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Abstract: In response to the potential frequency secondary drop problem of direct-drive wind power systems
in the scenario of continuous frequency drop faults in the power grid, the principle of primary frequency regulation
of direct-drive wind power systems was analyzed. A primary frequency regulation control strategy for direct-drive
wind power systems was proposed based on the product and difference combination of frequency change rates at
pre- and post-sampling times. According to the established criteria, the droop coefficient of the direct-drive wind
power system in different frequency response stages was adjusted by comprehensively considering the fan speed,
frequency deviation, and frequency rate of convergence, to realize the active frequency support and flexible
frequency modulation exit of the wind power system. A simulation model of a direct-drive wind power system was
established in Matlab/Simulink to verify the effectiveness of the proposed control strategy.

Key words: continuous drop in grid frequency; direct-drive wind power system; droop coefficient; primary
frequency regulation control
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Fig.1 ~ Grid connection control block diagram of direct-drive

wind turbine based on virtual inertia response
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Fig.2 Influence of different droop coefficients on frequency
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power system during the frequency support stage

N T PRUE AL 3 183 47 42 4 SO 4 i 22
3 - BR, AR SCHRE AR 3 2 4 B {EL AR B e AL
P 2R 0 114 R OO 0T i 22 (D2 4 B (L A, O T 8
JRCHEL 28 48 1Y) HE OUIB i 17 3 R A 7k o
P 4 LA, YR R I Q2R XUBIL AR e e 1y 7 22
LN IR ABE T 3 R LY ORI T
HLRGEHIR SR fE

65



BAEF 2024F F54%K FH 124

IBsAB R AR Gk MR T O W & SR RIS ) Rk

T — BRI R 22 4 IR A 25
B 7 e R AR A 1O R 3 2 R R R T 2 R
o AREEH AR AR I AT 3 R A 28
ol /N S BN A Bk v R S o e AR
AR 22 I BRI 00, T 3 R A IR R A ST

D ARSR Af==Af.. , U B IR KU 28 G 1 43130
i 25 4 76 22 4 BUE N, ST 2 2R 00 B 3 1K
VRN P T2 X6 A1 22 B 14T R 5 R, PT AP
DKL 3k 3 5t R v i RO I/ N 7R A
S A0 238 S R 0 I 2 T 38 A0 S KUK i
KA 5

2) QAR AF <=, , UL IR XU, 58 5 14 4136
P 26768 3T 22 A I, S P T T AR B A i AR
VRN P T2 XTSI 2 2 R o R R R, DAk
2% T~ e 23 B e S AR AT ) s/ N B PRAIE XU R, R
48 ST R Z2 Mt A P D . SRR T DAAE PRAIE
B 22 4 R A4 T S 3 R D i 77, 4
THIA S 22 GE 0 A S A R

i 4 e FIR BT U, T AR R AL
ke HIZEIR AN 7S -
fpn a<c

1
X (a/C ) - ksuﬁ» + kl’max
Eose

(=l
a>c H Af <=Af.
KA oy T I REE I B KA

20 (9) T, 78 19K 2 XUL g A0 R 57 4%
FrEcs, IR S KU G, ikl
PAPRIE KU 2R GE 76 4003 % Bl 1400 46 B B R il B
EZNRSINTAVE =5 TS o (AW 1 N (R
K50 it S R A 3P I A T U/ T AT A8 Lk RUBIL R
i BEWE B R XALEE E 1517 -
23 NEBERFEEMEREMBEN TEREAE

2 H IR RIS — R IR AR K & oy B i), 15
AE N TE Rk, BN o TE B IKRBIL A — Ik
ATFFAEF IR YK A B Be )k B v, — BRI 1) 451
FEPIR A kTR WA R UHL 2R 5850 — Rtk A
AP B, I ke B JH AN 2.2 95— 3

SR R R 48 5 R AR B B, Sl
A BUHLRI ke USSR DL AR TR KU B R A2
SRR B R G R R TR, AN Y —Fil
VRG22 (8 0 B A2 15 T 3 R4, IR
66

P AR AS A AR B a3 % 2 2R A i 2t
ORI . IR Ak, Al IR UNE
& f

di?

ho=k, - Af +k, — k-

Kk kb 8RR R

[, 30 5 KU R G058 Ukt AR K & By
BBt a] e, FRIE B IR RUEE A, T FOR R 58
T B AR AR B K SR ] I SR X4 i A 22
[E) o5, PTG 0 = ¢+ A B XURL R SE 0 T 6 R A
ke T NE . Bk A RE, W E KRG T
3 ZR B ke, Bt S 00 20 7 8/ I8 1 28 R 2, L[]
JE RO IR 32 J2E 0 XU R R AR I 1 B ) 15
o ke R 2 T ) R A ZR N, S A A AR
T T R B by 2 b B PR DLRIE £, IR 240 T
R 5 ey 2 090 23R B 0] 28 A6 3R (18 il o %o
O P T R B0, MR AR 1) AR A R X ke, 3264 T A
s, BARIE , AR R P 1k K &, 2R AR
FEE A 5 e K, e, 52 21 (RS M R R G

A= CLO) TN, T 38 5 vk AE 5k &2 B B
()T T 2R B0 2 B A TR 25 1) WAL S0 T U
JNEN O, [) I T i d2de Rk, HEAT A < 24 A5 R
O TS A Mg, T LA ke, 1 WSS JE iz =2 )
TR ke WOUSCSIGHR B o HE— 2B 5, ZEA 3R B By
Br, KL R GE T T R 405 A0 TR TR R
WA A . L, BT T iR 7E K R G4 T
AR A I B A AT L g A O T R AR Ak
o 72 G5 A6 M0 58 B2 T8 B 5 T A T 0
TR R A B % IR BT
2 REBERGHEMEXEESBZFZETHNTER

i

GG 2123 TTNAE, HIRA KB REAES S
— YRR e A ) R TR RO R

1) JI W7 XU HEL 3R G802 75 1 Uk kA R AR By
B AR B ke AR R B B, XU R SR
THERBUENE;

2) ) BT AU, 2R 0 02 15 B R E A 3 S £
B, QAR ke A S B B AR A KL
HAH o KI5 R G T T 25U ks AT
HL 2R G2 15 B R AR A2 B B, An SR i ok ik
AT AE B B, W8 AU R G 1 T AR A0(E
oy, BT S 1) 3 T8/ ) 5

3) J BT AU 2R G002 75 5 R HE AR S 4
B B, R R e AR S B B, DUAR 4R X
MU AR o KT 5 TR W R G F T R AUE

(10)



LB A IR R Sk R T R & SR R4S ) S

WA 20245 HS54K F 124

Fep AT XUFE, 22 55 2 75 55 R A3 55 1 B
USRS R AR A i B, DODAR 38 4 iy s 1
IHLEE THAE o, . L A0 38 22 (B A T 3 H ) 430 %
O B[] B B (o BB 27 de” DA S 15 78 1) 1)
RUBE T SR R G T 2 R BUE by, I
S BUEA 1T R KU R G — R .
T JERR PRI I3 S 45 TR 7 SR 1 1 S
PR A]

Zr b B 5 R XA 3R e R 3 0% 2k s o
T AR B 4 L T XU R 2R G T A A TR 3 I B
IR DL RO N T T R ORI R R A

HiG

T 1%k,

kB HSE] 0

15 ik s [k N

4R

P55 XU R GETEAIR S By T 2 7 B 4
Fig.5 Diagram of droop coefficient adjustment of the wind

power system during the frequency support stage
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Fig.8 Simulation results of criteria in frequency drop scenarios
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Fig.9  Adjust the droop coefficient based on the proposed criteria
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