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Hybrid energy storage for smoothing wind power fluctuations based on fuzzy control

JIANG Xiaoping', PENG Chaoyang', WEI Libin', LUO Zhongge®
(1. School of Mechanical Electronic & Information Engineering, China University of Mining & Technology (Beijing),
Beijing 100083, China; 2. State Grid Beijing Urban District Power Supply Company, Beijing 100037, China)

Abstract: The influence of wind power fluctuations on the grid can not be ignored. Adding hybrid energy storage system
to wind power grid system can effectively reduce the effects of wind power on the grid. First of all, according to the
requirements of fluctuations in the amount of wind power network, this paper estimates the amount of forecast wind
power fluctuations on a moment. Then, it establishes a fuzzy controller based on the wind power forecast fluctuations
power and battery current energy state, outputs stabilizing coefficient K, and calculates the actual output power of the
hybrid energy storage system and grid power of the wind storage. Thirdly, it utilizes the hybrid energy storage SOE
variation and super capacitor current energy state, establishes a fuzzy controller, outputs distribution coefficient K,
calculates the actual output power of the super capacitor and battery, and updates the energy state of hybrid energy storage
in real time. Finally, an example proves that coordination control algorithms are reliable and effective in hybrid energy
storage capacity under the condition of sufficient and insufficient, and is able to adequately resolve the contradiction
between the service life of the hybrid energy storage and wind power fluctuation degree of ease.
This work is supported by Fundamental Research Funds for the Central Universities (No. 00-800015G2).

Key words: wind active power variation; hybrid energy storage systems; fuzzy control; coordinated control strategy;

energy state

0 33

HAT,  RESS DS 2 ol 1 I 48 [ o 19
H . FEARK, BT REIE AR REIRET A
HE o RHLE R IR Al ot v P (1
OB T e B B s R U,

[ N b K E S AT T KRR A 5 S
Gt SCHR[4-6110 WA I fif g SR 48 T LAAT 20t T4 X

BeWMB: PRIRAAFTALEFERATLAA
(00-80001562)

HUFF R TR, B BBl R R, A3 20k
LR HLRE A T, AT AT XURIFRY s SCRRE71R
HLHL A E 2R 90T 1 XL Bl SRl T BLER XU
DGR E M SCIR[S-91 I IR S i B RGL R
AR RERAERE, LIRS, A20h-T-Hx b
D1 Pesls SCIRLI01 N TR 38l et T
R TR T 7 T (MPC) s BILFR) 1~ 00 X P 1)y 6
B b B RS SCRROER H— P&
TR R AL BE O P U 2 SR, T A RO
RS L D) 23 By s SCHRT 1210803 T4 ik ) 5 250
HAHRE RS FE I H AR Zh 2 H AR T  Eh



HAE,

TR R IR 5 il RE-F30 XU D)3 )y - 127 -

BB HIEN RS s SCHR[13148 T FPdk
AN T E R B B IR S B R
SR SRR SCRRI1415€ H 3R T/t
RRH) P R 2 1) PG TR 5 A RE L3 51, AR BLAE
gy et me e AU o B R 3G SCER[15]
TR ZE PID Pl ds, SRATBORI A 22 9 2% 530000
REERER S PID 2 S BT FE LA SCHR[16]
X R RIS AL ¥R R X 3L P - X S T 11
HHE AT T Gt 0 M, A5 20 MUK S g
AT, S T AR RE R SR XL A Dy
T35 I 2R G bt A s KISk s SCHR[17]92
HY T ol AR 47 1 SR (10 i i 6 AR T A B
AGC P : SCER 18]I 1 57 47 4y 15 it e e
b DL, SCRAE RO T S PE VP Al b o A
Ay 5 ik B8 b B WM DA RO 52

M ERSCER AT LA Y, KORAT Dh D) R sl &
SEIU AL F R 2 H AR5 1) T3 0 e A S DXL A
WA RGN H o AESUR L, A U R B IE B A
oot /INBCEEAR) 7 B il REDD A, PRDL T il BENRE s
G ORY T it R AR IR ) 73 SR A A
FE  FL BRI L ARl Y B SR S5 F i D
PR A A AR ) B, AR B, — R B
PR TR FIF M DR DL R il e 2, A
M2 ARSI Al ri b BB SO B A & SOE 11
RSBl et TR, (EAE ) oI A vh 4547 A
U B TSR B R/ INIERE N il BEAE Rk
A7 IR FE B PR PR A 55 )

S UA RIS, ARSCPE P AR
REMHEERG T TR D Th R BB 1k
HOG, MSENEERIME A, MR A HLIF AT D Th
P ERI IR S AEREH 11 Zh A, IFRYE 1%
Ty 2 55 F i e Ty 2 (1) B AR (CGRAE g 6 HH 0 1 80)
L5 Y T IN 21K SOE T LR ALk REFEAN RE 1) T
SAERESCbr s R, DRSS LR se s
NI, HRPEIL SOE ARZS ANt fE S b th 2h %73 i
Tl BEAST I S B Hh D75, S8 BTk 15 il BE (0 Bip A 425 o
fJa s WIS iz s R, BT S,
T TRERERGEORT 5 WD, &
B AT RO SEBCTAI R D SRS 1 H 1.

1 IR EBERR R GG

XU R ik B8 22 Gt 2H A 1 55 R 1 8 42
FIEWE 1 s, Wbt Rongem i, KLk
R PEhlE 54, RRER NG54, P,
AW AT EN R, P, G BE T KT AT DI 2h
K, P ARNHEYEASISH IR, R RSt
o, BRI,

B=R+R+F (1)
AW s P SR Ky AN T4 B, vl B 3
RSN LIRS YN DU R RRIE SR
SCRH 30 min AT 2 S5 )y i 7 MU AR 7%
DLW ; fERERZEMN B« B ONATE N D, AT
¥4 Dy il AL DL B ZER

! SOE.(1)

(R e
Y I !

— wernmeld TV Y

I”‘““‘“‘mH““”“"‘M"% : N e

| A_HO :

LSO, (1) ASOE, (1)

B 1 RgLaaE
Fig. 1 System structure diagram

v b i R B, 55O, » HIthAE
W% P . AR Q,, BAEReR L, i ThE
NIE; RS, i ThE . Wl 1 TR
IR 1. 2 IRA MR RGBSy, AL 4
H 2R 2 BT o AR SEIN 0 KURAT T Th 5 L,
FI T 3C(2) vF 5 ¢ B 1 R R Th 2R 3 Bl S Sy
AP, (t); AP, (t)/ P, FiHiith SOE, (¢) 1F: J A5k il
a1 A, R REK (), RIERE)IHE
B SERRE LTI B (0) s 1 P (¢) 76— FREI i)
K BE A RS ASOE, (1) (B0 ¥% P, (¢) $972 th #8 2%
HIZ SR AL BT SOE, (1) 1 A BORA Hl 2% 2 i,
1FENLLBI R EL K, (), ARHE (4) 7 Bic H it FEE 2 v
FEA I SE SRR T B (0) A1 P (1) s MR SzBrt 1)
FALIN g R e IR, (S).

P, (ty=max(P, (t) - P,(t =1),---, P, (t) - P,(t — N))
{APW =P, (t)—sign(P, (1)) x AP
(2)
L NRIR ¢ IS Z 2 Fi i N AN Z A P (0 FAP
I MEIRIE[N, ABIR, KA D D& 8 i K
(AN AR VF I A T D28 BN I e KA, max 3R/ HX
— BRI KA, sign() BT SR, Kon
sign(x)=x/|x]

P.(t)= K, (1) x AP, (t) 3)

{Pca) = K0 B0 @
R@®O=R0-F@®
{&ﬂga+D=SOE4ﬂ+}yng/Qc )
SOE, (t+1) = SOE, (t)+ B,(t)xT / Q,



- 128

& 0% EP DA

System fuzzyK1: 2 inputs, 1 outputs, 35 rules
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System fuzzy-K2: 2 inputs, 1 outputs, 35 rules
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Fig. 2 Fuzzy controller structure diagram
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Fig. 3 Membership function diagram of first fuzzy controller
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Table 1 Control rules of first fuzzy controller
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Table 2 Control rules of second fuzzy controller
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