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Abstract: [Introduction] Large-scale connection of wind power to the power grid poses great challenges to the stability (especially
frequency stability) of grid operation.In order to solve the problem of inadequate frequency regulation capability caused by large-scale
connection of wind power to the power grid and improve the frequency adaptability of wind power grid connection, wind turbines need to
have frequency regulation function and response timeliness. [Method] This paper adopted a frequency regulation system scheme based
on rotor kinetic energy and pitch angle reserve, which could provide active support for the power grid quickly and accurately during the
power grid frequency change. Firstly, the main control algorithm was designed based on the theoretical analysis of inertia response and
primary frequency regulation algorithm logic. Then, the functional verification was carried out on the co-simulation platform. Finally, the
actual test was carried out in a project.[Result] The simulation and test results showed that the frequency regulation system scheme based
on rotor kinetic energy and pitch angle reserve could cope with a variety of grid frequency changes and quickly provided active support.
[Conclusion] The frequency regulation system scheme of wind turbines can perform a fast inertia response (with the response time less
than 500 ms) and primary frequency regulation response (with the response time less than 5 s) under various frequency change conditions
and provide active support for the power grid, which can help recover the grid frequency and effectively improve the frequency
adaptability of wind turbines.

Key words: inertia response; primary frequency regulation; active support; co-simulation; main control algorithm; frequency change
2095-8676 © 2023 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China GEDI.

This is an open access article under the CC BY-NC license (https: //creativecommons.org/licenses/by-nc/4.0/).

s HE: 2023-02-03 f&E HEA: 2023-03-28
BEEWH: | ARA 2022 48 AL i & JRIFEA KT LI 4T H “B 9% MW 0 KA X1 & AL KR i &7 (.
HREE A (2022)25 %)


https: //creativecommons.org/licenses/by-nc/4.0/

5 4 1]

FRULHF, A5 KAL) 1 5 — ORI RE ) 5 83

0 3

T ZE5A ] BCME: | BEATLPE S a5, Bl XU R
B, H X AL R RIE & i i, — iz fT
P R TR B U, 46 10 AT T o) 256 i XLk A
PRI Y XU ZE AR IS, WA SR AT R KPR H T R 58 7R,
T R XU R 3 3, L H XU R L2 R ) A
o5 T SR FH R IO L 1 s o =X, I i e
P A3 25 1 72 A, B IR R A e A 1 I R R R
PRI I, IR RE AT L 5 i g A — Y o) 31 081 g
J2 XUREL 2 A T JXUREL ML ZH - 0 A1 55 oy 1 g a0 8%
fEE

PR R & AT LZE Ha 3 107 M R ) (G B/ T
36994—2018) iYL it , XL ATL2H WA 251 L 28157 8 i) i
F— YR IR AT RE H1', 75 % R I 431 36 A Al 3 TR i 22
WM N, 25 RGN, SCHE RGRRE . K
BILZEL 5% £ M 1 8 ) 1 % 52 e AR AR AL 38, XY iR AR
AR i B B, AR IR] 20 & B L2 A e ik, PR
PRALA ) S, PG L AR AL — IR R g
JIEEXT R Gl A g 2, BRI 2L & LA T T
FEPE, W80/ L AR AR AL

R HLZL B3 g 0 A 5% Rk 22 45 vh T XL L2 5%
S M 7 R — Y A ol g R i 9 ) 3 ok
T RS A B S RE R A/ S s UKL HE R,
T 2R G 5 4 A A oy — YR A o R A
55 7 T FH 42 ) R 2 B A S FH S L, 34038 2o el s X
P AL ZEL A AL Dy S i s e R 3T RUBL D s ol R
R ICAEN P 1 XA AL 15 A S P — YR R A
PR 92 o SRS, 32 XU R ML AL 2 B A A 2 3 e IRUL
(R DB A I, RAALR T 30 F e sl A8 Ak, (R A7 A
FL RO R R TR RO AT RE . R EILAET 4R XU L
21 3 5% e R — YR A I A o SR, A R
1% 552 8 o a0 XU BE AR FH S5 RO 1 A B, el i
P s o UG AT S e A A A T R A
ST B A AR 1, A8 — ORI B ] ] 2 L AS e A
IS HE, ke TR RERCE, (H/b T KEE R %, 3
AT 20 SRR S s ) S BRURU R 37 A — UK A
R AR X e 1, 8 ) A T IRIE

74 SR B R i g RN — R R AR 14 2 A s il =X
AL TE H ARG B s, 16 & sl 2 A N R A ) T
0 36 AT 2R B AR A, B AU ML A B4 I A R

il 12

7 st 33 3 X FL BT 2L P A6 i by R — 80 0 = 12 il e
B, TEHRA 07 B 5 K H B 552 B i i 56 ik 5
T B IR S A R

1 RENR A — RIS S 47

JRUEELATLZEL 1B 2 7 ) 3 A2 M 7 L P 03 356 Ak 36
A 3 R TS 5 T AE i 2h R Ok S I R A T T 3RS i)
O R PRy — VR R A0 ) T 7 L O A8 6l 22, 3 3t
RSB A AT I T SRS e o o S
e 7 RN — UK PR AR LR AE 22 40 SR B AT A, 1t
AEARTEHETR . LATR P25 MR 5 o o XU ML 157
o7 F— KA RE 1 A T4 AT
1.1 BEMWEL

D) fil & 454

LSRR HIL AL A A i N T R, LR A 3R
A LR A ik 2 R R 1 D) B, T DL A A

S 1 FTTPAR B e SO A 8 T O (O PH — Uk 1 43

i RETTOC)
df
E > df+
s, ) 4
HAF 2: i < df.
M%>o
P >20%P,
=2
dfde WAL (Hz/s);
df. R AL R R, — i B 0.3 Hz/s
(Hz/s);
- WAL N B, — M EL-0.3 Hz/s
(Hz/s);

P, —— HHLAB EA VIR kW),

R A 2 AT AR AR R AR A Y B, XU AL AT
52 W N ) RE fih &, AR A B BE XL ML A
Wi 157 SHREAS il 2 o 450 3 (R Sl SR B A LA B3 A8 XU AL
L TR e 7 B D) RN 2R 10% A2 A7 i iE A LR
X, FESEEL.

2) BT A N A T R e AT

MR N I RE A 2 R, B RS AARE (D
13 AL A DR A



84 7 RETR AR

10 4%

Td
APmer:_]TNd_J:P" o

ﬁ':‘j:

AP, —— AT A (W);

T —— BRI R (o);

f — B TR (Hz),

JRCHLE 8 e 17 91 ) A 2 By 33 ki T 20k
T B Rl A7 H Sl RE, 25 i XU ATLZE 23 i BR K%
WL AL 2 4z A, W AR e A 3 2 R AR fE
AP, HEATIRIE, 73 HH AP, (BT #RIE

AP, = limit(10Wipe, X Py, highyye, X P,) (2)
A
lower,, 5% 52 e 107 By AR AL BRI T BRAEL, —
B H—10%(pu);
high;,, 5% 10 1 D 2 AR AR R i T FRAE, —
AEEL 10%(pu).

L L RTAT Y, XU R ML A B e 1 30 ] ) A )
IR G EEN:

Pt = Po+ APy (3)
e
P — 15 5 Wi 37 9 (] XU H AL AT ) B 3R 45
{EZHAH (kW);
Py AR TR AR ALIN 2 A T HRAE (kW)

1.2 —RIASH

1) fih 25

FEAF 1 FTOF— IR AL RE T 5 (S DA 5% 1o
HERETFC)

FF 2: <15

0 3. KU AL BRI 1217 H R ) .
P>20%P,

A

F ——S2BRH M (Hz);

Ji R PR B (E, B 49.8 Hz;
fo A% R E, B 50.2 Hz.

2)— YA DR g E T
4 S I, — ORI DA A AN (4) B

APpri:_I(flf';\f‘dipn (4)
1 of b, — IR AR A A= (5) B
f-fa
APy = —Kp——P, 5
b I (5)

miE 1 R, R R, TRRA AR R R
TR 5, NHLZ TR 10%P, 1T,
% 2 FHBR ] 209%P, D138, 55 % — R AR D AR A 1E
AP, FEAT PR IR AL 3, HA ) ik

AP,; = Limit(lowg, X Py, highg, X P,) (6)

X (4-6) H:

K, K —— RS ZREL, 3 5 HUE 10 F1 20(pu);

lowery, — YRR A Ty 2R AR AR e R PR AR, —
HEHL 10%(pu);

highg, ——— YA D A8 AL BR R 1 PR — i
HX 20%(pu).

JAUH AL A — R R AU T () A T Ty 2 5 (EA -

Pref:PO+APpri (7)

2 MREMNS—RIFMEFIEE

DR ATLZHL 8 5 ek Wi I — VRT3 2 R 1y 4%
G AR LR e FE 4 R G R i Sk 2
W 17N o 728 UL A% S I RS I =K P 1 L T, (] P
[ ARIAR AR AR AR | R R I S — YRR R
MEEERG, ERERGERIL RS LERNE S
5 1B B e 137 2 A — U IR RE A REAR 35 L 15 5 E
Fraff . B N REAR AL 1R, AR I AR A
0 R, PO AR AR AR e R I (PR, 2 AT 4B
WARENLE 1, FBPE bR B2 2 B4R R G, T4
R GBUE Y ETA DI RIFIL RN Py, ARG E
R (3) 40 M — K IAMAR &AL R 1 B, HLZ #5
EBCE TR FIB AT (—RBRHI7E 0.5 P,), &2
e S5 P AR 00 L X 0 3R 2 o (B (LI, 728 JRE 45 15
R SRR AL 1, [ PR — AR A A
ARG, EERGEDUE HATA FRIFCRA Py, —
YIRS 4 5 (B % 5 (7) 4078, R
Jei, FLEELSE Z0 V] 28 BRI A GE A TR A5 A5 ey bz A
—WIAME AT AR SR R s AT A b, AR e Rk
FVE P RIFIEAR S T BEAT AT AR o

AR v SR % M) 7 Ao 7 D 07 P ] SR AN
A 500 ms, — U IE B AR ML ] 2R ANEIE 5 s
B e ) 7 AR — Y R A ) S 3 B I 1 53 A B Bt
o5 — G BE oA A2 AL A M S 95 R G B THE I, 280 5
Bril i i B2 — Mk 200 ms A2 455 55 B DR



5 4 1]

FRULHF, A5 KAL) 1 5 — ORI RE ) 5

85

()

Y

InertiaEnable_flag=1

Y
v N PrimaryEnable flag=1
Inertia_flag=1 >« v
Y N _
—< Premary_flag=1
»
Y )l
\ 4 \ 4 \ 4
T.~(Lyt AP, )0 TPlo T.m(Pyt APyl
A \ 4 y
T MR ZA A T FRZAZ A T FRZL 4
Inertia_flag=0 Premary flag=(Q
N v N
( LR )

& 1

Fig. 1

B A ) 153 £ e 17 ) 4 pl T 7 SR PR, DR

B[] — ME7E 200 ms( By 8 98 57 3 A — i i H Ny

100%P,/s, 7T AR 45 e )i s (5] 2447365 >4 95 % ) BV AT R0

A Dy ) kAR HE LSRR 2557 5 — IR A L) 4 5

IF [E] — MRTE 2~3 s( Ty 588 47 3R — ik & N

10%2P,/s, W] AR 45 e Jo7 Bsf (i) 346 47 3 4 9] % ) BV AT f3iE
AU Z i AFRUEZR IR 24T

3 HE&RNH

D 6 U IR R AL 2L AB i S5 A — Y B B ) Bk
A LE B M AT S, RIS 07 FLF 6 23 ) A s KU
DL R, X RS FESEANE 1FR:

15 2 M B2 R0 — RS B A IS R E
Inertia response and primary frequency regulation algorithm control block diagram

*1 KBERZESH
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