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Estimation of effective inertia of a wind farm considering rotor kinetic energy
loss and wind velocity correlation

LI Dongdong, ZHANG Xianming, YAO Yin, XU Bo
(College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: With the continuous development of new power systems, the penetration rate of wind power generation in various
regional power grids has increased to a high level. However, large-scale wind farms generally cannot provide inertia support.
Even after the introduction of virtual inertia control for wind turbines, there is still a lack of accurate estimation and analysis
of virtual inertia and its changing dynamics in wind farms. Therefore, an effective inertia estimation method for a wind farm
is proposed from the virtual inertia control mechanism of the fan and the influence of external wind speed. In this method, the
mechanical-energy loss caused by the offset of wind turbine working point in the virtual inertia response phase is first
considered. On this basis, the concept of effective inertia is proposed and the relationship between effective inertia and wind
speed is studied. Second, the randomness and correlation of wind speed in a wind farm is considered. A spatial and temporal
distribution model of wind speed is proposed based on the Copula function, wake effect and propagation delay. Finally, the
estimation of the spatial and temporal distribution of the effective inertia of the wind farm is obtained. A simulation example
is constructed based on the actual wind speed and output data of a wind farm in Gansu Province. The simulation results
reveal that the proposed algorithm can effectively estimate the effective inertia of each wind turbine in a wind farm and the
time-varying characteristics with varying wind speed. It can reflect the virtual inertia support capacity capability of each wind
turbine in real time and provide a data basis for mastering the frequency immunity of the system.
This work is supported by the National Natural Science Foundation of China (No. 51977128).
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Fig. 1 Technical route of effective inertia estimation
1.1 BURRKALIHIR T FRAREY

W DRI, RWLIEHBITIRS TN, ik
MU IZhR P, () HRE .

1
B, = pAC, BV

9

Cp(ﬁwﬂ):‘ﬁ (i_z_asﬂ_%je g

(1)
.y 1 _0?%
A+0.088 f +1
PRl
Vv

R p AL, BUN 1.23 kg/m®s 4 A4
HEA: v ONRERHLEIRGE;  C, (4, B) NAAEF]
RS, RRTIHIGHELL 2 FISFEf B RS 2
P RS Ak B 5 NG I LA R DA 42



FHIR, 5

T K7 B BRI AN G AR S 1R XU 37 A7 R A - 65 -

o RRECTER: AIEE; 250 a BHUE 75 HHE Bk X
MBS, A a, =022, a,=116, a,=0.4,
a,=5, a;=125.

KALIZATIRE 5 NE B B B K D) 3B BR
(maximum power point tracking, MPPT)[X . {H#%# [X
FMET)ZX, W 1.2 17K 2. MPPT [X A fH5E Nl
{H Ay s TEFEHE X XG5 3 00 R T 2R PR UL 5
TH DR X HIA B i oK, AN R EZM . 8 X [H]
RN XGE 5 38 (1) 58 R =X Q) Frs
GA_ V

opt
—_— V,<V <YV,
R B F
w=2m "%y _yy p<y<y. (@
VG - VF
a)max VG < V g Vmax

X G ARFLE AL Vv RRHLER KSR
HH
1.2 EMIRSEHIREE Fohaemx

WU RAATU B 75 AR o iR, ek 30
WS R Gguish, HE S RKEE FaRe, midik
TR T4 ) R UG T 30 B8 T 2R B 5K I R FOLIR
PEo &4 PD RYw il AR AUl [F] 20 & FEATL B 2R
AR A ) S BB B N, HIRL BN E Th
Ui AP X (3), =l itz A B Al fis.

AP:-Kgﬁﬁ-gAf 3)
Kb K, WEA R K NEBIRE: of WE

AN FEE .

i FUMABE £ e . T B0 1l R R AT IS AT R
%, B2 AKIEAT AmEERE, B AR KGE T
1IEH#121T 5. CDEFG £ M4 2 ri C'D'E'F'G’ .
ZIS RS PR

1.6

JABhIX
1.4

I

1.2+
1.0

o=

:E ______
£ 08}
o
06|
04|
02F
0
06 07 08 09 10 LI 12 13

2 BXERNIZEITAmBHIZ

Fig. 2 Fan operating point offset curve in each section
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Table 2 Comparison of the results of different inertia

assessment methods

. R 3 BRI fE
FEEN A o7 L6 /%
00:00 M ZI(FRiE)  2.367x10° 1.520x10° 35.8
08:00 FFZI(fILXH)  1.868x10° 1.113x10° 40.4
16:00 B ZI(FTRE)  2.492x10° 1.234x10* 50.5
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Fig. 7 Rolling update comparison of actual and

estimated inertia of wind farm

Pl 7 o BRS04 S 25 B T4 53000 SRS F 0 2 I
W, BEALEAXBES AR ELME, HK
fil T 38 BRI LI & KU - 21 B 28 F0
W RS IR A A S E A T BT RR . E 7
SR AL AE—K 144 RGN =58 N T
AT HEA RO A T R R A S PR AT K
Fo HAE 49, 62 75, 138 DYALA B o5 HY B Sz b

ER PP E LR IREPIRDL, BIRRAON 2.8%, i
AR SCSRAAE S B L R L S B R HERA L o (RIS
P SEPME BRI & Al T SRR L IRAE, R
2 ERRTE L. WA SCRERI M T R R % —
FEMRTIE, FFaEhamR.

4 i

B AT KRS R A i R, A SR T 2
FASRPE M IR R IR 2 0 AR, 2 R R S
SCEENY BUSAT WA I I URESR 2, 0 KUHLEE
MUBEAG T NEAT B 1L, A AR M E &
PP TR, RRI AT AR E N S A ARTEH
MR EFG], 45 /R

1) S ST T 4 T I 2 g3 A7 AR 7R T B A A
Copula BRI EE 5, 500 AU S XU RV AT R HR
IR DL, AEORAUESS S AT S 10 Al A
VN Cy i

2) WAL T Zh BEANAT B B S 2 iy ]UEAT O,
R o RGE T AL AR KPR, B
FERESIANAL o A RS RAE 1 X IX R A AE B AR R
171 e AT R LA 2Bt B = oyt RIDX
SEPRIEATC TR, FLAE A TR, PRI N2
55 R ARG B N o

3) A SCH R A AR Al T S A S A v L
HAERFIE BRI RIS 94.3%. [
(NP Ne 2R N s W RPN I I R AW SR P S o
TARRE R LR 50.5% 100, AREL T A ORI AT
(R0 B LUK PR Al R B A DR o

ASCFTRA AR AL THRA REAE SE PRI AT T iE
22 AR DL, TPAL 25 R B S XL S 5 R S
M 2 () LS DR, 4% UKL UL BT B4 i SR s 2 {3
2%, MTRGURM, ARG E RN RN
HEZ AR R, A ST e A e
B SEHURAL MR AR BUIRRE TR, BT
] F) S B F AT

FiSR A
=M ROEZBENSH
Table A1 Parameters of wind turbine
ZH WA 2R WU
HE KK vy/(m/s) 10 bilRaER oz 33

PIANRGE veyein/(m/s) 3 e ThER /KW 1500

1 H R Veut-out/(M/S) 25 %ﬁﬁ?. RV 575

A 2E4% R/m 41 PRI 8] % $/s 5.04
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Table A2 Analysis of data at two time points from the start

to the end of the inertial response

G/

L23v il

FHPFIH &

PR R B

(m/s)  (/min)  BOB/MEEL  ATREBUH TEbRE AR
10 14 0.721 0.328 3.54x10°
11 14.6 0.676 0.418 3.06x10°
12 152 0.644 0.509 2.59x10°
13 152 0.611 0.442 2.94x10°
14 152 0.575 0.385 3.24x10°
15 152 0.533 0.345 3.45x10°
16 152 0.482 0.327 3.55x10°
17 152 0.442 0.337 3.50x10°
18 152 0.390 0.375 3.30x10°
19 152 0.333 0.446 2.92x10°
20 152 0.271 0.556 2.34x10°
21 152 0.202 0.710 1.53x10°
22 152 0.123 0.909 0.48x10°
23 152 0.031 1.162 -0.86x10°
24 152 0.026 1.437 -2.31x10°
25 152 0.021 1.869 -4.59x10°
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Fig. Al Virtual inertia control of a doubly-fed wind turbine
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