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Fig.3 Active safety architecture of electrochemical

energy storage station

D)5 —IE B2k : E 3 XA

5 — 1 7 S A WD FL 3l 1 2 4 R R XU D
RS, DR b B 28 A7 8 KURS: P B A B 42 415
PRIRIXUBSE I, A0 H st e g A AT RE ) o

AR A A DA 18], v 1t A A5 28 T A ) T A
R HAT, EEAREE BMS WAL f RS AR AR
FLAE , HLB = X0 H Tt 22 4 B (E A 1 B R R RE ),
Z BMS A B AETE R RN , A Hoa v it XU 190 g
Jo MR R A S — 18 2 A B 25 il i 22 1 ) R
J¥ Z G5 @ BT 5 SEIN B A H, 2 b L ik
HMRRAE S AR INTES Y, PPACIR S A 3, s s
TERAE 2 A AU, , DA Sk A6 A1 Pl b PR R 4 XU o e 5
BMS i 47 Fi i R R A0 TG 4 T2 sh PV B AR
G5 AT PR P2 %, BEL 1 A vl PR A i 4R BT S 3
ARRICAE o BEXS K ERS5 OBr R R I H b P A B4
ZxVERE Y [R) B, 38 1) H b 7% 45 1 2% (battery  control
unit, BCU ) 52 B L b 28 8 A0 260 25 W I, O 26 T =8
AR S R SR, o 44 % 59 1 R Tt 8 P T A
PEAT K] HE A S 45, sl G 1 27 H i LA R A i
T RGE KR (RIS 3 3 R AN A R A
i ASBUZ WA PR GRS 10 e B R R AL

2) 55 IER L AR

5 3 B LA IR B A RE R it 22 4 A7 A 22 4
F Sl B 2 e U 2R 8, il A shal N T, o
VRR AR o v Ak S i e v il Y as AT RE ) R T i



%8 A MR T T R e o [ N T 81)
o A R R A SRR Ak A i R 3 e 2R L, XU TR 9 R A L B R
BEiZ W . 1) S 7 ORS Bf 17% E Tt R R | e b B AR AR A T

AT R b 91] , 5 R R QA A A R A
B, R AT 5~15 min PUE AR, KNS 3B B A B
ARG, RN IR R AR e R A e, DU
1 5 AL TR IC A M0 55 AL SRS K IR 2% U L
PRI 2 AT U R TR SRR MR AR A SR
IR Fi R PR, T80 R 4 A TR T 1
{E, A RS HOR BB B (E I, BUE A 50 U
RICT — 240, b S i[RI, 2T L
BRFIE SR, SR 2 TR0 A7 14 B AR SR 7 1%
HEAT FLPATAL A 18] U, SR I 5 ik 53 53R O
VEEATRAE AR 04 , LARR AR AR PR a3

3)% —EPTL : EEFEAL R,

o =TEBIR TR S JCOK S AR KU A
OV R TS ERR AR SO B A A 3
AT E SRR, 2 Ik A phe s B 8 e, SR — )
W BT BORE G N BT, By 11 B AR i R R i A 351

YRS AV S GYETIVE il € 1S D/SE 1T RE =Ry, 22
KK HTIY , CO A 25 55 A% AR 4, fioh e HE PN 9H
B, IWr B R HRL IR, JA Bh 2 K K AE A R U
R A2 A, AR K RAF S, B K R AR i A A ] 4
ARAS, BI7 L T HCEAL ;78 i KRB B K R AR
277 A B DR TR B g SR HE P QA5 2
FE L B Lk e AR K, O S0 R A L T, T L B
RGN, i Al A BE FRL 0 (] 2] 22 A T B AR 5 24
R O ST 7 % R R Y A R 1
AU I AR AR e B I AT A
Hor SORF SR A TE M 15, BT KRR B o 78 N S T
S5 T < FIBEK G T PRI PRS0 ) 16 T R U
B @A B 5 SN 2 TS s PSE Wah ZH LA
LHRTE , H N B L F RIS K R A R AR
Jit, BT B4 i 8 AU B BOK B, 3 AR K 2% 22 42 By
PR R ARSI, 18 R 18 N 5L B 2 A B
Pl
3 XEEFHREMKERAR

3.1 EFHRETEPFRFEAR
3.1.1 Wiy £ e RHFIR

VL EE, i A 151) 5 — 3 BT 2 S R i vl B 300 XIS T
A BTG /N 2R 4 Bl B e R e A R
5o TR ) XU Sfe [ A5 Bl R G 455375 BT, vt o)
T R A T S AR SR R AR A
BT IR S U L R G A R e 2 S R RN, A
GRAE R RS, S R E S R
b A 2 3 U VR T I A L L DL B BMS \EMS
PCS % 2 40 4% 32 B R0 R {2 i s 5 S50 A0 45 B Ok

PERR AR o A B A 40 B TR B AR M
T RFAE SR ABE TR | S Ao 7 ke S A BT
FEL Vb 70 5 R AR, A R T O 2 25 o, T R 4 T v
T 1A RSO T AL, A Tl T Ak P P Y ) — BB 5
RN v BB 5 5 T 5 A0 R ASE AR B U T FELREL L FL e F
JEAF S0, 12 Wi b P ) R S A DGR

2) S B W b 2, PO = I BEL L AR
S WL PR RE Y DGR S8, D C i R IE 22
T O S B IR R R R TAES
B AAFIN AR AR Y 25 57, UMD S 1) L v
A Al - R SRR LA A AR T
IR TN IR IAR Y s BT s -2
HL Y 70 LU H R S, P M AR A T

3) K H 3 Y fr HECER A (state of  charge, SOC) Fl1
SOH Z 80 5 hrAR T s, W A th BB 75 1 & 58
JHRCEL A0 TET 52 IR L Sl ) 22 AR T AT TR
b R LR B R I M R X A 4 R
WSV RS2, B B Bt S 2R 5
PERETT, I Bl e o 4 26 i R, B ghAs o Rt
W25, B HATHL I SOH PEAL ik angk 1 o,

F1 EHANBMSOHTEMEFE

Table I Common evaluation methods of battery SOH

o WARESE (i B HWBE
FiEE BN SHBRRK, g
MR BLRIESE T R AR o
wE DI o e wrEe, D
i RN Goswmpen  mpmg IR
RAIEAEf ~ ARSI PRA
- W SRR R
VT oy WK LR, T
wwh B

i e BTOHLEE LUz Bk /TR
4Kzl Kt FLERAZ  RRAIREE R

4) IR AR LR BT A2 B . JE T Ak A pL
Y B IR Sh AR AR | AR F AR IR A F L PN
PR IEH B A ROT BN e a5 7 T
LAk 2 MLEE A B e XA T SE R AR 4o, LA
fal fb AT 15 R 5 B B sl A AR — o 4 2 B A
AU R B AR T A A BT A, A A 5 A X LA R
TEN s SERL AT — B R 00 LA Y | 1A
82 FERAR, T 45 64 BR VR R A T L o SRR
PRI R IR Bl 7 vk AT SC PR B 1 e T 2H A RS
W ARG s T vl 1R ) Pl ol SR D I e SR
Bifi BL AR AR IR 7212 W &/ 0 et I e, B v A T 1) P
HL i T i

rp g 3 b g BE 4if BE L %5 103 MW / 206 MW - h




@ D 8 A @ a3k
WHMSE AR, A TR THERETIDI MRS e JEuE T HER: .
REPLRGE, SCE WEIN E ISR RE AR S AL, i o b B — 3 B 2R 1 Bl 4 X G —— XU TR B A TR AE

HL It S A rh OGSV RE S B AL TR E AL S
FEETT, A FR A Tt SOH DA L HL i R ZS AL IE L Ha
T A A i N 45 R 55, AL B S BB S
FEL L e 2 i AU 0 i B 2 AR A B
3.1.2 #zlnls 3R EPER

T TR R T R AR RE AR ST L i T A
Jis., 25 v 21 268 25 Fit BHL R AER B 58 B LR, W S Al
Gadilit, MAMERERSEL LMl b
TREEXEPELES, nTTE BRI N R . H AT, B B f# e
R G2 53 i R 22 R R BRI, G A 1 X
Brik SE ik P+ UIBR L o A BCU 2
FGEIE S8 2 2 FiL BEL A 8B bR 2 A e BELER /N, ]
B850 e SR k= LN YN EioR oalll I ISDRE 21l L ERTUEZ NS
sy £ B 4 G, O B A2 D R e A Gtk
ABIESR o i, FE TSRO T 1 4 2 e BELAS: D00 A
Y G R E AL T IR o IS, R AL A RE
R A Y A ORI | BB AL 237 A B LN,
AN B I R B i i L SR T 14 s e 7 5 5 4
R o M) P R R B A R I B A I % )
SOH . FE RUIRZS (HRLEE , T MR 3 i 1 i 2 0 TRU31) R 3
BRI AFAE

ENBG UM ENRGRZIE, A AN
ES B E N e SR o I Ra S SRS AN % S
SRR T, P e I R ML s A I 2 i
B FL R R AN U P AR W DR e A i A
$ 248 A I AR T SE

FHERREST XA RE R SR L U & A i )
HLFHORSEEL T =l A 20 M I 5 O e, RIS v 1t
GEN TR B 2 2% | LS PCS 2 TA] A B 48 2%
PCS 5 THEA AL Z M IS 4 5 o B T 485 il
RO AP GAE LA, A s dg— R i b JE AT
Y2 W, 3B B S w8 Sh D), SEBURTHEE (A5
IREZS A
3.1.3  HAbR &6 K e 46

Wil e LR /G R AR R AR SOT
RV A LT R RAP B I Al SRR AT 2 3K
B PR B R A E LN A o LA B BE FRL I 114 T 0
B 22 MU VA R . ST T B8 205 T ot
P IR SN M5E 5, REVn! S DT IR it A e e . B TR
AR A0 i 0 i T W B e 5 TR A R 9 3R
BT REAT 3T, AT A v W B R B £ S 4R
IR
32 EFHEWHKRA

FL AL i R F o 2 B 22 AR5 B B SR T
& [ SR E ML A RS, R A, $R
BRI, SO 2 0. 95 A6 AT, 2 BRI o P 3 1

PE M A Y il PR R A R A S s R A
SR RRAE , 2 A R A S AR TR . AR TR
W 5L, S B IS B fe R, S KU, YA B g 4 o 14 4
RLERCEFMAFAENAL AR, B fifhe
i DA SRy Pl KU, 58 6 78 ol e e s 22— ad B, HoZe 4
RS 32, sl A A T H AL 2 it e Pl ) e A e R
RGN LRV T4 B K A A
SRl AR P AR — BT

AR R E | KU I8 HE A FH 22 4 A 33
B A MR R G AR I I Y R AR s AT ISR
SR S5 S DU R R T T, K W AL RE R
Uil 2% 2 DB 1 2 I S A B, DT B RO
Do T B A R Tl B AR A AR 38 70 A1, DC A il
FROEJE 455 22 4 [ g B2 4 M3 R G B
P PUE I A PR . HL Ml A I & R
IR R 14T C 2 B2 W, SRR AR T XU I8
PEVURE B A B I CR A Ry, T 1 DX )
W2 PR .

F2 REFRIFHRSHEHRRHX S
Table 2 Difference between risk source

identification and fault identification

e Ak

Wkt BORRIR  RESN WU ’ggfj

WAER O BerER B

AW TE WK SN, s O
RO B

B G MR SR

BORE AAXSIEE WA, R, AR SRR ORIR, e
PR LM ST

321 ZABAHKE

G H B E N2 T RE S BORE
BEE UNAS RAL RS AR AN AL AR T — R
NSRRI 2%, C R AR At RE T I A8 R 4k 4 |
UARIRMN E A A P AR S R AN AR AR
R B AR IS R R R S o — K
RS EIE R g R DU R AL A0 2 A T
Ly, R FEWCE I B HE AT 43 AT I A% 18 B W 4 e
Mo 4. EEMEEHNEENFNT.

1) HRA AL TR i« A A Y A TR S, 2
F b It Tl B A R B s & AL, BR3))
T IE B, FEAR K I RV KU o A [] 20 A 431
H b 7 A R G R P T R SR I AR AR 22 5
AR Jo R A AR R S IR I L EE b T ALk g R
RPEB B A RO )t B e A e R
C0,.CO.H,.CH,.C,H,.C,H, &S K i/ 5 i & 1
JEE, T S B EE gt SR ) SR TR R FH AR S B B
R I CO,.CO H i T — i, F ARG



5 8 A

W %5 AL R R S BT ®

R O SN WA W4 S 1P/ - Ea WK
AR RN AF 2 T AR AT RS A R I 5 0 M 5 R Ik
PRI T RNz . g B ik & 1 co 1%
JEAS TGS5141 2 H it 3K 3y 1 FE Ak 2% X A% ekt | LA
FH— N FRIR 0 AR BRCRR f ZK 38 FH F =r 4R L 1
PR R CO B R AR R, BB CO MR L PERm h ,
By T TR A Y R AERE FR B, D R O
TTEREE W, Ak 10 alh b

2) VR Wk . WS RGN A IR B R
AL F B A A2 SO T B S S A8 b .
AR I B WD 27 B IR AR R SE BB B
M Z2 A BT A AR I 2 IR R W i
25 1 Dy 52 S A A B Sl VRIS R A1 L S A AL
(B, ATHE A PSR B (A A . W FH A R A o B
FRGHR TR T AR A AR I Y 22 R
P L C8O TR Y &5

3) 7 o W e s AR o AR R A AR S 1
JineE b NS A R, 2 e R BT I A R, 2
SPEFTFEIE = A MR B P (5 5 o P A SR
HES R A5 5 , nl S PR A e s () R . A
B REAR A 75 L0308 4 5 75 AR IR, W75 PR A 45
TP AR 5 AT R 57, 8 2 /N AR B 1R
AT TS (B A B L BB

4) LR EL AR W F R S AR Ak, T it 1R
FE I 0 TCH H s B s 1 e A o f R LR AR
B Al BB T SO A Fe A, S e Sk [ 26 ] $E H T3
T HIBE R YR AR IR 2 8 )AL B T v A% S e s
I 5 B 8 O i, IR F R LB IR a8 AT o

5)ZL ARG W 2% B . Sh R H Ak A e R
Uil AR BE SRS RS, 5 B, S I H RS
DN MG PF P 5k o 20N IR AR A i 4%
SHE B AL L ANEG TP B B, nT A5 3045 1%
R, o SRS LLAMNRUR A 2N R B
R MRS B 2L A EMG TR G B AR T LR
VLA Y A2 R HL e TR | 0 4 28 A B R
322 HABERAGAREHK

T4 H B ] X A — 1 A AT R R AR [
A HRBRAE o Tt DA AR R R A A 2 P T 3 R
P o) LB U o 6 s L s =8 R B O L R
FEAR 5 A8 A0 1A B G, PR e 0 58 e A R ) R
214 W 2] A 5 B SRk B A Rl L R AR AT
B BRI P VR , 2 0 WS ) B ] YRR R B ) B
FFAE H s [R] TR &2 9T | 5 | R AR . BLR, TR B BhE
e W A T I Y 5 b

1) ¥ 3 BMS: 3= 3 BMS A 52 3W Ha, Wb 20 44 45 4
B ] RS LAY AR B, ANFR T LA
FM 2 17 F R LU I B A AR, S HF SOC .SOH
TPA 1 510 2 A RIS L it 5 2 1 2 45000 PR 174 a7 5. )

D7, ShAS VR AL 2 4 BE, SR b i it S S 50000 B
I RE T s ANBRF DA IR AR 3 5 7 4 |l MRS A
J7 A AE BMS BB , A Jm) BRF KA BMS (1940 L F5
ANKT VR RV LU AR B LA M A R BMS 5 R
Z 4t \PCS 1 {5 IR K1 i BMS & 48 19 2 30U A
FSE o] 15 Bl 7 s B 0a 480 BMS 5 B, K s & 80
BMS H B B I AN . 5 Sl FRASLER AT
P Tt 76 A 38 I R S BB N B AT, R IR Y 50y
A Pl B KU

RPN Al A HLER 27 ) b Bk SR A
2020 S HF & T HL A BE A PR 5 Autobidder,
B R ARG GAE LRSS, AT SR ) 2
SRR | P LB A2 Ak 2 o RSN A SR T B

2) E3 EMS: — J5 1 , EMS i 1o £ 4 % 4 | /9 4%
We R RPN AH RE RGN FRRE S I DI RE B R
b BRI 1 0 R N I A, 1AL AR BMS
P4 SR | F i PN B 5 ity L RS R L L PCS
BATIROL 1T 280, HAE BTG O T X BMS ik
1EHLHE A, 20k st 40 T, X PCS T ik (s HILER
A A5 B B B LN 5 55— T, B E EMS AT
FE P LA 0 )25 R BE P T AR K S K SRR, S
5 BMS \ PCS [8] {55 B 1Y K i L S0 5 PCS Fid it
Z[E) SEI MR AR ff U 5 PCS i 1B 5 HL it
T N HA A B R G 2 A e g [

3) B AR AR RIS R G R R P AR A
VEATE R M R G0 H URD (=) f7 ey, SE B ERL A XL
e, QoL DC-DC AR $e 2% | ffL i 780 ik b 5 138 78 1l
BRARE . ERGZE, DR ES fRaafid
JE HL P A B DR APT HL I SO C ARG AR B AAAR |
WEns e  ANALALE R GBIt RS . X RSB
fERENE G482 T PCS i T AR, Wil PCS 11
BT T, 2R TR G BMS (R4 (5 Sk s 45 14 R
il AR SIAEAEHIL, AL S5 0 D fiE , 140 B Fifi e i)
N H Bl 25 | SR R e ds A i
Wi 137, T X PCS [ B 1 B 78 55 e (4 8 [ e e A
Ta L T SR AR KRR SRR
DA 4

4) B REIRATHLAR N < L REAT LLHMIR AN 551 45k
183 BRI AR AR A%, Re i B AR T T A RS
1555, 43k B 43 DX dul s Xof 4 13 4 A7 200G, , R st
RIS H BRBE BRI B R S b A
T FEL Al 27 i BE FR 5 00, A8 38 R A A 4 N B B T AR
JRUBS: #1255 sl B, HA SR — M B s
R AEZR DTS KAS TR 5 | PR DU e K B o 4R
e BT BRI bR B S TR

FE] 9 10 2R 2 F 0 ) BT N A B TR 28 AR
X R IIHEATHLER NIRAS R G0, L L0 AMER RSN
VAR - M1 &y e AN (L8 0%yl = ) Fa o9 A =TS G VA= L



84) ® 0 & % L %

%43 %

EAFINRE AR TE T A A A S A W £ v
B TE R S B SR

5) 807 2R B AL A G E Rl - AL BE R
HA Z 18] R Sh A Re M G s ARt AN e 1
SRR IRARAE , 2 T X R R B AT RS RIIRZE
UK B M4 B ) 2R T i Aot S B 2 Y
MELG RGUREIEI AT A RS ST 42 ) o SRR
AFIRE . M ELSC R R G B Rk RE
TR S (0] B B AR, S Rl 5 i
2, IR OB S AT PR RC , S R 9K Sl
TP B BB RY DA R 2 22 B R g vl il S AR~
WSS SR GBI, SCHR[29 [H#54 T = BMS,
B TR AR A BOR B I Lt SOH, SR8 5 3 Bl 25 A5 1
PEFTRE A HE IR, 7% 1 A e i JR 01 2 08 A Xk ri bR
ASHEAT VAL, 52 B LS B A ) 5 R SR 5 T Y
SEIF ST M RS R GERRCT AR AL . LA
IS N1 R A S N AT g Sy (3 S iR U
FAERE A R T I s el g
TRCF AR ORI U R R NP 4 7R

S A

2R UL e [BCFTRA
Bl BORE B || "z s

Bt e

TilEatT | B REER
HEALL
ot il |
i > H e
Eﬁi 17 S R IR
B HRR S

B4 ETFHFFERRNEEREERR
Fig.4 Fault early warning system based on
digital twin technology

6) “E SR 42 R 5 « SE U B A8 L H v
B AR 55 15 K SRR L K TR il Bz 2 N 5%
Lot e B R PR TE A, 5 KRR R G Bl b
LR LGP N

I N LR b NI S5 €100, € s AN LS
) ZR GE AR RESR T AL A RE FRL 2 Y 2 3 22 4
PERETT, W P B i A SR I e 5N TR R 1Y
CERER BT, B A R SRR A B S
5 IR SOH AL 5 B HAERG &
S AR, n] N R ALE BT, e
T R R Eshis e

SRS, RGN E B AT LT U7 1
T QB AN ] B4 g 0 7 = s el R
TR BT ARG AU T A B, 1 O s 0 40 £ o
B s @i ik A T ARSI SN R X R Y
e XU B, 6 AN R £ B RIS B 5 1 S B R A T
IS I, 4 SRS 2 G 55 T 1 R 2% e & LB R Y

HESR, $E T 28 50 00 A5 45 VRS 58 R 3585 i b 2 4 W
RS BEsh I, i 4 B S o 2 B0k v K H s
OB PRI 1 R G A S BN G B ; @S2 HER
WS R 5 [ B XS 5 R
3.3 EFEHLEFAR

55— 1 B G ANET X 45 P ™ R O — R O
TR A Xl s T RE 5 | RS A = SO AS TS 50k
TR R IBCHS Wl e, DA o Kk 0 (B I R K A B A
B b A RS
33.1 FUIAE LKA

H T, F5 0y k43 ok 3 T 2 00 1 T Ty vk
53T RV D7 vk . wiE R ZE IR G i A
MIEHE BEIE 55, 455 R EWPEAN , #5735 SO Ak 4
R J5 B R AL 7 S Bk SHEE MR TR,
YIZRIE R a1 T 5 , W SEPris 1 T8 i 5% 22 |, i i
AR BB 5B, SIS SR A P . PR S R T
TR P AT T O] DL R G T
A A

T ST 5 K S 4R ) 0 BCE Ak 2ROR N FH
1], 32 FH 4 156 O AW 00 2 R 1 A7 S s W A B = A7
it R0 S AR A , 45 A B IR 3l vk 4t
S AL RORE . A R EE 2 RS
A2 A5 BT E HERPR 2 AN B ZE S
PR 3 | SN H A7 i R H 3 S 51 BT 0 31
BB Bh IR L S Y AL H , R TR B 4
Tt S BT e 55 SR m] A R 7R ) FE K Bl T Bl Kk
i R G TS b e

R TR R G R T HRKCK o T S B
5 o6l SR WS e A MR O BB 40 PV T 3 Ao P F £k
22t B8 HL U B 38 AT RS T E XS N7 8 XU M 24 5
PR, 3 S0P (10 3 v A T R ) R v B R s A
AR B B BRI S 880, X R i A% Sk SRR L)
o) (L 14 38 S oK B v o AU BRI B el il 2 4
LRI FE bR R RS T | B T PR
T BT PE T 4% T | G I A
2 A .

R H itk ) KA () T H A e AR ok il
FH CO, . -E N bt 490 O Bl | 40 7K 5545 KGR R R
KR WAL A 1 T 2R K HR KR 75 M B HES
ik, DA IRy K LS 2 Ol 45 T A
BACEIS A B FEL LA K ER i = A B T R A
PRARFIR SRR ENRR , R K 2% B i
2 1 FEL I ST MR AR VAR (2 AT 5 Al K 55 S5
TR BRSPS HNA KK IR . B Ak 2=fifBE
HL 3 5 BT T2 R RE A 1 Bl KR AU P 3t 2H K [)
BF R A% PR it ¥4 A0 F 3t 21 5 X R St 4 53R e /N ) —
R KRG, HALZA TS Bl Y KRR R G —
FFE RGN K S5 K KRB R S BMS Bk shi#a il R 4¢



5 8 A

W %5 AL R R S BT ®

AR PCS Wr i A% RNk i A8 GBS MR RS
THB 2 7RG BN 2 B S R R
gj‘i%mo

LA R B ) I E S E R G R £
FEAL 73 2 W 00 eyt A e | P b A | Rt A e R R
T LA PUEF R SEARIZ AR BO I & 1
G AR NI R GOR AT 2 ol k)
25 R , S B P B B B i A o X BT S R
ol A I S5 3 7R O KGR Ik, B B 5 2 B
Wi Lt L U . B SR b 5 Al UK S5 AR 2 A i K
T A ] F AR Y A TR BT B S A 2 () A7
B EE B E KK S, Y kA AR R AR
KR IR AR Bl 7K e W I SR A LA IR PR
A TR K5 S5 T B A it bt O & A KA 2
W, 2 R s AR S A T
3.3.2  EHAFAELSHT

PINGERTiR: 8o N S SN R e o e A B
Ira A GESENEI, & FEE SRR R R,
BEOUE DT 2 Z2 AR AL W RS rh A M s SORRAE . T )
b HO B R A B RE T 5 B KRB E = -5 %
FEL b 27 i R FEL 3l 4% 2 R 5 A T 4 5 o o B 8
248 SRR RRE , FER S HORAS e S 2 i
FIEE 43 1) S 20 R b PR | P RS A F L B SR A 1Y
JAUBSE SR BCRRIE A DGR o X R G AR R
A BN AR S FE R A AN [R] , 4300 il e AN [R] 1 FE R
RPE LIS RGN ITIR ARG, U IEZ Rl
LRI P

ALK RLF BEDL AL R ki i 25 T 24 5 B A BK
o) 0 T HL A A e F sl 1 S SO E B S
ST SCER (37 IR S TR IR B 5 A5 L
v S L AN bk A R TR S GRS e
0 Ja M (R ES R A A Rk SRR A T
22> o SCHK[ 38 1R FH el i B 43 28 AR XTI 245 1)
B om ik ST S O R BE A A RRAE Y
BRUF T o SCHR39 V5T XL SRS I 2% K 0 W 22
40, K ook REUL AL B0 I SR 00 R i AT
Ptk IEBR T AR
4 #ig

ARSCHE T A B8 = (B2 fi P2 M
P A AR RE Lo 2 2 22 A R AR 20 s i T Al
REFE U —IH 2Pk, W a1 R AL A iR RE L w9
4 PR BT 1 22 S XU IROBE IR | 3 sl B s
Rt B =07 T B R ROR , SE L T RGN
T R R ORI E S 1 S B, TR AiE R .

1) 3 2o 7 A DR U e e | 3 ) 8 )2 AR AL
H, AT LA A RE L Y = A2 R
P2 At RE PR B I 4 IR AN A R IE R AN

2 JEEFENX 4IRS

PR NGRS EERTE SR E £5:% NN
BB AR AR, B PR ARRE 2
XU, 5 T SR RORE AL s K sh A 25, i D
P A RE R Ul IR A AT 5 5 B B AR R Rl e, 4
LA [ S E G U R, iR AL A BE
uli B HERR R, RS ORTE RGURRE B 1T 5 5 —H D)
2R DL E TS AN S P B By 1k B SR i e
HLE RS N R AT

3 ) D M 0 RS £ v L — ORI IO, MU
i R AN AN N T € AV (1 T
A M 0 R ) R 5 ) IR S B [ I PR R X 22
S IR ST B B KU 5 R i A e e
il B FRL 3l R AT 32 8l XU, T 5 5 e | T sl
I TESRIE NSk 0 § U1 RS IR LS LIPS 8

S

[1] FENG X N,PAN Y,HE X M,et al. Detecting the internal
short circuit in large-format lithium-ion battery using model-
based fault-diagnosis algorithm[J]. Journal of Energy Storage,
2018,18:26-39.

(2] #3CH WM, shIUAS 55 B B ri T o R Hh 0l 2 Al
f 0 B L) ], BHAERH 50K, 2020,9(5) : 1539-1547.
CAO Wenjiong, LEI Bo, SHI Youjie, et al. Ponderation over
the recent safety accidents of lithium-ion battery energy sto-
rage stations in South Korea[J]. Energy Storage Science and
Technology,2020,9(5) : 1539-1547.

[ 3 ] Underwriters Laboratories. Test method for evaluating thermal

runaway fire propagation in battery energy storage systems:

UL 9540A Ed.2-2018[S]. [S.L]:Underwriters Laboratories,2018.

ZEEAR, IR SC, T, 55 3 LA A RE FL U B A S

LPIRREEARLN]. ITRS A Bk, 2021,45(23) : 179-191.

LI Jianlin, WU Yiwen, WANG Nan,et al. Review of informa-

tion architecture and security system of gigawatt electrochemi-

[ 4

[a—

cal energy storage power station[J]. Automation of Electric
Power Systems,2021,45(23):179-191.

[5] WANG Q S,MAO B B,STOLIAROV S I,et al. A review of
lithium ion battery failure mechanisms and fire prevention
strategies [ J]. Progress in Energy and Combustion Science,
2019,73:95-131.

[ 6] EAF, SCabe, SRAUH, 45 1 I BB AT L 10 % 42 KUK

PR R 0 () KRR AR R R PRAG 5k S R ISR G [T ],

J1%58 [ 8k, 2013,37(10):92-97.

CUI Jianlei, WEN Yunfeng, GUO Chuangxin, et al. Design of

a security risk management system for power system dispa-

tching and operation:part two risk index,assessment methodolo-

gies and application strategies[J]. Automation of Electric Po-
wer Systems,2013,37(10):92-97.

RIBEDS, EREH, WANG Hsin, . H1ES 73 Jy i sk 45 5

TARAFIIITELRIR T ], HU R4, 2020,56(14) :91-118.

ZHU Xiaoging, WANG Zhenpo, WANG Hsin, et al. Review of

thermal runaway and safety management for lithium-ion trac-

—
~
[i—

tion batteries in electric vehicles [J]. Journal of Mechanical
Enginecring,2020,56(l4):91-118.

[ 8 ] YUAN Shuai, CHANG Chongye, YAN Shuaishuai, et al. A
review of fire-extinguishing agent on suppressing lithium-ion

batteries fire[J]. Journal of Energy Chemistry,2021,62:262-280.



@

€ 2 b #

i & &

%43 %

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

LEE H, BERE G, KIM K, et al. Deep learning-based false
sensor data detection for battery energy storage systems[C]//
2020 IEEE CyberPELS. Miami, FL,USA:IEEE,2021:1-6.
bR T R B, AF L I S AR T B A A
FRifExt e [)]. BT J,2020,37(3) :277-284.

LI Jianlin, TAN Yuliang, ZHOU Xichao, et al. Comparative
analysis on fire safety standards for electromechanical energy
storage sectors home and abroad [J]. Modern Electric Power,
2020,37(3):277-284.

AR, FETK A L AL SRR SRR O S 4 B
PBEFELT]. T HARAEH,2022,37(1):36-47,57.

NIU Zhiyuan, JIANG Xin, XIE Bin,et al. Study on simulation
and safety protection of electric vehicle overcharge and explo-
sion accident[J]. Transactions of China Electrotechnical So-
ciety,2022,37(1) :36-47,57.

SIDHU A,IZADIAN A,ANWAR S. Adaptive nonlinear model-
based fault diagnosis of Li-ion batteries[J]. IEEE Transac-
tions on Industrial Electronics,2015,62(2):1002-1011.
ABADA S, MARLAIR G,LECOCQ A,et al. Safety focused
modeling of lithium-ion batteries: a review [ J]. Journal of Po-
wer Sources,2016,306:178-192.

CHAOUI H, IBE-EKEOCHA C C. State of charge and state
of health estimation for lithium batteries using recurrent
neural networks[J]. IEEE Transactions on Vehicular Techno-
logy,2017,66(10) :8773-8783.

B, Bl A0, 55 B T RENL R BB A R e bR A A
JRELT]. W1 A kA, 2021,41(10) :205-212.

ZHONG Jingyu, LIAO Kai, LI Bo,et al. State estimation me-
thod of lithium battery based on random fragment datal]].
Electric Power Automation Equipment,2021,41(10):205-212.
PRI, 30, R . BET CNN-Bi-LSTM [0 2% 1 44 26 - it it
RURM AN [T]. B0 A S EBi%,2021,41(10):213-219.
LIANG Haifeng, YUAN Peng, GAO Yajing. Remaining useful
life prediction of lithium-ion battery based on CNN-Bi-LSTM
network [J]. Electric Power Automation Equipment, 2021, 41
(10):213-219.

B EIGEAN R A B S Sl Y B S e b BRS¢
FrPEo SRR L] . MU T R4, 2021, 57(14) - 141-
149, 159.

JIA Jun,HU Xiaosong, DENG Zhongwei,et al. Data-driven com-
prehensive evaluation of lithium-ion battery state of health
and abnormal battery screcning[.]]. Journal of Mechanical En-
gineering,2021,57(14):141-149,159.

AR JELRRRE, MUR R, AR . BT 2 R N RS A
WA, BITRZEA MK, 2019,43(15) :139-145.
WEI Zhinong, YUAN Kangkang, CHENG Lexiang, et al. Para-
meter identification of lithium-ion battery based on multi-inno-
vation least squares algorithm[]J]. Automation of Electric Power
Systems,2019,43(15) : 139-145.

JIANG Lulu,DENG Zhongwei, TANG Xiaolin,et al. Data-driven
fault diagnosis and thermal runaway warning for battery packs
using real-world vehicle datal]]. Energy,2021,234:121266.
YANG R X, XIONG R,HE H W,et al. A fractional-order
model-based battery external short circuit fault diagnosis
approach for all-climate electric vehicles application[J]. Jour-
nal of Cleaner Production,2018,187:950-959.

SONG C X,SHAO Y L,SONG S X,et al. Insulation resis-
tance monitoring algorithm for battery pack in electric vehicle
based on extended Kalman filtering[J]. Energies,2017,10(5):
714-727.

ZREPIE , AR KRR A BT R4 VMD 14 w5 He 0 8 2 L
BRARASAEIT]. w7 A ki s, 2018,38(11):148-154.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

LI Shushi, WANG Fenghua, GENG Junqiu, et al. Mechanical
state detection of high voltage circuit breaker based on opti-
mized VMD algorithm [J]. Electric Power Automation Equip-
ment,2018,38(11):148-154.

LIAO Z H,ZHANG S, LI K,et al. Hazard analysis of ther-
mally abused lithium-ion batteries at different state of charges
[J]. Journal of Energy Storage,2020,27:101065.

PENG J,JIA S H,YU H Q,et al. Design and experiment of
FBG sensors for temperature monitoring on external electrode
of lithium-ion batteries[J]. IEEE Sensors Journal,2021,21(4):
4628-4634.

LU Nawei, YANG Jin, SHAN Miao, et al. Fault warning and
location in battery energy storage systems via venting acoustic
signal[J / OL]. IEEE Journal of Emerging and Selected Topics
in Power Electronics. [2022-04-10]. https://ieeexplore.ieee.org/
document / 9500197. DOI:10.1109 / JES-TPE.2021.3101151.
LIU Z T,HE H W. Sensor fault detection and isolation for
a lithium-ion battery pack in electric vehicles using adaptive
extended Kalman filter [J]. Applied Energy, 2017, 185:2033-
2044.

WEI  Zhongbao, ZHAO Jiyun, JI Dongxu, et al.
timescale estimator for battery state of charge and capacity

identified model[J].

A multi-

dual estimation based on an online
Applied Energy,2017,204:1264-1274.
ER I, T AR BT LR REIR R AT AR
ST ] A E LT R, 2021,41(5) £ 1597-1608.
WANG Chengshan, DONG Bo, YU Hao, et al. Digital twin
technology and its application in the integrated energy sys-
tem of smart city[J]. Proceedings of the CSEE,2021,41(5):
1597-1608.

LI W H,RENTEMEISTER M,BADEDA J,et al. Digital twin
for battery systems: cloud battery management system with
online state-of-charge and state-of-health estimation[ J]. Jour-
nal of Energy Storage,2020,30:101557.

et RIRSC, EAHL 55 W LU AR RE L vk WP SRk e
JEELT]. I RS A Bk, 2021,45(19):2-14.

LI Jianlin, WU Yiwen, WANG Nan, et al. Review and pros-
pect of gigawatt-level electrochemical energy storage power
station[J]. Automation of Electric Power Systems,2021,45(19):
2-14.

RRAL SR, Bt L, ZF ORI . R BE R ) B A SRR Mz AR
(3. &8 31k, 2020,44(20) - 1-10.

ZHAO Shice, ZHAO Hongshan, SHOU Peiyao. Discussion on
key technology and operation & maintenance of intelligent
power equipment []J]. Automation of Electric Power Systems,
2020,44(20) : 1-10.

T, FOB, B, A AT 1) FhL O 98 A B Ak B 8 R P AT
R CHEBARBIRLT]. AL T R4, 2020, 40(18)
5837-5849.

QIAO Ji, WANG Xinying, MIN Rui,et al. Framework and key
technologies of knowledge-graph-based fault handling system
in power grid[J]. Proceedings of the CSEE, 2020, 40 (18) :
5837-5849.

TRETFHE, WA, SR AR, A4 . JET IR EE A ) A% 2R B
RUBERLT]. P RAL TR, 2019,39(1) :65-74,321.

XU Shuwei, QIU Caiming, ZHANG Dongxia, et al. A deep
learning approach for fault type identification of transmission
line[J]. Proceedings of the CSEE,2019,39(1):65-74,321.
LIU Yujun, DUAN Qiangling, XU Jiajia, et al. Experimental
study on a novel safety strategy of lithium-ion battery inte-
grating fire suppression and rapid cooling[J]. Journal of

Energy Storage,2020,28:101185.



%3 W %5 AL R R S BT @

[35] B3~ 25lt, 250 . T HIRIZHE Al CAPSO-SNN Y HL f11E auxiliary classifier generative adversarial network [J]. Automa-
AP RS AR ] By A Bl ik 4%, 2020,40(1) : 148-155. tion of Electric Power Systems,2021,45(7):148-154.
CHEN Biyun, LI Hongbin, LI Bin. Power operation risk situa- [39] MUDULI L,MISHRA D P,JANA P K. Optimized fuzzy logic-
tion awareness based on data mining and CAPSO-SNN[]]. based fire monitoring in underground coal mines:binary particle
Electric Power Automation Equipment,2020,40(1):148-155. swarm oplimization approach[J]. IEEE Systems Journal, 2020,
[36] ZHANG J L,JIA Y,ZHU D,et al. Study on the situational 14(2):3039-3046.
awareness system of mine fire rescue using faster ross
e N
girshick-convolutional neural network [ J]. IEEE Intelligent Sys- EE BT
tems,2020,35(1):54-61. ¥ 5(1990—) ., % TALIF AL+ B

[37] IR WIS, RALA A HLav I TR REBCHT v sk g
SO AU SE ARSI RARIR L) ). By R G A Bk, 2021,45(16) :
99-113.

LI Yiyan, HU Rongxing, SONG Lidong, et al. Application of

Jo o e AR R A AT A
B B A% A6 5t M & R (E-mail: yh19901018@
126.com) ;

F R (1981 —) , 4, 8l %45 , W4,
T H L, ERR T AE N RGN
WA FE N LR R K 4 (E-mail :

machine learning in field of smart power distribution and uti-
lization:overview of engineering practice in North Americal]].
Automation of Electric Power Systems,2021,45(16):99-113.

[38] FEHHED  SRE T, 5 . 35 FCIEARE 5 Kotk B 2 o4 huanesisoging@hnuedien);
ALl e B0 06 D). ) 3R 56 1 304K L 2021, 45 (7) o THA(1999—), J MEAA L, £
148-154. ZHR T @ AR R EAR w4 %0 (E-mail
LU Jinling, ZHANG Xiangguo,ZHANG Wei, et al. Fault diag- 1582923464@qq.com)
nosis of main bearing of wind turbine based on improved (gﬁiﬁ Fﬂ%ﬂ')

Research on active safety of electrochemical energy storage station
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(1. Economic & Technology Research Institute of State Grid Shandong Electric Power Company,Jinan 250021, China;
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Abstract: With the increasing installed capacity of electrochemical energy storage station,its safety prevention
and control problem has been paid more attention. Therefore, three safety defensive lines based on active
risk source identification, active fault prevention and active accident handling are proposed, and the active
safety system of electrochemical energy storage station is constructed. The first safety defensive line aims
at the normal but unsafe operation state of the electrochemical energy storage, which quickly and reliably
identifies the risk sources and safety incentives without loss of station equipment and operation capacity.
The second safety defensive line aims at the unsafe operation stage where faults have occurred,which iden-
tifies and timely eliminates early faults by using the safety automatic devices and safety monitoring systems
to maintain the normal operation of the system. The third safety defensive line aims at the accident state
of the electrochemical energy storage station,which carries out accident characteristic analysis and risk con-
trol and implements joint contingency plans to prevent the collapse of the electrochemical energy storage
station and human casualties. The three safety defensive lines can realize the active prevention and control
of safety risks and accidents of electrochemical energy storage station, providing a new idea for the safety
design of energy storage stations.

Key words: electrochemical energy storage;energy storage stationjactive safety;safety defensive line;condition

monitoring; fault early warning;accident prevention and control



