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A wind-thermal coordinated frequency regulation strategy considering secondary frequency drop
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Abstract: With the increasing penetration of wind power in power systems, it has become challenging for traditional
generation units alone to meet frequency regulation requirements. Therefore, wind power must be capable of coordinating
with traditional power sources to jointly regulate system frequency. Based on the fast frequency response of wind power
and the sustained regulation capability of thermal units, a coordinated primary frequency regulation strategy dominated by
thermal units and supported by wind power is proposed. To account for the operational differences among wind turbines
within a wind farm, a power distribution strategy based on a margin factor is proposed to effectively harness the frequency
regulation potential of each turbine while ensuring safe operation. Meanwhile, a persistent reserve power re-distribution
strategy for grouped wind turbine operation is developed. This strategy pre-schedules a small number of wind turbines to
operate in overspeed mode with a low de-loading rate. When frequency-regulating wind turbines withdraw from
frequency support, the de-loaded turbines compensate for the resulting energy deficit according to a differentiated energy
allocation scheme based on an inverse rotor-speed factor. This approach effectively mitigates the secondary frequency dip
(SFD). Simulation results demonstrate that the proposed strategy enables coordinated primary frequency regulation
between wind and thermal units, fully exploits the frequency regulation capability of wind power, and significantly
improves system frequency response performance while maintaining economic efficiency and reliability.
This work is supported by the General Program of National Natural Science Foundation of China (No. 52476009).
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Fig. 1 Overspeed and load shedding operating curves
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Fig. 2 Power-speed characteristic curve
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Fig. 4 Wind-thermal coordinated primary frequency control system
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Table 1 Simulation system parameters

KEHAE KRG 0 SCHR[29]
pil.225kg/m3 ,R=44m ,C =05173,C, =116,
C,=04,C,=5,C,=5,C,=21,T,=0.02,
@, =0.7pu., P, =1.5MW ,H, =504,
KB

a=15x10°,K,=10,K, =40,
@ = 1.21paue, vy =113 /s,
~ Ve =7.5~10 m/s (WT1—WT6HBH 0.5 m/s )

NBGUEA SCRT PR SRS 1A 25, &t T PR
HI5.
4.1 HE 1

BN XN WT3 [ XGE 8.5 m/s , JHEHR
Nd=5%, t=102s Bih0 L, =0.30 p.u. ¥ 97 far 5%
a3 BT EE R 5 ARG : CaseO(RWIAZ Hif4i).
Casel(fE G i R HI M+ HEEEKE).
Case2( T4 1 K 7 A + ik e ek ik 42 19T
Case3 (3 T4 B R 710 + RN 23 2H ¢ A 45 FH 5 T
W) Cased(ALHIE). 1HERWAE 7 Fiw.

T Case0 H XWLA T30S S5 AR 11
Bk 7(c)Fizn), Casel—Case4 H -k HLALALAT H
JIHE KRS R BEEESS . TEFRFE TR
R K A T 2 BOR AR, $& T+ T s bl X
ARG SREEN. WK 7R, TR
A5, 1E 4 FhE#&(Casel—Cased) FHI RS0



- 68 -

W) R GRP bk

e

A0 B I AR RIS B/, RO WAk 2. 5K
IR IR, EXEN RS AIR R P RE A &K
GO ZE TR 1) Bl A5 N5

TEARE S B, 255 7(0) TR it X L HY
JIEBEAT 43T, ASCKREE R0 5 1 T K L4z
ITIRES S, 3R H AR T Casel H
TR, X ot B AR AT Re R KR LI A
71, MM RPEEAR T BRAR AR frn, o PURSTIERY
BEWE, MWK . A5 T Casel H
B TR IKE S E SFD, Case2—Cased
i) SFD IR IE Fi gz . t—2bHh, a3k 2 FiE
1), XFE Casel—Cased, ACHTHEFEH KA
FHMEAHEL T Case2 TEVKS I 1A] -4 7 B B (46 4,
{E AT AE 0% S R ML SE B FE R, T R
SR PR IEBIFA AN 49.5110 Hz). [FIR), 5
Case3 H R340 B 4 F Th & SR s S 2 AR
TWILRA LN 7(e)FR), AT RIE REBAR
PR AT XA I e o 22 S35 2 FH DD R AT 0 B . %
S e s H A F RN K T T R
B, AT NR 3 8 21 K ML I B, HAR T R
GAREIBAT -

49.52

50.01
4981 A —
49.50
N 496k |1\ 130 140 150 160
=
=, 49 4+ Case0 |4
Casel
Case2
49.21 Case3 |]
490 ) ) ) ) ----I---Case4
100 110 120 130 140 150 160
t/s
(a) B
0.25F ¢ Case0 |
020f i Cane2
20F i . ase2 |
. :‘I 0.0213 Case3
\2 0.15—5".‘ Fe——= e Case4 |
2 LIy N
N 0.10 ;\_‘ 0.02
0.05} | ‘\_\ 10 120 130 140
i Ny
0 B —— =
100 110 120 130 140 150 160
t/s
(b) B g
Case0 ||
Casel
Case2 ||
_______ Case3
. R N ===t Case4 |
=
S
PN B n 8.120
IS 1185
7NN 0.180
i > 0.175
110 120 130 145 150 155 160
100 110 120 130 140 150 160
t/s

(c) kL HH

0.91
0.90} | —
=
S
S 0.89r Case0 |
Casel
Case2
Case3
0.88 ¢ D Cased | 1
100 110 120 130 140 150 160
t/s
(d) RFISEmE FWTS KAHLEE AL
<10
121 - - - No-WTS| ]
10+ WTI1
WT2
5 8t WT4
= WTS
KR WT6
A 4L
2+
oL - ,T¥E ,,,,,,,
110 120 130 140 150 160
t/s
() AT 25 I h - 75 73 BT
0.95F===T==="F === mmmE e e [ NoWTI
===:-NoWT2
090f=-=-""""======--omoooooo =1 |-=--NowT3
- == NoWT4
5 085 - - - NoWT5
2 - == NoWT6
T 080 —L
075 —A5
WTS
0.70 WT6
100 110 120 130 140 150 160
t/s
(F) ARSTHEME AN 5 KB U LA 5 TR
0.05F - - = No-WTS |1
— WT1
0.04+ o WT2
5 0.03f N g e — Ak
g Foe===c=c= WTS
T 0.02f -5 WT6
= 0.01f 1o
. 115 120 125 130
0 e
7001 " L " " N
100 110 120 130 140 150 160
t/s

() AR SCIRASNE F 4 KL
El7 % | HEER

Fig. 7 Simulation results for scenario 1
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Table 2 Comparison of frequency regulation effect

with different control strategies

s fanHz  SRBER fioMz SRk BRI s
Case0 49.1772 — 136.385
Casel 49.3733 49.4058 140.345
Case2 49.4167 — 144.125
Case3 49.4175 — 161.730
Cased 49.4175 — 136.900
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Fig. 8 Simulation results for scenario 2
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