25 19: 18: 08
-¥P -XQ -=S
800
Z 600 —
E e S
H 400 —
= A
=200 e
0 A =
19: 13: 00 19: 14: 43 19: 16: 25 19: 18: 08

18 EEflinskaE. HERMII L%
Fig.18 Motor terminal line voltage, phase current and power

curve

2023 1R - %i bd | 51



MAHRE |

Application Research

NS ~ P 18] L A8 431 25 764 WL 85 T
T, WENHLAT AR R A2 S A2 3 4 B2 4 90%
WoE AR, BAhILME R, B, SR K
HEA I 2 A TEEHIER, REGHRIPLE
W, R R R SR AR E S 90 % A
R, T BE B AT, S LAY R SR AR
PR AR
3.3 GEHMEXR

B A K BEAE30 km T3 R, 3 of sk As B
K A B WL A i R A T B R B LA R, AR
Al BE DX B 7 BBl P el R R o A A 5 T AT
i, SR B WL L P A T A LTS AR
Pedh e, FEARHURRPE Mh . AL TR S A R b 2 4
Bl 19T

EPS Power Curve

600

500

400

300

/KW

200

100

0 1 1 1 1 1 1 1 1 J

0 1000 2 000 3000 4000 5000
it/ (r/min)
E19 HBERFFEHE
Fig. 19 ESP characteristic curve

T BTS2 3P & A SR 36 R ST L B k)
A, RREHPLEEE . PR A, A
ke e, 2 as far AL . b L AN
AN LR LI 55 2 Bodt AT SRR D B, An 20 ~ 5123
PR

MIE20 ~ FE23 R UL . G R P SRR IR TSR
WP AR I B RN s AT R UL, R
2 S U PRI B AR Rl e 38 DA ik 05
HOREALHE TN, AR o B I IR B WU e . SR
LEREW: RGREER LIE, BhPLEREtT,
AE 1 A AR AL P 7 SR R 1

52 | @i Ll - 20235 F4255E 14

~ Torque
1400 gy —
=1200
Z1000 —
800 —=
= e
E 600 =
400 —
200 E— =
o -
11: 20: 10 11: 21: 01 11: 21: 52 11: 22: 43
- Speed
4000
£3000 —
= L
=2000 =
A -
=] L
iﬁl 000 }
0
11:20: 10 11: 21: 01 11: 21: 52 11: 22: 43
= Pshatf
600
> e
§ 400 P
v e
ﬁ )
- ~
% 200 =
_—-4"_'—/
0 L
11: 20: 10 11: 21: 01 11: 21: 52 11: 22: 43

E20 ERELEIHEAE. RIYLE BT 2 2

Fig.20 Motor output torque, motor speed, shaft power curve

-147.65 -346.0A
0f -90.80s -152.0A
A56.80§ AT94.0A

[@ 100A 0 @ 400k
f& THE BME B

E21 BHUREE. BiRH%

Fig. 21 Motor voltage and current curve



HETEIN TR FOK T BERs o 25 A Wit al) G s Ee AR B S g uERE 72

6000 . =

4000

HEUV

2000

0
11:20:10  11:21:01  11:21: 52
-1 -1

A .,

11: 22: 43

HLE /A
N
S

0
11: 20: 10 11: 21: 01 11: 21: 52 11: 22: 43

-¥P -2Q -S
800

600 <

400 =
200 " —

THEP/W
\

11: 21: 01 11: 21: 52 11: 22: 43

22 ETnEMHLRE. HRRMDIRHE
Fig. 22 VFD output line voltage, phase current and power

11: 90: 10

curve

-U, -y
~Us, ~U,

4000
> 3000

2000
#1000

0
11: 20: 10 11: 21: 01 11: 21: 52

-, -1
-1 -l

veg

11: 22: 43

b

100
80
60
40
20 | —

HLIALI/A

0
11: 20: 10 11: 21: 01 11: 21: 52 11: 22: 43

-¥P -¥Q -8

800
600
400 =

I P/kW
\

200 - ——

0
11: 20: 10 11: 21: 01 11: 21: 52 11: 22: 43

B 23 EREHYIRLRE. HER. WERMLK
Fig. 23 Motor terminal line voltage, phase current and power

curve

4 SRIE

AL T AR A L 2 T S0 iy Bt
B 5 RUn B R B s . G R B AR R ) S O
i I R LD LR B TR SR R M AR AR A %8

www.eage.com.cn

R R

Application Research |

AR P LA A T S e

1) GG 1 3 BE B 72 4 9K 5 55 06 o1 5 B Al AT
P, %P B E G R Ak T R RS
JEAHMIA, ATEAREATSRbs TRABA T, 5
ITIRE AL,

2) ARSI IS T SRR A R R
AR PERT R AT O, UEW T (9 AH ] Fe J B
ZeF G AT DA R Ui 2 . e WL S5 A [a] e 1k
KRREE

SE ik

[1]  HiFl, kR, Booil, %. #ed4-ThEKT
LB SR R il R RO e 5 1 )] v [
A, 2014, 26(3): 102-106.

[2] CE&EE, #3825, =805, %. B obrfK
2 LA IR B R D], ) 4R, 2018,
31(10); 101-109.

[3] ZEaEN, SIS, Eitd, %. KFE™RGL
JEBUARFIRF S AL[T]. WA JR{E TR K2 %4,
2019, 40(5): 944-952.

[4] S0TH, Xk, Fok, 2. KT HEd:
REGRI]. BAHA, 2021, 22(3): 1-5.

[5] GkiE&, Mgk, XIBei. A4 a8 m i Bk T
LT SR AR il R 2 (0] /IR T 4 5300,
2020(2): 95-97.

[6] Z=ENI, B|Ms, Fitd, %. KTFTETREL
JEBLRFOBFFE S [T]. WA IR T RE K224,
2019, 40(5): 944-952.

[7]1 Epk, ZFE, &@d. EREGTRER D
ML SRR 75 R IR TFI]. PRk, 2016,
29(11): 44-46.

[8]  EXR. AT AR 36K R 5L
). TR, 2014, 48(7): 10-12.

(==TEMI

EWRE (1990—) , 5B, fid, TEIH, MHE
I T RAR T B B L B TR,
(Weke H ] 2022-11-02)

202318 - @i bdl | 53



