$£39% F118
2019 fF 11 A

® 2 & #H wE &

Electric Power Automation Equipment

Vol.39 No.l11
Nov. 2019

Je R AR AR HEFE S B R

KT FhE AT
(1. b HKRF FHBA LI EZAABRELLR ST, M £E 071003;
2. ML A A RN E] a5 &, Ak B 061000)

WE: A AEREHSTAITEY , L E e bkt RALERGEEMIES B P L B PAKZ)
e AR B AKX A, MR R T 2L Z 0 RAAE R ISR Z L. LR REE Ribie
AR 505 0 T AR R R R 2 AR ik AR SR T I 6 2 R RA T, R b AR bk A B b Ak AR 4G IR Ak B IR
T AE ) R ZAE R R B S R SRR A Ok 3, AR 2 KA AR LA 09 2 BRI AT R, TR A

2 FF AR A E, AR BAR R B AR B B, SR, BB AR A AR e LRl AT L RS, B
IE T PTRIZH R AL oA R A AR IS T Ak b At E P B R e B, R F R E AR E

wAE T

KGRI AR L AR BT B M B R B BB R R

hESFESTM 727;TM 912

0 5l

B R D ARAE S 3= 7 H A A 2R 19
B RE IR A% 32 I R I )y sz — o O T 4
FRGN L efadalT R i e 2l
PRSP0 S 410T RE VAN T A BEAIL | TR P 4 H 2
AR RIAT I 5 R R AR, LR A-F 4
Dy AU Bl A ik BE 50 B AR BLAT ko AR AR E 1 T
AE , ANTCHEIE A B R I3 5 R0, PR RS
Tl e, O ) A3 2 ) AT R JCIEAR B PR B

BT REIR A v AR SR IC A5 HL T HL AT AR AT
HHA S PO A DR RE . Be b KU
JGAR e A BE B w5 24 REAS LR MR AR AL T3], PR ]
ZN BGPTSR . R 38 TR RE
DB RE AU IS R T A BRI AR AR UG TP . 3
FR[3 17 SC T 72 3 KR ATLZH A RE AU sl o, P 285
SR W FDUAGE I 2 1) w20/ N IR R I I 1 5585 2R e 15
PERYAFIRZIE o SCHR [4-5 1R F o0 2 1 B0 7 R A
DI P PR, B i 7eAL  KU ALAL B9 Bk
Dy AR BER P v, R A A B SRR S S
GO A v 28 GE WU T LAAE I 0 0] 3962 45 ) D) 3 2 o B
Wb SIS RS LR R S R 20
HIL A 2 A5 a7 A% 3t o B0, AU L A rELATLZEL 119
ShAFEIE KRG .t ORI T RE R A
it BE 7, HESULIR] B LA 1 AR Bl s, ZRA5 U] i3 2 =5 i
JOLATY S e 25 1 e RE 1R o B (R AE SR R L, (H P R DL

Yrim B #8:2019-03-09; & 2] H #3:2019-09-09
E€WAB:BE A RKXHAFEL TR A (51507065) ; 7 b 4
B AR 2 s R B (E2018502108)

Project supported by the National Natural Science Foundation
of China(51507065) and National Natural Science Foundation
of Hebei Province(E2018502108)

SMERAREAD : A

DOI:10.16081/j.epae.201911003

RARDTRYSCHR . AL, STehe k LA TR OGR4
5 R s m R I FR, B BT shae
BAT R UL Bl 5% i T T WA R S LSRR
A RE AL OC R HIR M BRih B A 2. B
SR, AR TERE i 1k e v RS W AT RS A i 24 A O g
ORI, A RE Ha B HU sh IR & n i BE ). H AT,
Hi, g 28 40 v 3k 107 25 ol R B 2 P A e R i
W o Horbr, i AB it Y 7 T 23 52 3 S ikl R
JE Ko Y BRI E AT 8 o T 5 v ) R 2 R R R )
HL g, IO 0T R 7 5 FL R 22 U B 78 T30 1) 4
7oK, NITTAR R & 2 Rl IR BE S RO R IR A 0 25
b ATV 0 5 3 2 i R A T A DR BE IR
o 4 A3 A8 R P, A B — 2D T R A R R A AR
WA STRERE T, TR TR AR DA F Tt A i 0 PR 25 £t i
FRTRE 4 1 L B i 2 TP AR A R FUMBE o 43 D ik

TE R GRS B, g RAT LU & w1k BE
Tt R BE R Y RE UM Sh I8t o, AR SO S T
HA YL % BE | H 2 e BE 5 A F DL LW Sl B 1] 7Y
RE S AL OC &R LR HE 5 5 TR A it BB R 4t HESS
(Hybrid Energy Storage System ) [ i 1% a1t & 1)
JE o TEIA HESS Jy A8 45 il S g i JLdih B, %)
B L 5 G A A A BRI S R KT A i R
A PR TR A W 1 R Y M 40U Bl 15 o A T
Ao I E i S A T SR A R AR SCRE Ol
TREBEHL LT 29 30% (14 i 0 7 L AR 48, X AN [
RS BL N, HESS X it P51 S Rp i sl i
PEAT T 05 AT

1 HESSHIBEE 4B

ARSI T ASGIR D 3 7 TR 8 23 Ai AL A
B, RGN AN R 1 IR o R G HE LR



118

SRAET, 45 R T IRA TH LL BE A A SR UA% S B i s 3R 5]

LR BEBE RS HH T S S A LA . fERER
S0 Hh % FL 2 R G A AR A I HESS 5 A 1A
T, P OGRS B IR S48 % 5 PO R T
NRSHIRS s POVEP R BRI N RS HIEL P,
O S S LB ) D RS H AR 4 PO U

HiR
JIR pc/| P | Z
BEsl DC P ENG
DG Py o/ |%

Bl = | R £ i

p %:_@
(2 DC/| &
maER | /De

1 R RSGRIMNEEE

Fig.1 Topological structure diagram of microgrid system
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Fig.2 Control strategy diagram of HESS
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Virtual moment inertia control based on hybrid static energy storage
ZHANG Xiangyu',LI Lingfei',BIAN Zixuan®
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,North China
Electric Power University, Baoding 071003, China;
2. Cangzhou Power Supply Company,State Grid Hebei Electric Power Co.,Ltd.,Cangzhou 061000, China)

Abstract: Firstly, the energy conversion relationship between battery energy storage, capacitor energy storage
of super-capacitors and mechanical kinetic energy of synchronous generator is established in the process of
frequency dynamic fluctuation,and the definition of virtual inertia of HESS(Hybrid Energy Storage System)
derived from two kinds of static energy is defined. Secondly,based on the charging and discharging charac-
teristics of batteries and super-capacitors, a HESS cooperative control strategy is proposed by using power
co-regulation between two energy storage units. By monitoring the frequency fluctuation of the system, the
control strategy transfers energy of battery and super-capacitors to imitate inertial response of synchronous
generator in consideration of characteristic of power control and SOC (State Of Charging) by monitoring fre-
quency fluctuation. Finally,a photovoltaic micro-grid containing HESS is set up to validate the effectiveness
of the control strategy. The simulative results show that the strategy can make full use of the static energy
stored in HESS to rapidly virtualize the inertial response and significantly improve the frequency stability
of system.

Key words: photovoltaic power generation; hybrid energy storage system;virtual inertia;frequency response;

battery ; super-capacitor
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