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Abstract

As the "dual carbon" policy is gradually implemented, a new type of electric
power system dominated by renewable energy is rapidly developing. By the end of
2023, China's total installed wind power capacity reached 440 million kilowatts,
accounting for 20.7% of the total, with a year-on-year growth of 15.12%, making it
the third-largest source of power in the country.

Due to the randomness and intermittency of wind speed resources, the increase
in wind power penetration results in greater fluctuations in output power, affecting
the power balance of the power system and causing system frequency
issues.Doubly-fed induction generator (DFIG), as the mainstream turbine type in
China's onshore wind farms, primarily operate in the maximum power point
tracking (MPPT) mode. Their active power output is directly proportional to the
cube of the rotor speed, making them extremely sensitive to changes in wind speed.
Variations in active power output caused by wind speed fluctuations can lead to
significant frequency fluctuations. Moreover, DFIG operating in MPPT mode do not
reserve spare capacity, lacking the capability for frequency regulation.Therefore,
considering the above issues, it is necessary to analyze their frequency
characteristics of DFIG and propose corresponding variable-structure frequency
control strategies to mitigate the frequency fluctuations caused by large-scale DFIG
grid connected.Furthermore, based on the dynamic variation characteristics of
frequency regulation capability of DFIG, a collaborative control strategy for
primary frequency regulation in wind farms is proposed that takes into account the
variability in wind speed distribution and the operational state of the wind
turbines.This paper primarily conducts research from the following two aspects:

(1) A power system frequency response model incorporating DFIG units was
established, encompassing the mechanical power system of the doubly-fed wind
turbines, maximum power point tracking controllers, and rotor-side
converters.Subsequently, based on this model, the frequency dynamic response
characteristics of the wind power system were studied, and the transfer function of
system frequency relative to wind speed was derived.The analysis of the
closed-loop transfer function's amplitude-frequency characteristics revealed that the
system has two resonance points, influenced by the wind turbine's mechanical
structure and the converter. The active power output of the DFIG within the
frequency domain of these resonance points has sensitive components that
exacerbate the frequency fluctuations of the electrical grid.Therefore, this paper
proposes a strategy to suppress the frequency fluctuations of the wind farm system
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at the resonance points. By installing a second-order band-stop filter, the

phenomenon of sudden changes at the resonance points is suppressed, thereby
effectively suppressing the sensitive components that affect frequency
fluctuations.Simulation results indicate that the proposed strategy effectively
reduces frequency deviation and the rate of frequency change, leading to smoother
and more moderate frequency fluctuations, without impacting the generation
efficiency of DFIG.

(2) Considering the variability in wind turbine operating conditions across
different wind speeds, a strategy for active power distribution based on predicted
wind speed to determine the load shedding rate is proposed. Periodically, turbines
switch operating modes according to the load shedding rate, ensuring that the wind
farm maintains a certain level of frequency regulation reserve power at all
times.Taking into account the variability of load shedding power across different
wind speeds, a weighted load shedding overspeed control strategy is proposed. This
strategy involves assigning higher weight coefficients to wind turbine units with
greater load shedding power, enabling them to bear a larger share of the frequency
regulation power.For wind turbine units with limited deloading capacity in high
wind speed areas, a virtual inertia control strategy with a dynamic power tracking
proportionality coefficient is introduced. This control mechanism, by establishing
upper and lower frequency limits, enables a rapid increase in electromagnetic power
for frequency support during significant frequency drops, while also preventing the
frequent activation of the controller due to minor frequency fluctuations, thus
conserving rotor kinetic energy.Ultimately, this approach achieves a rational
distribution of active power across the wind farm, thereby smoothing out frequency
fluctuations. Simulation results have verified the feasibility of the proposed
frequency control strategy.

Keywords: wind farm, frequency response model, overspeed control, virtual inertia

control
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HISPER R IRIEHI W IAFE DT NG, MRS B X ISR KL B R T R AT 1
o TIARB DRI A TAEFEE A —A PLRRYT, BAARBHERTET
B AR B A BRI AR, FHEA—A— R E ], RE R
(2-19)F AR EEF ¢ MBRSESEHEEAL LR EREAL HRIEN:

Aw (3-6)

AP, =

rej

|, A@, =3k, 0%00, (3-7)

K.
cref i
AT —(Ame—Aﬂ)(—;+Kp)

(3-8)
Ai, = ! ALY
1+1s
A K—PlEHIS MRS R
K,——PI1 =535 1 HL B R4
—— AP 25 B[R] 4
Xt R (2-15)H 7ML, TTUIE R IIREEN:
APe = %(1 — S0 XAu:dist + ustAisd + Ausqisqﬂ + uquAisq) (3-9)

ARH Ausan Ausg——dg 1 LB FHRIERIEE;
Aisav Aisg——dg i LB FHIREE;
Uusao~ usq——dq L8 F L E M FILR TR BB ATE
isdo~ Isqo——dq #li £ B F IR VI fe e B 1T

Sr0 VIR EEBITHHRER.
HFAXHE FMARSEFHE FREEmMZES, AT EHEFNARRER
HMEENA IR, TERN B P (phase locked loop, PLL)SEH U FH R 3 &
170 R B AT P o F e B AR LRI e 5 A, BRI T 2R 92 PLL h At 72 rpxd

23




Hedb i SR F L E A i 3

RIS KN . PLL BL2Y 30 S5 20453 R HUE R W 3-2 Frasiel.

Ki_pn/S

+
Ao +

+ Aw,,//
Us K; on

A(5/71/

(l)(\/ S

A(Spl/

K 3-2 SiMFERERILHREER
RSN, EFHE Uxlpubl KB I RGESE HEEw~1p.u., PLL 15
BRI RIEAXA:

K -s+ K,
AS,, ~ 2= =L A, (3-10)
s +KP_P,,-S+K,_p,1
N K ——BHEF LB R 2
Ki pi——S IR R EL
Ads——E FHEFHEAMAEE:
ASp——B IR A G E .
g 9
A .
Dpll— KN
7 - i, 1%
usqe -“\\ =
\\ S, =0,
.
‘\
‘\\ ,)Cvpu d’
! w
e B S > d
u.\.dej(5,»u "7/2) j

B 3-3 B HREELIFZAMBAERLIFR THBRERER
WmE 3-3 fiR, B FHEERZEHBERT, BEFBE U B AR
B R IR R g B L, T PLL WS AL4R ZHIAEE Nopr. 1B PLL
ZHENERENEREE —EHNRE, SBPLLANKAEE FTHELTRZ
BFEEHME. RIEE3-3BEHEAENTHXR, wafl uyE PLLIERATHE
E7FEA:
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5

Uy, =Us sin(é'p, _55) (3-11)
u, =U,cos\s,, —&

X o—FFEEWMHEMA:
Sonr——BHIA A AL A 5

U——EFHE.
EREMANAVIBRESITHNE FREMMAMBAAAMEMAESE,
0s0=0pn0» HIEE FHIEREFIZEH T usgo=Us» usao=0. W HFG-1D)HEF Ausa Tl Aus,
RSB E TEA:

Aug, = Oty 5,00 A0 + aum! So AS, =U; (Aapl _A5s)

aé:zzll 5fo aas 5:'!’:

o (3-12)
Au =—> AS. =0

5

AS,+—2
S i
5 F) ap” 5p”0 p o 55

S0
50 5:0

K,
u P
—1; =U, 005(5 -0, )= U,
P 5;;11 gf{,"’ plo 0
Ou,
65d S0 = —Us COS(5p110 - 530 ) = _Us
J 5 s {90 (3-13)
u
- S0 — —U, Sin(apuo - 5so)= 0
06 Pl | 650
Ou, )
P) 5(, 5= Us sm(5 plio 5so)= 0
5 6:0

HRG-12)FT 5, Aua ZEIASnIEH], 45630 (3-9)0T LLHE T H X145 KL o B
DREEFTEN:

APe =%(1 _SVOXAusdist + uquAisq) (3-14)

BT u BEBAARSANBE FHREERER P, BT KL B
DERSZINPHERRENE M. SEAIHEMSN, TLHES HIURRNLE ThH
FIR SRS, WA 3-4 FiR.
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b B R R 2 iR 3

B 3-4 XUBRHLA Dl i 70 4% 32 of ORI
RIELBHESHAAURE 3-4 PEERPS I REZMEPIRER, AL
T 3-4 BB RGP B EREBRECN:

AT, =GAv, +G,Aw,
AT, =G,AP, +G,Aw,
AR, =GAw,

Aw, = G,(AT, - AT,)

(3-15)

Hr,
,,2 C ~
[ S [avwo B ocp(ﬂ,/l)]
2 4 oA
1 2 RVa-o oC, (B, 1) Vi-o
=— w0 P w0 (8,2
G, =5 prR [ ) s » (B, 4)
1
63"ano (3-16)
F,
GS =3koptw30
Go=——
| 2Hgs + Dg
T MPPT =i 83 1 tH 0B Thig S E MG L R EUCA
GleGe A GsGsGe (3-17)

“ 1+G,G, -GG, " 14G,G,~GG, °

H 0 (3-17) AT &1, MPPT #= %) 28 5 (9 5 ThTh 18 2 H 2 B X HE A LR o 3

FIRm IX & B A MPPT IB#HISSRIBEE FRER /M XN MM AR LSE,

HFEEARKDEIEEERNEHEEZ M TEXRRE, MmHLMIIEKE

Bk F RGERI RN, HEREM BB RAGLRER TREENNERNES
=
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Hedb Ly REEm 220 185
e ———————————————————————————————————————

RIEXE-10). RG-12). KRE-149)FREG-17)CL & B 3-4 7] DLHE 315 B SR
AL B B T 28 0 A 8 R 4

APe = %(1 — S8 XistAuxd + uquAi.\' ]
(1 SrO{’st(Aa n —AS, )+ u qo(AP,ef AP, (K +—-—) 1 ]

I+7-s
3 ; £, :
=5(1—Srollsdo(A5p1’*Aas)Jru (K } )HT S

3-18
GGsGs . ___ GsGsG (3-18)

x(( v,
1+G,G, —G,G, 1+G,G, -G,G,
46 26 46 2%6

AF,)-AF,)]

5 +K, -s+K;

=%(1‘3roxisdo(A5pu ( =2l AS )t Uy, (K +£—J !

K, jis+K; I+7-s
GIGSGG Av.. _( G3GSG6
1+G,G, —G,G, " '1+G,G, —G,Gs

ST ARG-18)iE— DB A.
APe = Gpll (S)Gc (S)i.VJOAépII + Gm (S)Gc (S)Avw (3-1 9)

x{ +1DAP,)]

K,
52
K} _pil S+Kl _plt
(6)= 3(1= 5,0 )1~ G4 Gy + GGy e - 52 +5)
U+ GyGy —GaGe Y- 57 +5)+ 3u o (L= 5,0 X1+ GyGy + G3G5Gg — GyGe K, + K, - 5)
Ugg0G1GsGe\K, + K, - s
(1-G,G¢ +G,Ge Yr -2 +5)

Gpll (S ) ==l

G,(s)=

(3-20)

R G-19) 5, B R EHLA K BT RIGEAP. £ E HAv, F1AS I
SR B 5 A B SRR B RS 1 RS . MPPT £l 23 BL K
TN RBMRNEEBHIEREE, XPINIREELRERE, 23
RELHE > S H U AEFUHEREBEEHSHEOEZW. XX IZTE
MPPT MR T, FHRGE 7, WHRPVBSIEE M, TR mE, mieE
MPPT iZ 1T Bk 0T N A Shif i ¥e A B3R 5, AT #2817 0 2 i 2% 42 v XUiR
AL H B R T 2R

B AW PLL AHALAGH =AM BN BRI T R R, XA TIRGEE
BERERANREZIMYE, EFRERESEN, MPLL HTHFERESARSE
B 8 T B AR AR 584 — 3, M PLL e AR A5 F0 2 T ML K 28 & e 55 AR AR
HIAMALE, PEH BRI RFERIMNEE. X4 I8 EEAPHURE 2
S REFNRRSEHSE MY EM L, £33 PLL 5| S8R0,
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bl A RF L F AL

Ht, RG-1DER T RIS I RS MPPT 24 2% . A% LR B
Xt B AL A Sh T R RS R

3.3 S MBI RSIN RN N ER B FHIETE R = 53 4 R A SRR
3.3.1 SRERENRGSTRN MR

fEERXBEERAWRR, MUARRL RGBS LW, KNEKES)
MR ERMPMEEEEZER. B, RTHHES KB B RREM
RO AR, R AR ) ST A

X3 Pa & OB FR L ) RGERR MU AE R 0 1 3-5 s . AT T ERGME
Wiy N2 BT ST, K EALE S R R AL, TR &8 DL R B SRR ML A
B, BIMEAORGNEE=8KEHHE, HhE=6 KBIVHERBE I REH
— A

B 3-5 BB RS2 E0 5 IR R H B T, RS EEH T, A
ZRBR. BARF KA E K. BHREEIRER EFH 1 UKHEE
A D, JEHEBT RS, SR MRS ok LA R 0 K S HIE IR 3-1
Fias, ROEHLA R B2 B E % 3-2 For.

\

A4

Y

——» REHLAH

B 3-5 & KR AL K ) R G e AR BY
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fedb B IR 208 X

K31 KBHIASH

SH HiE
R B FE Tus Tos T 7.2s, 6.8s, 6.3s
VRIS R E B Torn Tezn Tys 0.065, 0.05s, 0.04s

LFRAR RS R B H 4.8s
FLERE D 0.05N-m's/rad
WERE R Rv B3 0.05, 0.03, 0.025
TR K 0.7

® 32 NHENASH

2 H A
€ R vy 10m/s
BEINE Py 2MW
MAKER 49m
2 S p 1.225kg/m?
5 B 8] 3 3 H, 4.32s
R RH D, 0.0 N-m's/rad
FH & 3-5 AT BA18 B B ) R G0 2R B X YLE Th H 77 1) v B2 A B A% 1 ek 0K «
o = AP,
(2Hs+D) _[[— R(sT, + Il)(sTgl + 1)) ¥ [_ R,(sT, + iXsng + 1)J " (sR3 (sT,ij—sl)(jTg3 + 1)”

(3-21)
1 2X(3-19) AT & X150 Fiy AL 4L 0 ek Tl o S 080 B R 35 9 B R PLLL A o7 344 2
WWAAR. RARERSN, EFHEREDAEL, EikPLL fi T Eo 2
RER RS I TR E RSB BN R R . HREERIE
FRTRT, HFMABEEARERYE, BAIIRRER S B R IR
AN, EAS AT A E S 28, WRG-18)THE H:
AP, =G, (s)G.(s)w,, (3-22)
RIBRG21) RG-22)FE 3-5, 7 LS & R 0 5 S5 457 28 i o7 A T
IS - RO AR 1B R 3, Il 3-6 AT
Af =G, (5)G.(s)G, (s)aw, (3-23)
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fedb e Sy KW S0 3T

Av,, Af

—»{G,,(s) | 3{ G.(s) G/ (s) =

P 3-6 4~ R IH 4% 13 R BUE B

B 3-7 ARG-23)E SR ENAEE. B TETT, SRR T2 018
EERABR A ENRTCENREEANZUFE, BERFENER i M fio b
MT —ANBENEME. HF £ M52 55008 0.0064Hz 1 0.191Hz, AT &R
SR ESERS F 4 0.32Hz M 9.55Hz, XRAEXHEMMELHA T ERE 2
HIBEFER . B RGEMBIERE fu M fo IR S B 7> E+ UK, X
AR RE RS ERTRENARAZENRETR, N REMEHTIR
EESHB A, Bk, EiREBBESABRANZRELZHHA I NERRSIES
ERRRGAEE R ZIRBE 5 .

g {Li(dB)

5% (Hz)

B 3-7 SRR EAE R BAEE
3.3.2 RURTHFEIE IR S BY 220

LRI B XU RV AR, TS EEE RENERNSHE
EEWAFEAEW: H—, RERG-15MKRE-16)7 505 FH M RES FBR
NESHHRENSHRETL, ZEPMEENTSEEIH I K2, &
RE-HTHHEEREETHEES, HRQ-7)ITHMXANE MPPT KT, FA
HAGEAFIH F K E R B E A%, REREREFHE, HILgie E KD g
i) 3 32 BT B i AL TAEFE M A T IRAE, HFERBERG-18)AIHHEL L
S5 RAm R RSE.

R, FEHARHERENXISITRET R E RS2 E, B 3-8 1
B 3-9 43 5 N B0 R IR 2B b RN 22 BR AT ) B G R e LR
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bR TR T AR

(1) FRE KGR FFAEE IR = B R

— v =9m/s — v, = 9m/s

20
l — v, = 10m/s 20 — vy = 10m/s
0 | —vy=11m/s —— = 11m/s
) 10 A
- /\
M -20 \ = /
g /\ m 0 [ \
= A = ! A
2= _ \ bt \
=40 7 FE___E_ -10 /,,{' S "‘\\\\
\ 27\
60 \ 50 -  — N e
_— N ~_
R0 0 oy
107 10° 10° 107! 10 4 3 6 7 8 9 10
E (Hz) 5% (Hz) 107
a) /N [A) & 5 XU 1 13 1 b)m K E

Bl 3-8 e RUIE T R g 2R T 400 S i LR ek B B2 T

BB 3-8 AT WL, A FIERE 18 1T KOE S HE 7 2R 48 430 R W) o0 4 ) S 1) 3 B2 R
MELE—MNERA fon FIEE, BIEBEREFHE, X fhrHERJILFRER
Wi o B A I R, B R P i R R I IR A ) IR B R, RERIE
Wi RE T RUEL, TR AR B b BRI IR R o RO IR M R A R A
HIRR BB N TIRET &8N . HHRAERRTERE T %R H
RBER B, FHBTESRELRL TRRIZERERLEEEED, &
ARG IR B FIHEX T2 .

BT RGEX B A RA RIS REH 0T, BEE KRR, RAHLEIE
MARPERK, B ARG R AE S5m0, Rk, PR AL A A R XU
Ko R AL for BTSSR XU 50 2 B 7 T i 0 3R A O 2 e BRI, 3R i 3
B & A

(2) 22 B S RF A IR A I RS

5;=0.1
5;=0.05
5=0
5,=-0.05
s;=-0.1
% 0 // \\ )
2= _4( R
§)
R0
107 107 1072 10 | "j’.x 5 6 7 ] 9 10
1% (Hz) 2 (Hz) 0
a) N AEEERNBER b) /& # UK B

3-9 BEZEE I AL J) A G m N KR R
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b ) KRR A8 5

B 3-9 AT L, AEEERTREHRN N EELBHELSHE
P B R — 2K &E%%Kﬁﬂﬂ&.&ﬂ‘ﬁiﬁh*mnz;X]‘l%ﬁE*‘5fp1E’Jll!%
EARMR, MERA e WERW. JRYLTERPETREE~ORER A
S BEERK, &TBEDETRE<O)M R SEER/N, TERDSEBETIR
(=) EIRIEL TR E 2. 3BTRS f RIEEREERERERMEX,
HEERSF LRRELRFRREE.

X R B 9 W R 25 IE AT AR A B RUPLRE 1] e A L, T DA L O R o e
ThERR T heE, FREEREESIM TR TN REMENEHEKR. HEERE
REWA, REZRE L FERAEERER, SBORRESERR, &
RPEITREN 5 ZHK.

ZERTR, BT /EREXERRAYL, 817K RERX [ F R — B RGE
REZWK, REFRREESEMRZL. SRILTARBTREN, #ikqE
ERERENRR, HEZLEBERD, MR F0E T 2T,

3.3.3 TRsEFIEHSYEFHF SRS

TR 48 3 (3-19)F1 K (3-20) 7 4% 136 iR B AT 50 FRL R D B 3G B W AP TR 5 F U &3
BEAEEBEHSH K K LRFRSENEE AR, ERERTRBEMEE
Bk, BRI RER AN —AEL 20ms, B LA/ EAE 7557 2RI 28 I R E Bk 19
B, RO KA K, WHER S R m .

20 - 2

—K;=0.01 —K,=2
—K;=0.02 0 K,=4
—K;=0.03 — 6
/\ A A~
20 /X 20 \ .
2.l N z N |
_\\!E 4 ’/z T E 4 } P ~ N o \
- -6( X = ‘\1 \
& \
-80 -80 \\
1 (X |
I | ) 107~ 107! 1o 1073 l»"': \ |
A (Hz) 3 (Hz)
a) AN [ K F A i b) A~ K, 1917 12 B

B 3-10 AR 88 25 11 2 o S m 7% 1k 9 R 1
Kl 3-10 73 A B F TR BRI ZHSH KA K, 8BS REAR
PR Z. B BB, RRBRD RE K RL R ERA o BE W,
XFEHR A for JLFEE W, R AT KRB AR ERE R A K 5 K=0.02
B, EIR A FIEER S, RO KBENBERHS RS RSEE, I

32



b Ty KRR AR 3

HigRENMBERE K BN R ESHEES.

WO R K X IR A oo M fe WEBAEW, T ERS i, B
K HENBE SR K. 4 K~4 MRS f FIEES K, FELEA
S PBOBIR A for BEBD . BARERAK T OCREREE K WM,
HRBUEEAKR, ERRFENEIRA, THERS fH MR BRBIHE
BAWMKRE. BR KM, EIERA L MIEEBK, 2 K=2 K, MR
REASPE 2 MR R fn TR BRI B R, BILTE fro UGB B /D o

THRFBEHSHN RANFRNSHERFTRAEW, HEH KM K K%
AR FHEANERSOERAR. & KM K PBUE RS —e 8, o LA BPEK
B MERGEE, HEA DS E M ERE. RTSKER TREPER SHK
BUELRREE — B XM A A REFRANERBT, BLRYWEHZSHEE
ROMBRFEHNITIEEGRRYE, ELUASIEZERR.

3.3.4 HitEIFIT4FAE ISR = B0 520

EEFBITHTHRT, FMESBEMFREREREARE, HYHFRmZE
B BT R ER/D, FrlASu MR El 2. BREERBEERTXREZHN
REWRZRRE NPT, PUHEIRHE IR IREENE, WS EH
WEAASM BRI R E, NTXREHMEF L. RO RSHASH
STAFAE IR S A, B G-19)FR(3-21) 7] LLE 2450 AR B0 3 471 2 i 57 45 14 19
FEE, mE 3-11 FiR.

— K, =800 —K,; =20
— K, m;=1400 —XK; =60
—— K, 1=2000 50 —K; =100
B —— 5 e
- 2 g )
;5’/’1 " //j/ :___:} ) ///
= // e = o
150 // 1
//
200
lv\-i I!;: H,‘ 10 ](,‘- 1“: lh'l I“.; 107! 10 ]”1 ]“;
a) AN A K, pr B8 B DY A K, 1048 18 1

B 3-11 S A BF A 550 5 ] B2 R 1 1D 5 e
B 3-11 7180, Kp o T K pur 73 DI FT IR 5 fo1 T foo AR F2H . B 3-11(a)
AIEN, BEE Ko o IR, IR fun 0 £ MIUEEE D, MHEBRS MmZ
J P 53 8 0 7 45 1 o 2 R B AR [A) TP AR 1Y, (BR Ko pn AR PN 1 R (B
MU ER. HE3-11b)TE, KRR R B ERA fr, WIRA fn ZFEM
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Hedb s Jy K EER A AR

RN =ZFMAERTES, T KW, FERERS f CEEEE
Ki pn BI3BINTR/S, {BRZMIEER .

NERPABI K, i BEOER Ki pn 28, TEAHEEETCE A XA ETR
REPEEERER, FEERSAMNPLARBEFRERKFREE. Fikt, BIfE
HASHEA =L FS BB REE, MRRERAEEINBRTEHRE
BR A for M foo PGSR HHESIR A, FEX T REHEHZW IR

3.3.5 ETHHEIE IR = R0 shiH] R

Bt THESRBEEBE ARG, BT830 RIE 775 R e U A A
B8, KA DT RS IE B ROK TN R B RSCE s . I BTERE
SE SR A R S BARZ B RE . BITRE . BRESEH S HEMYAEFZM,
{E RS IR S B AN PR R TE R B SR M A P, TR G AT DAAE XU ALAE Y 9 Y
INAE PRI EE, IR B S BB S B DA R G R M R, AT
il LI R AER BN -

KHARIER S v PSS, HEERBREA:

Gls)= St (3-24)

)
57+ s+ 0}

o
K oo—F LR,
Q SRR #
ﬁDE312)@?/T gk — By B 8 2% 7T LA 200K BREIRIE fon A1 fr2, 33BN
PE R U BT CAE BT AU, MW EE s R R BB, (A
BEMFE. FESSWHLBIRIEEN SR, &R RHR K.

—— RANGER 2
ol — MEEIEPE AR -

ymgﬂ‘{.(dn )

|
-100t ‘
l’()i‘ “
B \
ARt
10 107 107 10" I

B (11z)

A 3-12 InyE ik 285 RE- SR A B R B HER
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b S KRR A A 18 3

3.4 IR

ANTRIEFAEFMRV/EMWARETRBE MG EBPE ST, XXHE
PSCAD/EMTDC 3R LM =M ALY S B R EE T ES, AR BN
AR EEBIME 3-13 FiR.

By Bio

B 3-13 fH B A

B 3-13 KA Giv G F G 3 AEVAEE R SOMW JI[F2 KB,
REZH 100 EFENEN 2.5MW ISR KA AR, 8BRS PR BEIEE
LA 62.5%.

FEXRTHES, SHWE 3-14(a) a8 900s K% 38 16 #h 28 B Sk 5 iF BT 2
RESTEINH B /) REMBHE SRR, 900s AP RE S 8.3m/s. B 3-14(b).
B 3-14(c) B 3-14(d)7 I NREZB B THE ., REGMBURPETUEL TN
28
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L2k oA N T e 2 A S
S

¢ SS—— T S
— RIS
14 . | 1l o EhnE e |
7 : 308 |
2 10 | S
g A | |
5 R | =06 | 1
4 L ‘ | Fi R 4:—_2 i (B! i ‘J h
6 \ \ | Eoobyrrt ohou W "“EOA,E it }’
il | ' Ll | : I |
4 0.2 | i
.\\1
2¥ L . | ()L - - R o e ,j,, J
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
T El/s 18] /s
a) XLE A1 b)) Th
e 3 F ———F— ——*& S—
— RIS

— EhnEKs

P (p.u.)

I | it
Lt | Ll ‘ i

| ‘ T t iR '!.
g ! L, e
{ f RS, 11

FOR. o e el o] 0 4 : ‘
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
i [B]/s B [)/s
DEEivES d)S AW R

B 3-14 KOS THAORGEHEKE

B 3-14 P EMEMaO LS R EREBERMNERBESNTE
. B 3-140b)FE 3-14(c)FiR, JREBT A R EVLHE LT MPPT
BT, HEHhERMAGMEELRS RERSHBENZENES, JARERL
IEER KN RAELLAE A RGREACRENFINE, N2 EMHE
RIZIB 5h, RPAEREFBBERTREENN B RENREREERREW.,
BERS5KEEHMELMAL, FREBEBHIamEd TiIE T H B IR mEmE
WEN R E RS R, REA DI RPTBLIEERKED, WA R T 5
EHH.

B 3-14 o)A 4, SKAE A IS B8 SR M 2R 7E 184s B SR BRI TR &R
N 0.9819p.u., TSGR {8 A S U 28 AR 0.9925pu., MRBKEBERERET
58.56%. F1M& 3-14 d)AT &M AL Rt KGR D, B RAUE AR 40 M- 4
AR B TET 85.61%F 71.92%, 3 H#H K FH D2 Rk 0.32%.
T I3 NMBREMMET LR LR

R, 22 B4R 19 2 T 450 1 4R A2 00 ST 28 3 3h ¥ ] SR B TE D R 22 (T R
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e R F R A8 T

%%EMLTﬂﬁﬁmﬁﬂﬂﬁwﬁﬁ*mw%ﬁﬁﬁﬁﬁﬁﬁ%@@ﬁi,
EHRREHE/EMTE, BRETRAORGARREME.

x 33 MERRENPERT LRI

08 I 2% 35 8 v 2%
HERmERKE (pu)d 0.0231 0.0124
MEZLRBERME (pu) 0.8913 0.1282
WEBEEHE (pu) 0.1079 0.0303
BT EHHFHE (pud 0.5013 0.4997

3.5 KEIME

ARBELFANEGBERTRAREHROINRNE, 37 MHREHE
BTk, SURFHAABRENERN, TENFALERTT:

(1) HET ZEBAEFNE T MR RE W BRIN LR, FET
AR HE S MU R I R BB R . JE I RELTESEN, £
THBThER T I REER M, EFERBRN AR E TRk ™ 4E
RIS BB Th K

(2) G568 71 R G FR ma R AL R I3 Mt R e 4302 ey L Mk RS e, R
TERF B SRR D WEIR AL RAUA T 778 TR 5 o O 03 32 BRI UK Y A4
BRAESY KREMBARPIMERE. FHFERENRIETREERREE
X8R — M E IR R A BRI, B U AR 92 ] & BN U 3 S5 R R X P 1
RAHMAELM. HREANERCWBEEEYR, PN ERAERREERELSD
L SR B B AT S

(3) I EE T HRRE 3R 5 A 8302 3¢ Bl 400 ) SRS T AR a8 88 Mk 1 940 ) 2 4
TR R AT B AR XU B KU LA HE I Sh D R P R 2 7 B X R PR BB R .
D7 B &5 SRR, BT 32 A 03 362 3 0 1 SR T LA R PR AR I E AR AL &,
SR T FRMEM, I HEEFEZEIUR R R B E.
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fedb i AR FR 218 3C

B4 B HERAESHER R BT EES
R

4.1 3|5

BEEREEBEENER, RIBEEREZHSS5FENMEHRTES, K
R TR NI R L HERSRAMATFREBFEL. Fk, FHBHERS
BERREEERRKNEHAAEERUSSEMEM. fla, HnHERE R EE
ERERE 1%, FEHMN 0.2%K&ARE: FFEMRE XA ENASHEM 1000MW,
FERF 0L1IMW/s HI&HAEN,

B2 RV Th HH 77 0 7 8 58 ME 45 R E 3 3 4% FR 25 B 10 30 01 18 o R 3
T XU AL 4H S T 2R BRI F XU, BT DA D SR R AR R T B A R 1 A
& )R I i SRR AT R, B DA R R R A E AR AT RN
[TE b P L e IV S

AFAEE BRGNS A2 RO L, xRS R %
BEFEATHIA . Bk, FHERBIP. KREX AR E KPR R RREE 2=
7, RH—METRERFHTEE RN AL ERIZFEE, FAETR
M — AR R, RS XIS IR A R R0 A R Bk TR R ) B R
RUEZH5RH; KR, B TFEREXREEIRBEORIL, RB—FMaE
RRE A RBH B R SR BT R 1%, BJS. £ PSCAD/EMTDC %4
RO BB X R SRR i AT IR .

4.2 BTN ERE 7T @3 R BOR M 5 5%
4.2.1 TR ABITH RIS I

BT R EZ P RYLIET THZ RS EMRESEEZWRE AR, B
xR RALK A M E RS H R E BRI N R B ITE T RBEERLE.
ERINES MO ERME, RXCRE T —Mit R RE S E 2R B RE
T G, X R EBHLAMZETERBITENTREE L RATGBE.

HE 4-1 AT R, BXRRATEIBITREN v, LR RIEFAL~0 i, FH
MPPT = KB FIRHLIZIT F A &, XABERBRIZHRBHRILIEZITT B A,
EV P 7 AP FIE ShIh R UL R G A4

AP, =P, — Py =P, ,-d% (4-1)
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Mk J K2R L2 g 3

A Popr—MPPT B {TH S BIFE ThTh 2,
IR BT R B E DT E;
d %—RE R H .
HEANERRENAZITHER, WEANRIERE M B R ER R d %50
RESCEiEH BAr. BRZIME . REMKSFRAMEW, XEFHFE DR
BATIRAESFA—5,

Pde

1 | e IR

! MPPT 2 ===
HUE IR

4/ 2 VI>V>y

Pt Lespacsmeanefocime g & 1= V2=V

Pdc —;AEQC**——— —-—— ———~—/£:L ————— ,‘ BE Vi
V2
3

®;  Op O W,

B 4-1 SUBRALEE E J 4% 2 o1 IR 2L 1)
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