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Fig. 1 Drive train mode of DFIG-WT
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12 BT SR
TR R L2 0 0 1 A L B
S 383 % H P R R, SC IR HERS A e RO 1
HEFRL SRS e A F . LA IE 3 9
SEBRERARA T i £ HLAL I 5 SR 5152
A AR A e i A1 S 50 5 R P L
e ES A = e LD e TP
S | S PR LA T 3 A e L 2
5o AEJRHL B 515 0 A 2 7 0% T
SRR IR IR KU HLAL A SR 245 5 (4) B
(4)
Ko, P, —— WIS s P —— I L
PERE TR R LAV R AR 5 P, — 6 T RSl
B 45 f | [, —— MRS 5 5%
{3 K, —— 35S A7 D R 15 G K, —

PI=PO_Pin=P0_Kl%_[<2(f_f;ﬁf)




24 ZEDIRAE . — R KU AL — U AT 42 SRS B 103

WAL i 22 -4 P ER R T R

D HEHERe

ImgEpcd: LXK IRIE

|
| _’E
FEIX BRI
B2 LML TSR R s A P

Fig. 2 Control block of frequency regulation based on

P
o %+

wERmE Do

rotor kinetic energy control for WT

T H 350 3R AR A 3R dffde 5 H I R A A R
P PR AT S AR R AR b R e I g O, AR Ak
R IX B, 3 K, KR, 2058 R R R 7= A
A S BHnAE X HLA R A S sh B %R |,
TE BRI 2% 45 D 2R, T o A2 IR R L2 B
B IR R G R A P AR Ak, 25T [ 4
MG SRR AV K T i R A s st . 7
RGR T W a8 R e E R 22 3K HL )
T 238 Al 2 2 ) P R R A, X400 Ml 2 78 1R B IX )
{8, WL K, BOKJG , 28 8 5 R 38 45 7= A= A3 h 3
e WAL A a2 H YR L B R HL
HBHAG YR, WA 7= — AR TR T &
Bk il R g 22 1, KU HLZEL it SR O BE A /N R
ARG 50E (B 22 8] 10 22, % 28 S8 3 A 58 15 &2
R A2 T AL — AR . XU ML T 3h e
il PR A RE 5 XU LA A% B0 FR G 5 st RXUFL LA
SR LA G AL sh R GE G sh IR RO G i R
il 75
12 RERAEHIEAMEE

DR R AT 28 B 3 42 o] 0 6 L B < 365 2 1 o
IRITHLAERE £, T 63 A DD 3 5 0, o 4 5 4 o 52
PR ARE BT SRS S EM M H . MRS
IR T N 3 e e/ B A SR 4 v XU B B R A
A, DT A JRUREL A LAED R S miT s 3 a1 1 9T T 8 ) 46 FH ) %6
B, DA S RGN XY R GuM % L Thist, 3 in e
B AR R BRI ML RE Al AR, (E45 KR HLAL T FE T 2
25 v/ KR BILZE A T A D S L R R
WA

WU XU AILZH 2 B A PR s R L an 1 3 s, [
W d TR AR e 2R R, P o XU IR A TR A
Buis Buos B SN ZA RGBT A MG Ff 484 il
SR 22 15 PR 2 A A BRI S B A 9 A AR AR R

REEFTES . TERGIR T RS L THBO™ 5, 0 i 22
B (R M B DX B (L) N, P P05 i 2 2 ) B4 K R
T 2™ A= SR Af 454, 5 DR A& TS B0 T B3¢
FEA TR RN, T2 RS XU HL IR B 2
54 ARG DR SR S TR LR
IS — U A, KRR AL ZH 2 B A 2 ) R AR RE ) 5
FA YRR AT G, 00 B IR IR S K, TR A g A5

AR AL

et
B3 st KU AL SR A A U AE 1

Fig. 3 Control block of frequency regulation based on

pitch angle control for WT
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Fig. 5 Control block of primary frequency regulation based on

rotor kinetic energy and pitch angle collaborative control for WT
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Fig. 9 Simulation results of primary frequency regulation for

DFIG-WT under frequency continuous variation
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A COLLABORATIVE CONTROL OF PRIMARY FREQUENCY
REGULATION FOR DFIG-WT

Li Shaolin, Qin Shiyao, Wang Ruiming, Zhang Li, Bi Ran
(China State Key Laboratory of Operation and Control of Renewable Energy & Storage Systems (China Electric Power Research Institute ) ,
Beijing 100192, China)

Abstract: Wind Turbines (WT) have seldom participated in Primary Frequency Regulation (PFR) in the power system
initiatively. The principles and properties of PFR based on rotor kinetic energy and pitch control for Doubly-Fed Induction
Generator Wind Turbine (DFIG-WT) are analyzed respectively. As those two methods have complementary relationships in
response and supporting time, a collaborative PFR control strategy is developed to optimize the PFR performance of the
DFIG-WT in power constrained operation status. Moreover, A droop control curve and the PFR control system for DFIG-WT
are designed. Then a Bladed and Matlab co-simulation system of a 2.0 MW DFIG-WT is established to emulate the whole
PFR process. Finally, a filed test is carried out on a 2.0 MW DFIG-WT by a large capacity grid emulator for the first time,
and the test results demonstrate the analysis and simulation.

Keywords: wind turbine; frequency regulation; rotor kinetic energy; pitch control; collaborative control



