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Influence of wind turbine inertia support on frequency drop characteristics of power
grid
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Abstract: With the increasing penetration of new energy sources in large synchronous grids, renewable generator
units that do not have inertial response capability may undermine the inertia of the system. In response to this prob-
lem, scholars have proposed a variety of inertia support methods for wind turbines and verified the effect of wind tur-
bine inertia support in the IEEE standard example system. However, there are few research concerning the effect of
wind turbine inertia support on the transient frequency stability of synchronous large grids. For this reason, the pa-
per firstly analyzes the frequency drop characteristics in the case of power deficit in large power grid after the renew-
able generator penetration increase by fault time sorting, typical example simulation and mathematical model analy-
sis. Moreover, the influence of wind turbine inertia support on the frequency drop characteristics of large power
grids is studied. Finally, the influence of the inertia response on the primary frequency modulation is analyzed when
the wind turbines simultaneously perform inertia and primary frequency modulation support. The results show that
different wind turbine inertia support methods have different effects on the system frequency drop, and that some in-
ertia support methods may lead to drastic frequency drop.
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Fig.1 System frequency and dynamic characteristics of a
typical unit
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Table 1 Major frequency drop events

H HeahF DI BRAT/MW DI BRAT 5 L% R ARF/He AR R AR B ]
2009-05-15 = 2 BHLBEIR 1 400 0.72 49.916 TR 554 s
2009-07-23 = 3 BAHLBEIR 1950 1.00 49.900 TR 554 s
2015-07-13 L4 FLIR A4 3 685 2.67 49.808 TSR 11 s
2015-09-19 BRI LI A5 5 400 3.55 49.560 T2 12 s
2015-10-20 TG HIAL A 3709 2.68 49.768 [BARES RN
2016-05-06 BRAR LA A1 3 1720 0.85 49.932 [AEEAN
2016-06-17 BRI LA A 3 3 066 222 49.872 569 s
2016-08-02 T4 AL A 3713 2.69 49.889 TR 55 7 s
2017-03-31 R H A 2636 1.89 49.887 [BACESI
2017-07-02 B4 LAt 2343 1.70 49.917 B AR 12 s
2018-05-27 R H A 2283 1.64 49.903 [AREARE
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Table 2 Support effect under different inertia time constants
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Fig.5 Support effect with the influence of speed control on
electromagnetic power considered

5 a) T LA, KBRS TR
J& . RGIFEAL R KBS S HERT 114 49.205 Hz
PR E 49.17 Hzo HEIS(D) AT LLE H, ZFTAKXL
LA SRR G R A T, 2N
FER G T R R I B (9~28 s), HLAS I
I PERE T KL D1/ N AR SEA T S R
BLH 1. BB S (o) A%, ZR G0 RAE M4 k7%
I (0~9s), XALHBEHIHERT 1p.u., WHLELH
TR, WOBOBERCR TR, XALPLAE )3 TR
el ) R (e R &2 2 MPPT 5 (1.2 pou), fi

JRHU Sl YRR DR e, 2 A A o S L B
(8 PH 5 45 S r R DR A I, B
(3) H Py T80/ N BE KT T, < (=df/de) B i
WALt HL DA/ INT 1 pous, OB BAS 1 S
FERE T B9 P LA H F 2 3 A R G R T i A
()5 2 B (9~28 ) FFLE/INT A HEAT 5 S0 AL
H T

4 RAIRESEX—

4.1 EBIDH

SCHR[3,9-13 148 H, WSR2k KBV TE R
GO R RIS UEAT — U, D B XML IE
B AT A A e WA SRR R 1 R B, S —Ik
PRI HERE R TR o 32 DA A A SR UM 13 B 4%
L AUKEE KBS 7 P A7 R S REDEA T — R IR,
D) — YRR S 45 W 3 RS ) A A PR, e DL
ST UM, LR R s E

FiEE H ATAS [R] XUEE AL B — U iy =
S RHLE 22 SRR Bk 94 I R A7 — U A1 42 i 12
BANE . AR RBLIE F 32 17 B 38 Y il e 1
KBS, YRGE R IE 2T LR T—
URSZ T, BERORBLI B 25 T, 3R UL
AFHINU IR, BT IAMLL S, IXUBLA ok 4 il
R G A BN o B T 5 4 BT R, A —
YRR 7 15 1) 2R i 3 FL A

W RALR H a2 8 7 — g, Hok
JFH P B0 2 3o 4 ) 6T s D 36 2 il 1) kA 167 o
ZHE, WRBILAESEA 15 1 S 75 B e ik [l B E A 7 —
YIRS 5 o 3 g2 PR ok JRUBIL A — O R A2 3 ik
U RO R TG, T i A B ek s o %o
RGN R AR, AR AR S R A B T
Bl S )T FEL T T SR BB, D — YRR ARG 1k &
FEVEH

%H%ﬂﬂﬁﬁﬁﬁﬁii#ﬂ—mﬁﬁi
FERIXT RGN T2, DA S — R
%%K%mm%m,%ﬁMw%m,h%%%
BT RE R L B 4 Ay [ BF R4 T — YR R AR £ 57 7%
RIXEEHLLL S, R PSASP 1 T15 E M. R4
BRI 6 () hER s . T2 Ul B, KLiEtT
R S P 2 L T s X P R T R R R

B 2096 BT RE TR ML Br 4 Ry A — YRR B S 1

LT AT



%4

WRIEH, 25 PSR SCHE 0T o R By R P i S 33

AL J FREAT 05 B, 15 B R G AN & 6
() PR, Ui, XML T — U Y
PRI AN . KWL IE & 12 17 i o) A48 22 i 7
10% WA, TERGARBTEN, #Ran=X(5) fF
ISR S HEE T2, MR s A .

Py= Pyt X [ 0.9+ K1 —fu) | (5)
K. PO AR AR MRS HEE,;
Pywpres I MPPT FE i i1 B TR S (E ;. K N
IAHLE IR R B 5 o P XL B PR B Y R 8 A8
o BR Knind PHABE T AR ZME, 0.9 R KL
B IBATIFEE 10 % BY#8 A 2 .

50.0
49.9 LI — VA5t
49.8 JRHIL RIS A T — DR A AT o7
N 497
X 496
495
494
493
492 . . :
0 20 40 60 80 100
tls
O e
1.017
1.000 —F
0.983 -
5 09671 —— RWLRH
£0950F —— R
0.933 - ——— LRI T — YRR R i
0.917
0.900
0.883 . . : -
0 20 40 60 80 100
tls
(b) KUHL UL B i v R T 2R
B6 MHl—xiAmEZERR

Fig.6 Support effect on primary frequency regulation of
wind turbine
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Fig.7 Support effect on primary frequency regulation by
variable pitch control speed of wind turbine

HIPE 7 (a) AT LAZE HY,  RUBLAR S5 ] o JEE e b
Ho— U B AT AR SRR P 7(b) Rk
AR AS T  JRE R T KL — Y A ) 2 R A
IO JEE 25 XL A S 4 i o 2 30 K AL 2 PR
el EE L, KL TR AR A AN B K R HILEH

5 #ie

DIERGHR T b, R KL 15
P, WKL AT RE2: TR, KUPLAY A 4%
il Z Gt 23 il ik AR XUPL A H A G 2 R 7 5,
DRHILAG S 4k 252 R HG F PR, 2 1T 1) 539 IRUAT L
SCHEMRE o AR SRR AL S 2 ol 1 583 19 S 4%
R, TGRS P B AT AR R M R, % R HL Y
BRI SCHERCR AR/, A It L 2= GRS )
X — RS AN HL A — IR RE T 4 R AP LA 26

2) QR AE RHLRE AT IR i SO, PR B 4
il 2R G HL R D) SR A P o g, B SRR A
] 2 40 1 1ok ) s H s 2 A o A O S UL
B, U XUBLGE fE S 43 2R G R R A R AT 4R THE
F o AE B e S 45T QAR B 28 T R 2 S EUR
BB P R [, Rl RERS 2418 i 1B XUBIL 48 1 55



34 =k 2

42 4%

FBH

3) KUHIL 7] Bsf A7 158 A — ORI S 3 i, G
5 SCEEXT XL B A2, AT B2 X — U 0
RAFAE P A SRR, XUBIL ] IR 755 4 A
— YRR ) SCHERAOR AN ISR A T — U 19 52
FRCR

Je SR T RUTFFEE T L B3 SRR XL
FELATLZEL 578 21— R 0 14 DA 42 ] T AL

(1] BR, XM, VL, 45 . MDD S LI s AT 1 o)

BBt L] i) REEA Bk, 2018,42(9) : 26-35.
GE Jun, LIU Hui, JIANG Hao, et al. Analysis and investi-
gation on grid-connected operation adaptability of virtual
synchronous generators [ J]. Automation of Electric Power
Systems, 2018,42(9): 26-35.

(2] GRS, BET2%, R E 55 UL A A LB HAE ol

R B LT ] v FL L T 24, 2014, 34(16) : 2591-
2603.
LU Zhipeng, SHENG Wanxing, ZHONG Qingchang, et
al. Virtual synchronous generator and its applications in
micro-grid [ J]. Proceedings of the CSEE, 2014, 34 (16) :
2591-2603.

(3] JHPGME, A, PR, 55 KU R B IR R AT T 25
WRLT]. AL TR, 2014, 34(25) :4304-4314.
TANG Xisheng, MIAO Fufeng, QI Zhiping, et al.Survey
on frequency control of wind power[ J]. Proceedings of the
CSEE, 2014,34(25) :4304-4314.

(4] 5 BRERL, BUR, 45 . bl I R e s A WM )

FWFFELT]. MR L 2018,42(10) : 3323-3329.
YUE Lei, XUE Ancheng, HE Qing, et al. Research on
system-level dynamic coordinated control scheme for cen-
tral Tibetan grid [J]. Power System Technology, 2018, 42
(10) : 3323-3329.

[5] ZJfh, REE, B, 55 .9 197 B IR ELIR WU P Bl

AR AR L R R e B B [T ) R e A sk,
2017,41(7) :149-155.
LI Zhaowei, WU Xuelian, ZHUANG Kanqin, et al. Analy-
sis and reflection on frequency characteristics of East
China grid after bipolar locking of “9-19” jinping-sunan
DC transmission line [J]. Automation of Electric Power
Systems,2017,41(7) : 149-155.

(61 5Kk2%, RIS, TRIES . oA XA L P i) BB AU ) A0 AL
ORI A, 2012,10(3) :1-6
ZHANG Xing, ZHU Debin, XU Haizhen. Review of vir-
tual synchronous generator technology in distributed gen-
eration[ J].Journal of Power Supply,2012,10(3) :1-6.

[7]

[13]

[15]

[16]

TOM L.Participation of inverter-connected distributed en-
ergy resources in grid voltage control [D].Leuven: Katho-
lieke Universiteit,2011.

ZHONG Q C, NGUYEN P L, MA Z Y, et al. Self-
synchronized synchronverters: inverters without a dedi-
cated synchronization unit [J]. IEEE Transactions on
Power Electronics,2014,29(2) :617-630.

WANG S,HU J B, YUAN X M. Virtual synchronous con-
trol for grid-connected DFIG-based wind turbines [J].
IEEE Journal of Emerging and Selected Topics in Power
Electronics,2015,3(4) :932-944.

1 , R, AR T, A5 AR X LZE A B S — R A
Rt oM S g S il [T, v L BL T AR 24, 2014, 34
(27):4706-4716

FU Yuan, WANG Yi, ZHANG Xiangyu, et al. Analysis
and integrated control of inertia and primary frequency
regulation for variable speed wind turbines[ J].Proceedings
of the CSEE, 2014, 34(27) : 4706-4716.

IRV DA, BRI, A5 A XU BT 17 422 L f5]
R0 e [T ], b AL T AR 244, 2018, 38(19)
5625-5635.

PENG Xiaotao, JIA Jichao, ZHOU lJicheng, et al. Speed
regulation strategy based on variable proportion coefficient
for optimizing inertial response of wind generator [J]. Pro-
ceedings of the CSEE, 2018, 38(19) : 5625-5635.

ZRIGENE , SN T, IR KT, A R 0 v LI A A r BILAER
S ORI REE AL BT LT ). i R gE A ik,
2018,42(9):36-43.

QIN Xiaohui, SU Lining, CHI Yongning, et al. Functional
orientation discrimination of inertia support and primary
frequency regulation of virtual synchronous generator in
large power grid [J]. Automation of Electric Power Sys-
tems, 2018,42(9) : 36-43.

MORREN J, DE HAAN S W H, KLING W L, et al.
Wind turbines emulating inertia and supporting primary
frequency control [J]. IEEE Transactions on Power Sys-
tems, 2006,21(1):433-434.

ZHONG Q C, WEISS G. Synchronverters: inverters that
mimic synchronous generators [J]. IEEE Transactions on
Industrial Electronics,2011,58(4):1259-1267.

R, 225558 , WRISHi . fol P o0 R, J5E 180 R DL ISR P00 S 42 )
sgems[J ] ARG Ak, 2011, 35(23) : 26-31.

DU Wei, JIANG Qirong, CHEN Jiaorui. Frequency con-
trol strategy of distributed generations based on virtual in-
ertia in a microgrid [J]. Automation of Electric Power Sys-
tems,2011,35(23):26-31.

BUNIER, XUIE TS , 5K, 25 . BAT IR0 R MU PE Y R
A IME S RE AT ] R AR 2016,40(3) : 910-
917.



el WRIEH, 25 PSR SCHE 0T o R By R P i S 35

YAN Xiangwu, LIU Zhengnan, ZHANG Bo, et al. Small-
signal stability analysis of parallel inverters with synchro-
nous generator characteristics [ J].Power System Technol-
ogy,2016,40(3):910-917.

PNRTL, XU , g 22, 45 . FLUR P ) R R 0L ) A0 R FLBILIY
ME SRS REVE T T]. R, 2018,42(9) :
2983-2993.

SUN Dawet, LIU Hui, GAO Shun’an, et al. Small-signal
modeling and stability analysis of current-controlled virtual
synchronous generators [J]. Power System Technology,
2018,42(9) :2983-2993.

GRIGSBY L L.Power system stability and control [M].
Boca Raton: CRC Press, 2007.

SRAEE, X % FH . H ) 5 58 Bl 2SR o7 ) 245 3 A A
AR LT ] P AL T R4, 2009, 29(7) £ 64-70.
ZHANG Hengxu, LIU Yutian. Quantitative description of
space-time distribution features of dynamic frequency re-
sponses[ J].Proceedings of the CSEE, 2009, 29(7) : 64-70.
EKANAYAKE J, JENKINS N. Comparison of the re-

sponse of doubly fed and fixed-speed induction generator

[22]

wind turbines to changes in network frequency [J]. IEEE
Transactions on Energy Conversion, 2004, 19 (4) : 800-
802.

ANDERSON P M, MIRHEYDAR M. A low-order sys-
tem frequency response model [J].IEEE Transactions on
Power Systems, 1990,5(3) : 720-729.

ANDERSON P M, FOUAD A A.Power system control
and stability [M]. Ames: Towa State University Press,
1977.

s EHER: 2022-08-26; fEEIHHER: 2022-11-12
EE=:

TAF(1988), B, A IARIT, TEAFE A FAL%HE

JEIEAT, WK E AT A B AT AR AT R R IBAT T\ AT

INKTE(1990), B, ML, TR, TRHTT @A
SRR, GRAAEE)
(A 3. H7AER)



