49 % 86 W 2491-2505
202346 A30H

(LN 7N
High Voltage Engineering

Vol.49, No.6: 2491-2505
June 30, 2023

DOI: 10.13336/j.1003-6520.hve.20221394

E TSR T RERT B R X B EEF R E LR
525

KEF, 28K + % 7 B

(feb HARFHERLHRLABARETEEE T, R 071003)

B FE: ERGIRUARALT ] A LR AR XL AR, A SRTH KR R GEMR T 5l 343 T Sk (K 8
NG, BT T R RULAL R POUS B R AR ST TR . R, B KR i EEAG O Y R A AR AR A I
6], JF25 B8 RBUFE T S DAL, AR BRVE Bh THYI I L0 A, 3R XL RIS AR5 5 . R Lb e
E, b ARG e FRIBR TR, A RKBUL B EAERE, 5t AR AR AR I TA] A 22 UL A R FDLBE 1
g . e, BENEESERMITERS, I h TR . DI R Y: ASE KL pr f
SRS N BES AT SR 2 RGURMIT R, S T A ) B S R RE .

KA. KR BB, BRSO, BEAW, el HERR

Virtual Inertia Constrain and Support Control of Wind Turbines Based on Variable
Frequency Limit Time
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(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources, North China Electric Power University,

Baoding 071003, China)

Abstract: Constraining the virtual inertia of variable-speed fans within the extreme time of system frequency change will
be the key to improve the reliability of active support of wind power for system frequency. In this paper, firstly, the con-
trollable characteristics and evaluation methods of virtual inertia of wind turbine are analyzed. Secondly, the frequency
change extreme value time of the high-proportion wind power grid system is quantified, and the fan speed and power
margin are considered to constrain the virtual inertia during the frequency drop or rise, so as to improve the credibility of
the fan inertia evaluation. On this basis, the inertia demand of the system under frequency safety is analyzed, and the vir-
tual inertia control strategy of variable-speed fan in the extreme time of frequency change is proposed by using the fan
speed tracking performance. Finally, a high-permeability wind-power grid simulation system is built to verify the pro-
posed control strategy. The research results show that the variable speed fan can reliably meet the frequency regulation
requirements of the system under the proposed control strategy, and significantly improve its active support performance
for the power grid.
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Fig.5 Evaluation results of maximum virtual inertia

of wind turbine
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Table A1  System frequency response model parameters and

B GURME BA Y 2 K BBV

value range

RAS HBAGEEE R

Table A5 Analysis of simulation results of example 1

ZH i B4R R AES BRE %
B AR AR T T8 /s 2.34 2.3 1.74
B RARAR R /(Hz s ) 0.357 0.375 4.7
BRI AR 2/ Hz 0.328 0318 3.14

R ZH I E G
%’:%‘fﬁ'f&ﬂ#l‘ﬂ%%ﬁ Hyys/s 4~10 £ A6 EH2 BHE
%éﬁﬁﬂ}ﬁ%%ﬂl Dsys 0~1 . . .
BB RS KL 0-2 Table A6 Parameter setting of simulation example 2
EEZINGEE Sy 0.03~0.05 SR 24 Bl
ﬁﬂ?@ﬂ%ﬁ‘fﬁﬁﬂ’ﬂmﬁﬁ Tls 6~10 “ﬂ%/ﬁﬂﬁé/MW 1500
‘A%i%’rﬂ#iﬁ%:%ﬂl a 0<a<l e BABMW 900
BIERk / RGZ
NEEEE RAHLZ /MW 300
RA2 BRSNS PARE
A iz AL
o AR R HLIEE R k% 20
Table A2 Parameter values and calculation results S TR AP 0.12
of frequency expression e ARG EER His 6
k% b a w ) ¢ th/S RHUB R R Hoids 10
0 0.570 7.218 0.299 -8.34° 0.855 2.305
20 0573 7.668 0279  —7492° 0873 2298 RAT HH3 SHRE
40 0.577 8.671 0249  —6.619° 0.902 2295 Table A7 Parameter setting of simulation example 3
2. iEHEHZSH BN EMW 1500
] Gi % peyib
K A3 ERKESH P J:ZMW 900
Table A3 Simulation system parameters R /MW 450
97 FEAE /MW 450
W 4 Hli PR
e IRV 0.69 RIBIER K% 30
Wi Tk DiZRE) APy 0.3
R HiE D /KVA 2222 HE s , o
B 1 /s 4 R E T K His 15
Nif\./(m‘s’l) 8 M*JLII\H%%?* Hyils 50
ZERE 0.04
EEZiIN HUE SR Mz 50
[i] 5158 52 /s 5
XK A4 HH 1 SHEE
Table A4 Parameter setting of simulation example 1
SRR ZH ¢
REHEE/MW 1500
B
P 1 17 /MW 900
KA /MW 300
Gifif AL /MW 90
RHBIER Y% 20
. . hAHB) APy 0.06
THHSH .
R K Hs 3
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