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A coordinated control strategy for fault ride-though capacity of direct-drive
permanent magnet wind power generating units

BIAN Xiaoyan, TIAN Chunsun, FU Yang
(College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: To improve the direct-drive permanent magnet wind turbine fault ride-through capability, a new coordinated
control strategy for enhancing the fault ride-thought (FRT) is proposed, which adopts emergency pitch technology to
reduce wind turbines’ output during fault, and to reduce the active power deviation of the DC-link. A novel DC-link
parallel capacitors control strategy is adopted to provide means for power evacuation during grid fault conditions, and
then limit the fault during the DC bus voltage swell further. In order to make the reactive power control capability of
PMSG the grid-side converters are utilized to provide reactive power for the grid prior to operating the voltage control
mode. A detailed FRT control strategy is given, and a simulation model is established by DIgSILENT. The results verify
that the coordinated control scheme not only limits the DC bus overvoltage, but also provides certain dynamic reactive
power supporting to the grid, which has a fine effect for the wind farm achieving the low/high-voltage ride through
capability during grid fault.
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Fig. 1 Structure of a PMSG-based wind generation

system and controller
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Fig. 2 Active power flow in DC link
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Fig. 3 Control scheme of pitch angle controller
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Table 1 Relationship between pitch angle and power coefficient

Cp 0.05 0.15 0.25 0.35 045

Po 35 20 13 4 0
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Fig. 4 General view of the proposed capacitor scheme
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Fig. 5 General flowchart of a control system

ARG = MR, R RS 18] 2404 s,
IR BB 10, H R L T 6T,
A DL RS IO, B BRI T e

RN
3.0 :

. — (C=10 Mvar
2 23 - —- C=20 Mvar
2 o20F 0 [TT-- | o C=40 Mvar |
= R
2 15t ’
bS
moo1.0

0.5 . . .
0 0.5 1.0 1.5 2.0

ils
6 ZHRERYETIARNEAREENERRE
Fig. 6 DC link voltage during there-phase-three-to-ground fault
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Fig. 7 Flow chart of the proposed control strategy
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Fig. 8 Simulation model for the case study
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Fig. 9 Simulation results of LVRT

AR LRI AT MG L, S E WL M
HE TR Z BRG], HR LSBT R R 71.05
p.u, I P ECLRE DR BB, R KL
B Miatr o SRAA SO Il sk 2 i, R
AR A AE RGeS RO T KRB TR, A7
UM BEARIF I s 2 1.1 pow., LR REZk H s B
FEBUE VB Z N

131

Z 12t
2 L1t
210
;g: 09}t
= 0.8
0.7F

LY BEZE U /p .

TR A /p.u.

t/s
40
g -—- R
o0
3:\% i ! yr T T T T T T T
IR, ‘, |
605 i” - Jz 3 4 5
t/s
E10 SREFUAELR
Fig. 10 Simulation results of HVRT
4 iR
ARINH DRI DAL, St —Ff
PR B SRR . TR ELIE A S BRI U A2

Vi U5, ST R R G b o g
AU L P 2 e P S R BB, AR BLT
4iig:

(1) B SRR W SRR A 7 e 3 P
R, B AR R, A RO R R
2 O PR AT Zh 2 22

(2) FF 35k HL e s 42 I g A R A7 20 PRt 4 i) o
MR E PR U T e RSO LA S o H i
MRS, AR ARSI R 8 TR,

(3) RG], 7853 K A% DFIG 1 JC o5 il
REST, Bl T RGBTSRy, XNAga T & E
R A AR N HL R AR 25K . BREAE R GTHL IR kT
I A A JE, SCREAE FEURS T N S
5% 3Tk
(1] R, Vrmete, SEk, & SR Rsh &I E g



_74 -

&) &GS

(2]

(3]
(4]

(5]

(6]

(7]

(8]

[9]

(10]

(11]

BN RGUARLERIE ML), B R G R Y 1%
1, 2014, 42(12): 57-64.

DONG Bo, XU Xiaoyan, MA Shuo, et al. Influence study
of wind power on system frequency control based on
long-term dynamic simulation[J]. Power System Protection
and Control, 2014, 42(12): 57-64.

MOHSENI M, ISLAM S M. Review of international grid
codes for wind power integration: diversity, technology
and a case for global standard[J]. Renewable and Sustainable
Energy Reviews, 2012, 16(6): 3876-3890.

NETZ E. Grid code: high and extra high voltage[R].
Bayreuth, 2006.

GB/T Q9963-2011 K HidzH N\ il ) RGHA M E[S].
2011.

GB/T Q9963-2011 technical rule for connecting wind
farm to power system[S]. 2011.

TSILI M, PAPATHANASSIOU S. A review of grid code
technical requirements for wind farms[J]. IET Renew
Power Generation, 2009, 3(3): 308-332.

e, A, RTRE, AR HIRSUXHENLANLE RS
BT E[T]. HIMHOR, 2011, 35(11): 29-34.

GAO Feng, ZHOU Xiaoxin, ZHU Ninghui, et al.
Electromechanical transient modeling and simulation of
direct-drive wind turbine system with permanent magnet
synchronous generator[J]. Power System Technology,
2011, 35(11): 29-34.

CAUSEBROOK A, ATKINSON D J, JACK A G Fault
ride through of large wind farms using series dynamic
braking resistors[J]. IEEE Transactions on Power Systems,
2007, 22(3): 966-975.

BA1528, Ak, VRt O VSCF KU RGEE
M) Crowbar HLES I HHT[I]. W ARG LI ABhift
2317, 2008, 20(3): 118-123.

HU Shuju, LI Jianlin, XU Honghua. Simulation analysis
of DC-link crowbar for direct-drive VSCF wind power
system[J]. Proceedings of the CSU-EPSA, 2008, 20(3):
118-123.

SOAFRR, RIE R S e AT M B R S
M. B RGRY 5, 2013, 41(16): 48-53.
DANG Cunlu, LIN Guofu. Application research of
superconducting magnetic energy storage in grid-connected
directly-driven wind power generation[J]. Power System
Protection and Control, 2013, 41(16): 43-58.

Pee, BRVUE, HetE & ETRERARRE ORI E
XX R 2R AT HL s 2 R R SRS D). WL R 48 A B,
2013, 37(13): 36-44.

YAO Jun, CHEN Xiyin, XIA Xianfeng, et al. A low
voltage ride-though control strategy for direct-driven
permanent magnet wind power generation system with
flywheel energy storage unit[J]. Automation of Electric
Power Systems, 2013, 37(13): 36-44.

sk, Fk, BEARD, S FETAREI KKK H
RAEMNTHRIEHII]. B THEARZAR, 2011, 26(7): 7-14.
ZHANG Kun, MAO Chengxiong, LU Jiming, et al.
Power control strategy of directly driven wind turbine

(12]

(13]

[14]

[15]

[16]

[17]

(18]

with energy storage system[J]. Transactions of China
Electrotechnical Society, 2013, 36(13): 36-44.

XUPESC, AV, /4. PMSG Jo o il AMIC HL s
RS IWEL]. D R 55, 2012, 40(2):
135-140.

LIU Shengwen, BAO Guangqing, FAN Shaowei. Research
on reactive power control and the low-voltage ride-through
capability of PMSG[J]. Power System Protection and
Control, 2012, 40(2): 135-140.

LEE Kyoungjun, LEE Jongpil, KIM Taejin, et al. A
simple reactive power control strategy for grid-connected
inverter based PMSG wind energy system[C] // 8th
International Conference on Power Electronics-ECCE
Asia: “Green World with Power Electronics”, 2011: 83-87.
Ak, B2, FUAEE, . TR ARAS K K
AN EREE 2 5 (e SR S G R L WA S v
2008, 32(19): 92-95.

LI Jianlin, HU Shuju, KONG Deguo, et al. Analysis on
the low voltage ride through capability of direct drive
permanent magnetic generator wind turbines[J].
Automation of Electric Power Systems, 2008, 32(19): 92-95.
NGUYEN T H, LEE D C. Advanced fault ride-through
technique for PMSG wind turbine systems using line-side
converter as STATCOM][J]. IEEE Transactions on Industrial
Electronics, 2013, 60(7): 2842-2850.

AL, SEE. R K X L2 A 4
Ui B[] B RGERY 50, 2010, 38(21):
189-195.

LIN Hong, CHAO Qin. Simulation and analysis of
transient characteristic of grid-connected direct-drive wind
power system[J]. Power System Protection and Control,
2010, 38(21): 189-195.

YR, R, BT HIOKBIR ) R ARG
PALFEHII]. B RERY 515, 2014, 42(9): 54-60.
GUAN Weiya, WU Feng, JU Ping. Simulation and
optimized control of direct-drive permanent magnet wind
power system[J]. Power System Protection and Control,
2014, 42(9): 54-60.

SUN T, CHEN Z, BLAABJERG F. Voltage recovery of
grid connected wind turbines with DFIG after a short-
circuit fault[C] // The 35th Annual IEEE Specialists
Conference on Power Electronics. Aachen, Germany:
IEEE, 2004: 1991-1997.

Wgts HEA: 2015-06-24;

& HHF: 2015-07-09

1EEEN:

DB (1978-), 4, 4, #iE, AELF@ALHZ

SAEE 554, FHERABHEA; E-mail: kuili@l 63.com

WAF (1990-), F, @fzte%, MLEMRA, ARH

& R AR [ F AL;  E-mail: tchs2190@163.com

H 9100, F, Hid, #iE, ARFTEALHE

%4 . B-mail: mfudong@126.com

(%4 £37M)



