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Abstract: To remedy the shortage of wind turbine in wind
power leveling and fault ride-through, in allusion to direct drive
wind power generation system based on hybrid energy storage
a compound power control strategy, which considered both
wind power leveling and fault ride-through simultaneously, was
proposed. On the one hand, an improved second-order filtered
power allocation method with power error feedback loop was
proposed to realtime revise the power response command of su-

per capacitor and battery storage to increase the target power al-
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location accuracy meanwhile the tracking control effect could
be improved, thus the wind power leveling was realized at the
same time the service life of energy storage medium was pro-
longed. On the other hand, a compound power control strategy,
in which the grid side convertor acted together with hybrid en-
ergy storage, was put forward to realtime revise the power re-
sponse command of each control quantity and quickly remove
the redundant power of the DC bus, so that the fault ride-
through capability of wind turbines was improved to make the

wind power system basically not affected by grid faults.

Keywords: hybrid energy storage; direct drive wind turbine;
wind power leveling; fault ride-through; compound power

control

DOI: 10.19725/j.cnki.1007-2322.2022.0112
0 5|5

ERAEIRSE LA ER B I YL i I BT H 45 7,
N TS R AAR”, B R R T ER R
SRR ST RE TR A R BOR AT B s R R, o
JRGE PR ELA AR L 803 e AR AR B A A R 2
B O SR, BEE B R AT L B
BAR, WU FRGE 5 L 2 1] AR 5 O 2 L BOR B
e AR iR IR 27 ) N TR e R N |
SE VR 238 A HL I B F BE 5 i o s A7 AR 1k
FEARRREE R, AN T XUR B R LRI R K T K
FHIESY BRIy, XUF AL ZE 7 R 19k e 49 ) 77
TE—FRINE SR, BRI Z 2t =

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.19725/j.cnki.1007-2322.2022.0112

864 K B A

2023 412 H

R I DR R e,

X BRI, AHOCEE PEAT T RS IF LS
i 3i

1) K35 .

fift HE 22 490 PRI JHL o [0 3ok J3E R L 4 ) 3R 3% SRR A
7z T RCHL I 3R S8 ) B R R M . S
FiR [7-8] 38 3k >R FH — {1 8 0 B ik 43 DK B b
AMET ST L 25 & L A g A RE, (5
T T R o RN Ty Ry RS BE AR 255 UK [9] SR
FH T 3l 7 2008 0 300 43 B 42 P4 XU EL 1) 2R
Bedh, &I R RE R G R0 Tl bk = SN
R ERF R AN s SR [10] $2 8 —Fh 5T 0T
BRI AR VL IR A e SUZ AL BL & ik, 52
W TIRA e R A LT LIS oL N H A Bdr
A UL SRR, s Sk [11] SR Z B i B iR &
fERETN A BT 8, ol 1AL e il It Bk i A 3
BOEREME, ST X H AR R A B ST .
SR, AR TT IEATYSRAT A6 S ) R B 45 il R 45 25
DI85 BOAE B B I iy [ A

2) R LR R T

WRIEFRE (REGIEAR T REHANE) |
DXURBATLZEL I 7 H D) 2 A B e A 136 D) i 2 im £ 112
Ay $t e JXUH AL 2L 50 R 5 A B 7 2 IR A i R 1 O
HEA) I, SCHR [13] 48— 3 1 e i 45 N B0
0] i i A XU B 5 2 o SR, S T B IR XU AL
Y RATEEE T IR S T SRR SR AR Ty, P
SRS SCHR [14-15] 81X 3Ust X & L &
Gt PR —PhRT R R E IR 2R R R ) R B 4
il SR W LARSE BLURRFEEH R, SR Z200% T JXUHL I
ST 5 SCHR [16] 78534 B3R 7k g XU AL
HY S BITRRE R SR [, 2 — v v R
TERE PP TIRNG AT B R R
AT e (] XU ML PR R 2 I B 1T
(1 JCEETE T2 75 e 08 PR i B 1 Ui B AL 1R AN -
T, AedE BB R .

g bRk, BB BOR 2850 T X
HLZE A R FE, ) 258 5410 3 5 2 7 B — Ty T ) Pk e
SAT, Ann] ) B SHE 2 2 IR AT P R 6 R
RO ERE A R E X,

S, AR SCE NI TIR A RE Y EIK KT &
HLARGE, B — P[] B S XL R T S5 SF 40 R e
PRGN CRERIES ol Rk S i
P& HA Ty A8 0% 22 RO A 0 ICHE B B U ) R

SYEC T, SEBUNT E AR T RS i B2 4 BE 1 [
B AL REA B A sl i s ], Fe 2GR I X L)
RPN 1 [ i) 4 At BB A (6 F i s AE K
B oE oy TH, P AR ES (grid side convertor,
GSC ) FHR&EReILRIVE I I 5 & Th R hil g,
GSC 7 i 25 sh VF 5 i A TG T A Mz AsE 20k &2
BB e, 38 B BE S K BRAE DR (5 5
RIGZIRGHRERS, HIRAMHREIEN E L
b BT A AN DR, R BB R, X
FEL AL 2L 7 s T R AN i X 5 1 7 o

1 KAEERE & B RG &

ARSCHFFE 5L TR B AEBE MY AR ) & HL &R
GLeEA I 1 R, XU B G0 R B K DR R
B 0 AR R LA R B, ST AR
L7 AN HEEAL L. IRAIER SR
& LA RE A KA A AR AL AR 078 &
i RE A 5243 59 B XL DC-DC 7% ¥ 2% 432 A B Ui BF
2k, HWTHLZ DC-AC I A8 i # 4 i A Bk

IR AR HLIM
— @ﬁ& r (48
L AT =

I ‘
o i1l }: pc-pc| | | |pc-DC

B1 ETRAMENERNARBREEN

Fig.1 Structure of direct drive wind power generation

R)ﬂ(
-~

&AL
fififie

L
AL

system based on hybrid energy storage

WRIEE 1 R REWRER TS, HARKRS

PIBEEFE, ISR RGP RN
PG = Ps + Pyt + P €))

Krf: P A XHLIE I3 s Pg Ay KUHL i 3 D) %
Pro 0N F HL VLA RE I W TN 3848 25 Po WAL 2T
fit BEMA B 2H 346 4

SEATRTAL, E KL SR AR R AR
CREPIE SIS IES Wk S T

2 MENRENSHEFTBHFEE
e EZ Ak g

21 NENEREHNSHEFEEES T
2.1.1 K HEIHEFH
IXUER, i S 3 2R %) B ML A S £l XU, I 1

AW, 77,2023,40(6)  http://xddl.ncepu.edu.cn  E-mail:xddl@vip.163.com



5540 4 5 6 1

FERE XUt AR G0 XU DIy 231005 i i 247814 7 28 52 45 Dy 3 42 ol SRk 865

BT EERAR, TCHA S RE R 24
BT, fa B MIER AR U0, AR RS T H
YRS B 1) XU R O B TR, AR I Rk
2 Ui U RSEA R R AN AT, TR
MR (2) FiR
AP = Pg — PG = Phess ©)

AP APRHERE AR AL RSB IR P
FR R DI P AIFMIIE P MR Gt
REFARIIR . AP <O}, IRAERE RS BILAE
i, O E AR AR T R EET; AP > OFT, TR
HiRE R MR &, WK TR, BE
i BE R G & MM SRR R, AT A RCE XU I
I Bl D)%
2.1.2 RS

T s 2 %) 0% S B L 5 e U TR AL 8 1 1)
o B R S LR S | & BRI R0 31, S 4 T 2R

PR AR 5, B BF 2 L He RR o 2 0 3 7 1 o
T OCHE .
_ _ 1 dUzdc
{ AP=Ps—PG = 5Cac— 3
PG = 1.5E,lyy

X Coe WHEMIFIRBE; Use WE B HE;
E, MHLIM L 5 T AL LU d i3 . AL &
AR, H R E RV, R TR N D AR A
sz A A R, Lo AR LG K, RBOF
W8P I /b, TR TS e i R 2 VR
DA P LTS, UGB 0 1) P BE R 2 i
R JA, WP # Po, A PHTHIZRAE B MHERR,
S WE RS 5 A NA R~ &) ] B %7 3 4 )
SCHETE T 2R F 5 JHL %) 42 1 SR W~ 47 0 B 42 A 174
TURINA,
22 HBESINEEHIRE

X TIRA MR N KBRS, &
SCHRE o[]St B XL P 1) 381 40 5t R 2 A )
SRR R, AR R s 2 R
2.2.1  HLONZRIR A2 ] S

HL A 7 %8 (rotor side convertor, RSC) % H
TR M R A, K d e AL TR
TREAETT I, g R, 2 K R ) 2P kPl
( permanent magnet synchronous generator ,PMSG )
T IB AT, K HE L W T St 0 T 38 P 1)
kN

T = 1.5Pyl,

{Ps:nwfq @
X PRHRBH RN v s L ET
HLUE g oY s o b R HPLIERE Al . SR AHT)
BRANIR | HL T PN B UL PR ] SR s S 3L L
PR KRB E , FoMHEBR T, Bl
A DL Bl 25 08 & rBL A ORI L T S Bk
PMSG /& H1 Jy 3 () PR s 3 45
222 PR A AR I i) S

W AE i 4% ( grid side convertor, GSC) >R H]

BEF o T ) 1 R S, K e dg A bR
R A m FRMBERET W, HE Ey=E,
Eg =0, M| GSC i th th %Kik R

{ PG = 1.5Egly

0G = —1.5Egly,
X: Pl GSCHIE AR ; 06k GSC fi
TP E B R 5 Lea Fl1 Iy 23 1) R FEL Y
HLUR I d AT g o a0 4 ] L 1 1y, T LA SE
B P F1 O W Ff R T i o 38 3k 1 I B4 L R AN IR |
P, I FEL 7 P B 18 GSC XA B o 5 s T LA AT i e
FrE WA R R e, RSt B bR a0y P
=R 2
AR SCHE GSCOBUA PR ] rpofin A — 1397 L e e

GEI 5 G5t B, B3 A A A ke M T 28] e i
JEJa & MR %, 43R5 2 GSC HL it N 45
Tl A T 5 e F Y TSR R RSC #5328, 1248
R 3 s, Hidr, BTl ) A A7
A A bR E, B ER N S H
I MR F RN

I"ga = \/Pglim—Pgq (6)
Ky Toim WA R TRIE . $ X (6) 1T
BT R R d i S H S HR LR
JEANIR AR XTI S 2 HIEAT A, B2 HHR/IME
YE B B d oy g B8, R 2N
T e 2 ko e B2V ( pulse width modulation,
PWM) 152k oh {55, SEuFIE T GSC I M th
Ui, R, 4 RSC KB E(E S, PrRITHHER
Pk GSC fan i 2 Fe 5 KR 2 15t 2= RSC Zh %
HMIAFNR A RE DR Ay BO AR, AT SEHH& IE & L
HLE T TR A i A8 H AR B D)2 /IR
T ZRAE B R ZR AR (R T 0 AR i A DU sz
BRIKE GSC. RSC AR GHBER AR I RFEE K

)

AW, 77,2023,40(6)  http://xddl.ncepu.edu.cn  E-mail:xddl@vip.163.com



866 m K B A 2023 4F 12 A

r— — — - |____“§

"__T________?w_ — 7T — — | wl oy RSC - WHEIE | L |

| == weer | p | - .

| | wais O 1% |

| o] s | , | oI T

|— — — — — | | I e T |

| N sq | lfgq fgd

- L N — |: H i P ascus | i |

}?f-ﬁlj Id Iﬂl U: USq lfg Lfgq Ig ng Egd qu §E%U xS
_ e g o s 5 A

PLL
PWM @ e e Taibe
LCLJEN &% 1, E,
Yo - o By aV
y Lo 4 A B
111
oA 25 3 I£I LR ATE 55 K
|
H
T ||
Uyt Z i |
v |
[t/ ] |
ig e : |
\4
aﬁﬂ_’ = |
P, UEE
SCRUAHF @f’ | o] Bat;)_(%ijﬂ%
N * , il

L= =

—_— — — — — — —

B2 #EESIHEREH RS

Fig. 2 General drawing of new composite power control strategy

W, UL ARG SR s SR, A
R TR PR 2 ki
2.2.3  BOHE I8 T R SR

14 55— [ A 308 ke 7 Xt B ) 23R 48 4 0 R i
BRI 2%, DR RS AR, s e HL A )
N TRIE A TAEMERE, SRR H ARk 3h
-0, B0 2 W A% RE A A 1l A 5
i, Bk, A SCHE H—Fh A T RIR 2 A
(R AR 7R B e U T R A B SR, JE T — B uE
i R, 2% S A g B 4 B T A AL e
PR AT s, R3S B fL it phdk, SRJG7E
LGRS R RE TR I L R 2 [, 3 2
ATPRIRERTBRIAT, RIS 25 T R AR 22 K05
W ME R IR 2 AT, BRI IEd
W

T, T SR U A 2 R 2 i A Y S

A F7,2023,40(6)

Prfan b s . RLUR, AT A S PR N R 350

Pl = sl el

{ Pgi::al — U;gal . I;gal (7)

SRIA TR S B iR 7 2 3R H AR R )
Y22 AR LI AR 2E N

{ APpq; = Poa — P!

8
APsc:Psc_P;gal ()

e, BT R R 22 R R IR A A RE H AR
e i D), AT AR BE TR S AR A A RE H xR e I 2
RIS PRE A

Pff;ils = Phess - (APbat + APSC) (9)

LRI (7) — (9) IEEEA K 2 vk i
1S 517133 ) Bt N LT w1 2 0 B
EW AL R ECn=t (10) (11) Fion

~ Ts \?
Py (s) = (m) “[Phess(s) — (APge + APpy)]  (10)

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com



5540 4 5 6 1

FERE XUt AR G0 XU DIy 231005 i i 247814 7 28 52 45 Dy 3 42 ol SRk 867

( W SR E, J&Eﬁiﬁﬁw%PWD

09 <E <1

Fa 2
5
09 =E? AT PR R
P
N P Pond < 1P
02>E? ) B 2 A 2 wind G
%
P B T

.

7753/,
RS

| WEN F—

B3 GSCEEERRER
Fig.3 Flowchart of GSC logic control
Prar($) =Phess(s) = Pacl(s) =
1+2Ts
(1+7Ts)?
s Py AR SCRICHE R ik I D) SR R T
TR 2 R 25 A B 11 ) B, D) A8 4 5 Poad R IR
W LA R A WA N SRR S s b, B
A RE R I = A Sl DR AR 4, RIARARA S 1
& AR RERY M DR G S . AL, IRAERE
P S 3 0 O (L P 0 R S B R S B, 2 g Y
i e D P A 8 e R A R b e
PIRG4S, A RO e e i O vk s H AR B
DR R 5 0 BOAR
LA, RGIEWIBATH, RE R
EET KA IR, XU R A
RGUR AR, A £ T RS GSC 58
SRR HILEH B 2, G bR GSC YR S 15145
I SR B R S ARSI, S B IE
A MHRER N AR R84, X SLbn Hbn SR A A
T A BRI ROCR , PR BR B R b Rk
BEIhA, PRER R G L AR E BT

3 {FEWIE

3.1 REINRFMHEREIE
B XA ST $R i 7R B ) SR A SR £ XU

A F7,2023,40(6)

B

“[Phess(s) = (APge + APpyy)] (11)

DM INRE, BOE A% Gt — B I 8 i 21 3R 53 i
T R L B AT R A . Jrh, TRA
BRE RGAHREST I 75 T B ARl Sk [20] s
T . & A RE R AT S TSI E O 200 kW,
ZHEFLE N 1 MW h; 9 264 58 W AR 4 H A
BrE, BMERMN 1% T EERE, N
0.01 MW-h, H {5 9 Fa 250 fig B2 e 08 6 2
RGN TR, PIE AR (state of
charge, SOC) ¥ iH{H ¥ % 0.6, B TAE T &
FEAS R IX ]

Ry 3 UE XUHL Dy 3P M AR A S DA s X
RN 2 MW G RWLEE H 24 h 2R 1)
TR R B, XU D) SR ] 4 FR o

2.0

0 4 8 12 16 20 24
I 18] /h

M4 REBHHEDHE

Fig. 4 Daily output active power of wind power

i 4 T, B H e A7 D 2h R il sh 4
I, Pesh DA B XA 0.008~1.965 MW,
IO 2R B B D 30 S-SR, 5 DU 2 i XL R L
I MIsAT IR EE

Sy MRS skt et Ze a2 T AR
6 A KU DR H AR, A R RS
- B9 KU D 35T AL I {H AR SO 5 B 4
il SR (1) D AN ASCR B AR TR G T7 s, B
J 0 IRURR, T 3 A R e P 1) SR S, S NG A
/2T SR

s

w

~1’”MMW%%W

B 5 IXUER R B Th R TR R L #h £k
Fig. 5 Contrast curve of leveling effect of wind power
fluctuation

ARG I ATAT Y R4 AR ) R GEHOR
ME ) ARl BEAT AR, S ARSI BT

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com



868 K B A

2023 412 H

B 0 RUHL T FESEAMBRE A« 1 min B[] B R
JKUHE Bl 2R 3 S R /N T 0.20 MW 10 min i a] )
JEF KU TR sl /T2 0.67 MW,

Ay HFE 6 AT, 1 min F 10 min B[] RO Ay
DA HL Ty 23R 30 2y 2 A R R G R A BR A v, B
A LATA SR A SCH il 7 2 7410 I 10 AU T S5 3k )
TR AR

0.4

——1 min B
‘ ——10 min I A X

Hy
‘

RPN H/MW
o o
(3] (%)

AN TR IR ] JUBE T IR
e

0 a4 8 12 16 20 24
i ] /h
Ee6 ARMERETRENRENET/H ML

Fig. 6 Variation curves of wind power fluctuations under
different time scales

I 7 AR, AR SC7E ot B — B i e 2
AR P ARSI BIE A, S A A e
PR M N7 g A B PR s D R, 3K 8 e e e 1
MZICR 5 78 R b A U i 17 ) 4 RO B 1) i 3l 2
AR, LIS Eh TR iR a A

1.0

LIH/MW

i []/h
7 REEEESR N R I ER N AL i 2k

Fig.7 Power response curve of each medium of hybrid

energy storage

MG 8 FT7R 2 3 19 SOC HiZk A&k ml s,
AL SOC BALIREERCR, VRN AT AR AME K
I 2 RIS IR, Al AR A R
WHEANRFREITE AT E M SOC Z LR R,
DM R AL N8 A I sh TR, i) /b & A il
4 ST UK, i T DR R T 3R 40 1 ] I S
FEL Tt ) ol P 7

LRE T 5—8 W, ML TSI, &
SCHTER HAT DR RS B B RO R B IR
PR TR W AN BB A8 S BEXF H b B 3 (0 RS 4 B
S ie, WOt TREREA B sE R AR,

A F7,2023,40(6)

I B S 14 XU R g 25 48R 4[] I A A BE A
J3fel FH 7 4

0.8

— &l

0 4 8 1.2 1.6 2.0 24
It il/h
B8 EBEESNRSOC MLk
Fig. 8 SOC curves of each medium for hybrid energy
storage

32 HEFEMERIE

Shy 6 UE AR ST i 37 0 52 ) S 4 ) e il e o
IR R, 76 3.1 7 A SE R 1 IR LA
B, O T SERACRIIE B T oA, R EAKAUAL
F PP B BE R SOKW, i RS 0 1L = A F 9
HLUR BRI e T 05 FLRIE . BRS B 1.

®1 MEFHIESH

Table 1 Simulation parameters of fault ride-through

ZH L SR L
KA kW 50 Bat#jiE -1 /kW-h 25
LA E B e/ Vv 380 SCHIE 2 it/ kW-h 0.25
HIB BV 800 HaL 33156 /Hz 50
BB 2 /mF 40 Lyjim/pu 1.1

ST . KHLT 03s BEARESIFBT T
DipiaX, 0.8s B BEEMRE N 50% 1) —HH i W
H R P AR, 1.2s IFlC R

19 JIt 7 Ry A e 4 il 12T i o 2 A L
JEE, el A, T GSC iad7 T Hf T3 N £
B, TYHRSHHEGAANE, BAMEES,
HL O H PR R AR kT, O T R B L R AR
AU S % EHRHE T IR B E, FECH )
DI R ARG S5 1 1 pu B9 % 0.65 pu, HBEZE
HLR R B RAE R B AE D IRl ia T, 4k
FIRE 2 L [ B 2% vhofe B AR, (AR 4
F14) 20 i FEL BEL M DA 56 1A% Dk 3l L R A SRR
W R P AL B e 2 7 2 IO ik % DML IR B
e M B L )

] 10 A SCRT LR A D e il T 05 B
Eifeg )5 gt e nT A, i TRl R GSC
T FNE G it e 2 1 SR 1) 52 & DRl A )

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com



540 % 5 6

TR U FR T AR 3 0 5 il o 2 14 7 2R 2 4 I 3 il SR g 869

}

GSCHLif/pu
o

Iy
-1 ]gq
= T
1 L
= W i
e‘ I
5 N :
5 0 "
|©)] pu |
2 P
6] g

1.0 |

0.5

FLUR REZR B /pu

0.0

FH R L /pu
S —_

|
—_

g e

|

3
|

0
-1
-2

HL P HL i/ pu

\
|
L L L L L I L L L
0 02 04 06 08 1.0 1.2 14 16 1.8 2.0
IR )/s
B9 fEgiztlAETHEFHEAESR

Fig. 9 Fault ride-through simulation results under

nr}\r\}wwwwmmwuwwwwwww\nrw|\f\{\f\{\f\]\(\]\\JL\JLW\w1xrw\;uwwwwrw\wr\nrwwuwnm\mm\/\

traditional control methods

P L ASCTE 30 B A RIT] ek 2 A A/ A A EL IR
BB BRI, Jooh i bt 1 B JE T A
A DI FRAL 32 B N R 8B 52 T S AT PR A B A
SE I . S A NS TR RESS & GSC &
Ty i SR g, ok A T 7 R A o S
AN HERRAE FLR BRZRAL AP A DR, R E) T B
MRS AR, EDI B2 TR 4R A0 T AR VRV
(L1pu) BRI, KL T4 40 M is 17,
A 2 OO W] R TR e T i

LA 9 FNIEL 10 AT, FEA SCRR S5 Al
A TARPEH R I IE T, R 30 18] A4 AN F-
i h GSC FR & fif BE 2 Gt L [\ 58 WF 4 AT 55
A RLCE A G D7 5T BRI S R

j=3
S
=
2 0 f
o 1
& i fxa
-1 T Ly
T
=
=
iy
%
] Py

IREEREM N IR AW  EIR R BT /pu

8 | (L WARrS

AFGAFAW

0 02 04 06 08 1.0 12 14 1.6 18 2.0
i A)/s

E10 FRESHERHTHREFEAEER
Fig. 10 Fault ride-through simulation results under new
composite power control

4 Zig

1) B3 AU R, AR SCHR HY A g i 7
IR AR B, SRS, TS
X B D1 R ARG A BRER RT3 BC, KU D) 5411
RO B ) ] B A2 (A RE A i £l ]

2) BEXTBCRE S, AR SCHR A GSC MR &
filt EIL IV A9 52 15 D R P SR, T A7 20410
R ] A AT D)%, Ay R RRR AR E
i RGEIEANZH R, LG H Ik R A
EiRSRibdE s g i

3) ETIRAMEMEHREN I LR ARES
PIESAriP U AR R LB E
Ye e RGERRRIRR I RE T, T — 8 AR F S

AW, 77,2023,40(6)  http://xddl.ncepu.edu.cn  E-mail:xddl@vip.163.com



870

K B A

2023 412 H

i 22 G815 /5T I U g ol Sk R T T

S 3k
(1] SRS, TO0. SR FLSE DN MR B A R 40 Uty

[2]

(3]

[4]

[5]

(6]

(7]

PP AR (1], HL ARG A Bk, 2017, 41(3): 7-12.
WU Jie, DING Ming. Hybrid energy storage and wind
power fluctuation control strategy using adaptive wavelet
packet decomposition[J]. Automation of Electric Power
Systems, 2017, 41(3): 7-12(in Chinese).

FREERS, 7855, 2K, 55, JE TS EUR AR SRSk i
1R G 1 BE D) % 20 BC 5 W (0], BT AL Jg, 2021, 38(1D:
51-59.

DU liaxing, LEI Yong, LI Yongkai, et al. Hybrid energy
storage power allocation strategy based on parameter-op-
timized variational modal decomposition[J]. Modern Elec-
tricity, 2021, 38(1): 51-59(in Chinese).

AR, Bl AR, RN, A IS E M SOCE A iR &
fift BEF- I KO R sh e me [7]. BLACHL T, 2018, 35(3):
84-89.

LI Qing, YANG Guohua, TANG Hao, et al. A hybrid en-
ergy storage strategy for smoothing out scenic power fluc-
tuations considering battery SOC safety range[J]. Modern
Electricity, 2018, 35(3): 84-89(in Chinese).

Wik, R iR, 450, % BT IRA MR KRB IE
PRI, W01 A S ki, 2015, 35(4): 70-76.

CHEN Qian, CHEN Xiaoyi, JIN Yuqing, ef al. Optimal
control of large wind farms based on hybrid energy
storage[J]. Electric Power Automation Equipment, 2015,
35(4): 70-76(in Chinese).

R, o, #/0-F, 55, 5T BlochR 1 Y1 15t 1%
IR A RE RO B E (7] h E AL T AR AR,
2015, 35(3): 592-599.

MA Suliang, MA Huimeng, JIANG Xiaoping, et al. Capa-
city configuration of hybrid energy storage system based on
Bloch sphere quantum genetic algorithm[J]. Proceedings of
the CSEE, 2015, 35(3): 592—599(in Chinese).

M, WU, ARIRIG, . T R g L R R
X5 A F AL ZFL 0B P, O 1 2 A [0, L R 2021,
45(11): 4233-4242.

MA Yumei, HUANG Qingjun, ZHU Donghai, et al. Ana-
lysis of fault current characteristics of DFIG considering
converter output voltage constraints[J]. Power System
Technology, 2021, 45(11): 4233—4242(in Chinese).
FEARVL, 2K AR, WHACH, 45 A BRI 1 G AR A FRL R
FGCIR A AR ) HEm (7], 1 R, 2015, 39(10):
2739-2745.

CHENG Zhijiang, LI Yongdong, XIE Yongliu, et al. Hy-

A F7,2023,40(6)

(8]

[9]

brid energy storage control strategy for photovoltaic power
generation microgrid system with super capacitors[J].
Power System Technology, 2015, 39(10): 2739-2745Cin
Chinese).

HVEEES, pidk, X0, 45, B TR AR AL R D de iR &
it BE P-4 LB X F BILZEL S 5 0 s 2 i SR B I 5 ). K
BH R 412, 2021, 42(6): 72-78.

TIAN Guizhen, LU Dong, LIU Guangchen, et al. Research
on the control strategy of hybrid energy storage based on
zero-phase low-pass filter to stabilize the power fluctuation
of direct-drive wind turbines[J]. Acta Energiae Solaris Sin-
ica, 2021, 42(6): 72—78(in Chinese).

TS ity, XNARFE, XA 55 . 4 XU DR sh BB AL i g
ARGt (). 5138, 2018, 55(24): 78-87.

JIN Wenhao, LIU Jichun, LIU Junyong. A new energy
storage system control strategy to suppress wind power
fluctuations[J]. Electrical Measurement and Instrumenta-
tion, 2018, 55(24): 78—87(in Chinese).

(107 fyfisie, ISy, HhH, 45, JE T ooRas L IR A fift

AE R G0 0UZ AR I T 3k (0] W 0 A sk i, 2020,
40(7): 157-167.

HE Junqgiang, SHI Changli, MA Ming, et al. A two-tier op-
timal configuration method for hybrid energy storage sys-
tem based on meta-model optimization algorithm[J]. Elec-
Automation Equipment, 2020, 40(7):

tric Power

157-167(in Chinese).

(1] ZE2gs, XU, R Bl i & R R L SLm DR

SYBETTE]. LR, 2019, 43(5): 1650-1657.

LI Xuebin, LIU Jianwei. Real-time power distribution
method for hybrid energy storage system using second-or-
der filtering[J]. Power System Technology, 2019, 43(5):
1650—1657(in Chinese).

(12] 55, PR, BEPELL, 45 Kk ek KL AILZE IR L T 25

[13]

ERATIELRIART]. B TR, 2021, 196(2): 75-85.
FENG Zimu, SUN Guoqiang, TENG Dehong, et al. Re-
view of low voltage ride through research on permanent
magnet direct drive wind turbines[J]. Electric Power Engin-
eering Technology, 2021, 196(2): 75-85(in Chinese).
BRI, TR, B/INT, 25 XU ML 2 5 % 0
5 IABE IR A P SR IS [J]. b B LB T RR 244, 2021,
41(17): 5911-5923.

YAN Xiangwu, WANG Desheng, KUI Xiaoxue, et al. Re-
search on the combined control strategy of wind turbine
fault wind
storage[J]. Proceedings of the CSEE, 2021, 41(17):
5911-5923(in Chinese).

ride-through and frequency adjustment

(14] Z)aiat, MR, Bet2. SETIRARHRE RGA RSN K

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.7500/AEPS20160607009
https://doi.org/10.7500/AEPS20160607009
https://doi.org/10.7500/AEPS20160607009
https://doi.org/10.19725/j.cnki.1007-2322.2020.0193
https://doi.org/10.19725/j.cnki.1007-2322.2020.0193
https://doi.org/10.19725/j.cnki.1007-2322.2020.0193
https://doi.org/10.19725/j.cnki.1007-2322.2020.0193
https://doi.org/10.3969/j.issn.1007-2322.2018.03.012
https://doi.org/10.3969/j.issn.1007-2322.2018.03.012
https://doi.org/10.3969/j.issn.1007-2322.2018.03.012
https://doi.org/10.13334/j.0258-8013.pcsee.2015.03.011
https://doi.org/10.13334/j.0258-8013.pcsee.2015.03.011
https://doi.org/10.13334/j.0258-8013.pcsee.2015.03.011
https://doi.org/10.13335/j.1000-3673.pst.2015.10.009
https://doi.org/10.13335/j.1000-3673.pst.2015.10.009
https://doi.org/10.19912/j.0254-0096.tynxb.2020-0267
https://doi.org/10.19912/j.0254-0096.tynxb.2020-0267
https://doi.org/10.19912/j.0254-0096.tynxb.2020-0267
https://doi.org/10.19912/j.0254-0096.tynxb.2020-0267
https://doi.org/10.19912/j.0254-0096.tynxb.2020-0267
https://doi.org/10.3969/j.issn.1001-1390.2018.24.014
https://doi.org/10.3969/j.issn.1001-1390.2018.24.014
https://doi.org/10.3969/j.issn.1001-1390.2018.24.014
https://doi.org/10.3969/j.issn.1001-1390.2018.24.014
https://doi.org/10.13335/j.1000-3673.pst.2018.1447
https://doi.org/10.13335/j.1000-3673.pst.2018.1447
https://doi.org/10.12158/j.2096-3203.2021.02.011
https://doi.org/10.12158/j.2096-3203.2021.02.011
https://doi.org/10.12158/j.2096-3203.2021.02.011
https://doi.org/10.12158/j.2096-3203.2021.02.011
https://doi.org/10.13334/j.0258-8013.pcsee.201129
https://doi.org/10.13334/j.0258-8013.pcsee.201129

5540 4 5 6 1

ERERE XU ARG D54 e

TP T B 5 5 DR A SR 871

E ERI A Riib A A
21(8):3141-3146.
LI Xianshan, YE Lang, CHENG Shan. DC voltage control

strategy of doubly-fed wind power generation system based

R R 5 TR, 2021,

on hybrid energy storage system[J]. Science Technology
and Engineering, 2021, 21(8): 3141-3146(in Chinese).

(15] BB, 95738, 2SR, G FH T e /A0 FL s 2 By L

HL R ) 4% ol S5 s S HLAR S HAR ST (9], AL AR, 2021,
45(1):39-49.
ZHEN Yongzan, SU Ningsai, LI Meilin. Research on co-
operative control strategy and stability technology of
doubly-fed fans
through[J]. Power System Technology, 2021,
39-49(in Chinese).

(16] /57—, BRoh, SalH, A%, ELOKRE AU ALZ i i 25
IR SRS (0], L) R GEAR I S R, 2020, 48(15):
50-60.

LU Yifei, CHEN Chong, JIN Chengri, et al. High voltage

ride through coordinated control strategy of direct drive

suitable for high/low voltage ride
45(1):

permanent magnet wind turbines[J]. Power System Protec-
tion and Control, 2020, 48(15): 50—-60Cin Chinese).

[17] SHEN Junyi, KHALIGH A. A supervisory energy manage-
ment control strategy in a battery/ultracapacitor hybrid en-
ergy storage system[J]. [IEEE Transactions on Transporta-
tion Electrification, 2015, 3(01): 223-231.

[18] GAO Xueping, FU Lijun. SOC optimization based energy
management strategy for hybrid energy storage system in
vessel integrated power system[J]. IEEE Access, 2020, 8:
54611-54619.

(19] £ 14, FEL0EE, K5, 45 s KL E PR X E KRG
LA 2 55 4 BF ST (0], ) TR AR, 2022, 41C1D:

A F7,2023,40(6)

93-100.

WANG Bo, ZHAN Hongxia, ZHANG Yong, et al. Re-
search on combined optimization of economic dispatch of
wind and fire considering the uncertainty of wind power[J].
Electric Power Engineering Technology, 2022, 41(1):
93-100(in Chinese).

[20] WKk, 2Rk, JAR, 45, AT B UL 3l s )

WA il R 40 2 B AL C 0], H A R, 2014, 38(6):
1485—-1491.
YANG Shuili, LI Jianlin, HUI Dong, et al. Capacity optim-
ization configuration of battery energy storage system used
to track planned output of wind farms[J]. Power System
Technology, 2014, 38(6): 1485—1491(in Chinese).

KRB 2022-04-06

EEEN

T (1996), B, WiLArsAd, #5071 A Hihe
FEMEA, E-mail: 1536842882@qq.com;
SKRHTHE (1964), 2o, Wi, #HER, EEEE, PR
HRGERILA ML, Fifeli kB 5IFMEAR,
xjexzxy@126.com;

AR (1997), B, SUE0F5EA:, BFFETT ) o e i B i
A A, E-mail: 289374779@qq.com;

FWAR (1995), B, L5, TR TN E I R K
H A3k, E-mail: 2724397883@qq.com;

L (1997), %, fEBEIRA, BESE T LD R G K
H A, E-mail: 2985724332@qq.com;

WA (1996), B, %+, MRFHNEI RGBT 5%
¥, B-mail: 763436362@qq.com;

Mz (1997), B, %+, IR RGBT 5%,
694283512@qq.com.

BRHY

E-mail;

E-mail ;

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.3969/j.issn.1671-1815.2021.08.023
https://doi.org/10.3969/j.issn.1671-1815.2021.08.023
https://doi.org/10.3969/j.issn.1671-1815.2021.08.023
https://doi.org/10.1109/ACCESS.2020.2981545
https://doi.org/10.12158/j.2096-3203.2022.01.013
https://doi.org/10.12158/j.2096-3203.2022.01.013
mailto:1536842882@qq.com
mailto:xjcxzxy@126.com
mailto:289374779@qq.com
mailto:2724397883@qq.com
mailto:2985724332@qq.com
mailto:763436362@qq.com
mailto:694283512@qq.com

	0 引言
	1 风储联合发电系统结构
	2 风电功率平抑与故障穿越新型复合功率控制策略
	2.1 风电功率平抑与故障穿越原理分析
	2.1.1 风电功率平抑
	2.1.2 故障穿越

	2.2 新型复合功率控制策略
	2.2.1 机侧变流器控制策略
	2.2.2 网侧变流器控制策略
	2.2.3 改进型二阶滤波功率控制策略


	3 仿真验证
	3.1 风电功率平抑仿真验证
	3.2 故障穿越仿真验证

	4 结论
	参考文献

