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Power flow calculation method and application of low-frequency alternating current

transmission system for offshore wind power based on DRU
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Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The low-frequency alternating current transmission system for offshore wind power based on a diode
rectifier unit (DRU) is a novel technical scheme with application prospects for the grid connection of deep-sea
offshore wind power. Due to the uncontrollability of DRU, the operation state of the low-frequency alternating
current system is controlled by wind turbines using grid-forming amplitude-phase control mode. To analyze the
relationship between system operation state and wind power control characteristics, a power flow calculation model
of the DRU-based low-frequency alternating current transmission system for offshore wind power was established.
Definite conditions and equations to be solved were determined according to the system operation control mode,
which accurately reflects the steady-state operation condition of the system under given wind power control. Based
on the established power flow calculation model, the sensitivity of amplitude-phase control mode and the system
operation state under different output levels were analyzed, and the system power flow under different reactive

power control strategies was compared. The analysis results provide a good reference for engineering planning and
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system control design.
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sensitivity analysis
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Figure 1 Low-frequency alternating current transmission

system for offshore wind power based on DRU
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Figure 2 Amplitude-phase control method of permanent

magnet direct-drive wind turbine based on P-U/Q-0
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Figure 3 Equivalent circuit of system
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Figure 4 Example of low-frequency alternating current
transmission system for offshore wind power
based on DRU

BT LR, AR SO A8 o X b A R A
HRASS MW E SR WUk 7 A R R R 5
PE R E R HE R R R, BT WM I AW
Jacobian i B , #fF 58 1 AU HL i AH 45 il R R 4k
WIE TR H P-U/Q-0 ¥ il 94 %01k 5 #1278
WA TAFE R TR R GRS B R iE AT
R s BT R H TS [) TG B ) AR 45 SR e B3
T

1 A6 2R EERAK

Table 1 Parameters of modules in example system

T e 2 L¥A HH
PRHLEE ) MW 11
7 m/s 12
HL R L {E kV 1.14
iy 0 T A HL LR kV 2.08
AR B AR Hz 20
H 8 LR L kV 1.14/69
A5 I bt p.u. 0.09
AL 5 37
RT3 54
MRS WS ) MW 504
s KL %L 1
75 2 kV 66/230
£ 7L s o A0 Y T MV-A 1100
TR
A2 RN p.u. 0.1
it A8 T A 2 L kV 220/194/194
BRI BUE S MVeA 1200
#1.42 0.18
it A8 A I p.u. #1~#3 0.18
DRU #2 .#3 0.36
o 0 R R AL B TR 1%
XU 1 D 8 % L, mH 7.795 6
LRV U B 7 C, uF 22.564 5
U V65 1 0 e Ly, mH 4.385
XU T IR R 7 C uF 62.679 2
HL R AR kV 230
EES 3
R[] TR i 1 L 25 2 Mvar 45
EZ MK km 100
BB L BH Q/km 0.023 3
B L R mH/km 0.399
LA i pF/km 0.173
it A2 A5 L kV 220/250
B B EARBE AT MVeA 1200
Wi LR 2 pou 0.18
MMC HE LR kV 500
LI WE R MW 1000
PR BTN B 60
T R L J mH 50
TR 7 mF 15

3.1 HRITEERIMEREIE
SR T U8 IE Fr A S A T R AR A oA M AR S
HEAT T R PRI A0 22 U R AR G ) T A R



55 41 5 300 AU AF T DRU By B XUH RS i i v AR G 5 5 ik B 7

BADEBA KB ALA R P-U/Q-0% 1, 45 &
3 (6) R FHHZ AL 75 5 H A7) 76 HLAL ) 2545 T8 ) 43 i
) 4 1l SR W 2 A2 HILZH XU AR B MPPT 8 5 B 5
LA AR S0, ARG R 5 g S
P B RS B AT RS AN i T 5 25 45 20 B R
Gl A R M E 5 s . Hop AT 1~
38 I A5 A1~78 43 i % Ry KUHL AL AL (B RUH 37 S5 {1
BLAL ) Tt A8 5 Fe A5 o5 FATL o 15 A5, 779 44 39 ME
TLEELE FE R G 1 A, 1 A5 40 9 DRU 5 5, 45 78
R R TE T 5y % 225745 R

@ 03
F e
1 S 02
2
i oK 0.1
= 0
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76
AR
(a) 7 o HL R 45 SR iR 2
5 10 w5 N O g A R
s 0.8
0.6 !
R 04 |
= 0.2
R |
41 46 51 56 61 66 71 76
W
(o) 7 I 45 R 2

B5 4 RABinit LRz E
Figure 5 Error of power flow calculation results of

example system
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Figure 6 DRU-MMC interconnected dual-terminal

power supply system
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Table 3 Comparison between electromagnetic transient
simulation characteristics and power flow calculation

model characteristics of DRU

MR/ . . . e w®2E/
v S 15 H A A y
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He Q Mvar 151.095 60 159.778 90 5.747
P, MW 329.138 00 328.86440  0.083
o Q. Myvar 53.817 50 55.559 38 3.237
P, MW 113.300 00 113.00040  0.264
. Q. Mvar 11.297 76 11.167 18  1.156
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Figure 7 Sensitivity of DRU converter bus voltage and power to output power of wind power
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Figure 11 Operation voltage level of wind farm under

different output levels and direct current voltages
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Figure 12 Active output coefficient of wind power
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