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Abstract: In allusion to the extended single-machine infinite
system containing double-fed induction generator (DFIG), the
influence of switching in DFIG on transient angle stability of
the system under asymmetric faults was analyzed. Based on im-
pedance equivalent model of DFIG, the detailed expression of
the limit clearing angle of the system containing DFIG under
asymmetric fault was derived according to the equal-area cri-
terion, meanwhile the effect of the two influencing factors, i.e.
the ratio occupied by the wind power and the grid-connected
position of the wind turbine, on the limit clearing angle of the
system containing DFIG was taken into account, thus the effect
of the two influencing factors on transient angle stability of the
system was obtained and the applicability of the two influen-
cing factors for different types of DFIG models were analyzed.
A simulation model of an extended single-machine infinite sys-
tem containing DFIG was established in PSD-BPA to verify the
correctness of the theoretical analysis. Simulation results show
that the results of the theoretical analysis are correct.
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Fig. 3 Equivalent circuit under single-phase

ground short circuit
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Table 1 Reactance parameters of example system
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Fig. 5 Angle characteristic curve of six kinds of

induction generator models
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Table 4 Transient stability level under different direct
access wind power ratios

SN 2 e/ ()
K (B A% GE DF FD
10 133.56 147.09 146.51
15 122.04 126.13 125.71
20 113.40 112.42 112.15
25 108.01 104.85 104.71
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Table 5 Transient stability level of different wind power
ratio under equal capacity replacement
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Table 6 Transient stability level under different grid-
connected positions of wind turbines
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Table 7 Accelerate and decelerate area under different
wind power ratio directly connected
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Fig. 9 Generator angle difference of directly grid-connected

FD wind turbine
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with equal capacity replacement
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Fig. 13 Generator angle difference considering grid-
connected position of GE induction generators
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Fig. 14 Generator angle difference considering grid-
connected position of DF induction generators
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Fig. 15 Generator angle difference considering grid-
connected position of FD induction generators

Li LRA, AR PO XS XA L
F G AR E PERS W o A ) B A S 5 0
IIHTEEIRRT LI 8 R

4 #Hig

AR PR RS, X DFIG HL ) R GEH)

A8 H,2020,37(4)

®8 BIRHEXLLSHT

Table 8 Contrastive analysisof Theoretical Simulation

FmHEER GE DF FD  =FiAWLBAIZS
K (HHEHEN) V \ J —5
K \(GFA B ) V y J —5
K, y y J —

(FPNFoRIEHE T 5 1 HLAE A — 80

AR eI T T, i IS DL
5 HIGUE, SEIZ580T .

1) DFIG #E AR5, ANSUERZEILAE DI N
WF, Bl B A KR R 3G, dR s T
DFIG M4 B BALTC 57 K R G ST e .

2) DFIG# ARG, RAEFLHAEIH I,
RGN AT, 7R X
K, % DFIG ¥ RHHLTCST KRG8 ST
R PRk

3) RAHLEE AL BT 9T KRG, R4
P S ) F e M

4) % 3 A AN IR DFIG #ER1(#) i 1 2R 58 s
B BRI 40 BT 5 0 B 56 TE 2 B 2 XU XU 2R G A
FRUIBR F R fiff 7 32 (A3 M AT o

Sk

C11  XUHHE, 2= Pe4R, JE . 3£ T PSCADRY B KL HLAL
AL MR (1], MACH Ty, 2016, 33(2):
64 — 69.
Liu Siwei, Li Gengyin, Zhou Ming. Research on ator-
transient equivalent modelling of doubly-fed induction
generator based on PSCAD [J] . Modern Electric
Power, 2016, 33(2): 64 —69 (in Chinese).

(2] BRDUR, B %, 5K 4. DFIGKE U5 & 3 i B ) R 40
BAREEREm (1], BCHE T, 2018, 35(4):
66 —171.
Chen Hanjie, Luo Yi, Zhang Lei. Influence of doubly-
fed induction generator inertia control on power system
transient stability [J]. Modern Electric Power, 2018,
35(4): 66— 71 (in Chinese).

(3] s KU I ROxs i 1 REEEAFE RN [D]. #)
Jb: SRR, 2014

(4] S, B, JORER. OB X i ) REE 52
M AL SR [0 ], A ST i REIR, 2008, 24(1):
44 —48.
Induction generatorgGaofeng, Zhao Haixiang, Dai
Huizhu. The impact of large-scale wind power on

power system and its countermeasure [J]. Power Grid

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.3969/j.issn.1007-2322.2016.02.011
https://doi.org/10.3969/j.issn.1007-2322.2016.02.011
https://doi.org/10.3969/j.issn.1007-2322.2016.02.011
https://doi.org/10.3969/j.issn.1007-2322.2018.04.010
https://doi.org/10.3969/j.issn.1007-2322.2018.04.010
https://doi.org/10.3969/j.issn.1007-2322.2016.02.011
https://doi.org/10.3969/j.issn.1007-2322.2016.02.011
https://doi.org/10.3969/j.issn.1007-2322.2016.02.011
https://doi.org/10.3969/j.issn.1007-2322.2018.04.010
https://doi.org/10.3969/j.issn.1007-2322.2018.04.010

9537 & 4 4 1)

SRR & KA RIS R AR GEA R T 1B SR e v

375

[5]

L6]

[7]

(8]

9]

[10]

L11]

and Clean Energy, 2008, 24(1): 44 — 48 ( in
Chinese).

IR, I A2, RGN, A RS XU LA B v
ARG RIEA (1], shE Ty, 2018,
51(4): 33 —38.

Li Yuanyuan, Sun Zian, Zhang Zhigang, et al. Impact
of centralized access of large-scale wind turbines on
system short-circuit current [J]. Electric Power, 2018,
51(4): 33 —38 (in Chinese).

A, whER, XUCRL. BET XU AILZE 2 A A XU T
YRR IIESESE L] WhIE g, 2018, 51(6): 136 -
143.

Li Jianfeng, HanQin, LiuZhanli. Research on wind
power reliability evaluation method based on wind tur-
bine component group [J] . Electric Power, 2018,
51(6): 136 — 143 (in Chinese).

ARAR, A7 AR T4 R A58 AR U 4 5 R RIS XU ri
i RZgg st L] i R 51
i, 2012, 40(12): 105—110.

Lin Li, Yang Yihan. Transient stability analysis of
power system with large-scale wind farms based on ex-
tended equal-area rule [J]. Power System Protection
and Control, 2012, 40(12): 105 — 110 ( in
Chinese).

TR, IMEZR, Vi, 55, SUST KR ALZE H A 1L ) &
soifafEtErEm (] BMEA, 2013(12):
3399 — 3405.

YuQiang, Sun Huadong, Tang Yong, et al. Effect of
doubly-fed wind turbine access on power angle stabil-
ity of power system [J]. Power System Technology,
2013(12): 3399 — 3405 (in Chinese).

TIE, BRI, ABITAR, S USRI R A R A
SRR ERMEN T [1]. BB, 2016,
40(3): 875 —881.

Wang Qing, XueAncheng, ZhengYuanjie, et al. Effect
of doubly-fed centralized wind power access on transi-
ent power angle stability [J]. Power System Techno-
logy, 2016, 40(3): 875 —881 (in Chinese).

Wk, sk, 2 TR, i REHR ARG S S
T s (1] m RSO, 2009, 35(8): 2042 -
2047.

Yang Qi, Zhang Jianhua, Li Weiguo. Transient stability
analysis of power system after connecting to wind
farm [J]. High Voltage Technology, 2009, 35(8):
2042 — 2047 (in Chinese).

Wz SR, skAd, 4. 454 DFIGH SREFHEAF 78 KA
IR R Gt ErERZm (], MEAR, 2015,
39(12): 3401 — 3407.

LuoXuzhi, Yi Jun, Zhang Jian, et al. Combining DFIG

A8 H,2020,37(4)

[12]

[13]

[14]

[15]

[16]

power characteristics to study the influence of wind
power integration on power angle stability of power
system [J] . Power System Technology, 2015,
39(12): 3401 — 3407 (in Chinese).
AR . R KU I 00 2R 40 8 25 A 0 A e A
[D]. W/RIEE: BR/RIE Tl R, 2017,
LH 2, R, FI, & SRS KRG E
MLRGEE S IfafeEttnthord ] FEEHL TR
“#4i2, 2018, 38(4): 999 — 1005.
Jiang Huilan, Wu Yuzhang, Zhou Zhaoqin, et al. Tran-
sient power angle stability analysis method for multi-
generator systems with doubly fed wind farms [J] .
Journal of Electrical Engineering of China, 2018,
38(4): 999 — 1005 (in Chinese).
RN, HRAHIA, R B3, 55 KT E T KU
ML AR YR R o B [0, nT /R BEDR, 2017,
35(6): 884 —892.
Li Lixin, Chen Dezhi, Chen Shuyong, ef al. Analysis of
the influence of wind power on transient out-of-step of
power grid under wind-fire bundling [J] . renewable
energy, 2017, 35(6): 884 —892 (in Chinese).
KB, KA, Iz, S U KBLEAXS RG]
BRI Bx M B9 2w [I]. s L5 #5001, 2019,
46(09): 85-94.
Zhang Xuejuan, Wu Shuijun, Sun Shiyun, et a/. Impact
on limit clearing angle with doubly-fed induction gener-
ator connected to power system [J]. Electric Machines
and Control application, 2019, 46(09): 85— 94 (in
Chinese).
I, A, F il KRB AN RGE A
R LB L], P E AL TR, 2017,
37(5): 1325-1334.
MouPentao, ZhaoDongmei, Wang Jiacheng. Mechan-
ism analysis of the impact of large-scale wind power ac-
cess on power angle stability [J]. Proceedings of the
CSEE, 2017, 37(5): 1325—1334 (in Chinese).

KB 2019-03-16

fEEE T

ke (1994) , &, WAL, NESKER RS
R ETESHTIISE, E-mail: 982328600@qq.com;

b (1981) , Zo, dEfEMER, BIEER, MFEREg
N RGREE/HIIFE, E-mail: 422416503@qq.com;
g (1989) , 9, WitAFsAd, NFESKEBE RS
FaE M TSE, E-mail: 274015227@qq.com;

B (1994) , B, LA, WNFS BB RGR
FEVES ST, E-mail: 1129991656@qq.com;

THEN (1996) , L&, WEmsEd, NERH % 2
{598, E-mail: 1005850903 @gqq.com.

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1674-3415.2012.12.019
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1671-5292.2017.06.014
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015
https://doi.org/10.3969/j.issn.1673-6540.2019.09.015

