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Abstract: The fixed threshold equalization strategy and the traditional fuzzy equalization strategy
usually result in overvoltage or undervoltage protection to malfunction at the end of the battery
pack charge and discharge, and it is difficult to be fully balanced, because a large difference
between the batteries makes the balance insufficient. A variable universe double fuzzy controller
(VDF ) equalization strategy is thus proposed. The lithium battery simulation model is
established according to the experimental data of charged and discharged NCR18650B ternary
lithium battery. The state of charge (SOC) of the single lithium battery is used as the input of
the first-level fuzzy controller, and its output multiplied by the lithium battery working current
value is used to adjust the output domain of the second-level fuzzy controller; the difference

between the SOC of a single lithium battery and the average SOC of the battery pack and its rate
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of change are used as the input of the second-level fuzzy controller, and its output is used as the

equalizing current; the extreme difference of SOC between the single cells in the battery pack

represents the inconsistency, and the equilibrium time is determined by the first convergence of

the extreme difference to 0.05. The simulation results from Simulink show that the VDF

equalization strategy effectively reduces the voltage protection malfunction. With constant charge

and discharge current and in custom dynamic stress test (DST), VDF equalization strategy is

compared with the traditional fuzzy equalization strategy, and the results show that the

equalization rate increases by above 30%, and as a large difference exists between the batteries,

the consistency increases by above 20% after the end of the equalization.

Keywords: variable universe double fuzzy controller; lithium battery; state of charge;

malfunction; the extreme difference

B LA e R R R A A AR A R
N TCIC AL BN 55185 22 0 i TE LB 4 i B R 40
AR E T R i A TR R R T
VEIR S8 1) 25 57 Rt 21 o (%) SRR Rt 22 [B) A7 7S —
M, Pl 22 R S B A A 0H YR BRI 1 i A W AR
o, DT ™ S MR H L R SR & A RN il
AT XA A R R LA S AR H it 1 O H AL R
b 56 AR P, b 2H P R R vl B AN — B

H T ] P9 A0 2 5 32 8 DA 32 i 5 W RN 25 4 4 b
W7 T % H v 2 2 A A B BE AT AF ST . Qi E N Ab
24 DLHL R AR A H v 20 2 45 48 %), Einhorn 25 1k
B0 HR, b ap H R 25 (SOC) Sy ¥ 485 A48 1077, 3 3 i) 2 Y
AN — SR B o R DA 34 40 SR I B A AR B A AL
PE . EIE R Y 2 RV (CT) AE HL L [R] 22 5 K
TS B 0 B 5 I Ih ¥ 40, FROAR TR B E A A g
R A Lt 22 S5 /N R 8 4T M A ) B AR H 25 R A
AN e B B 34467 7 F it 22 5 3/ B 45 5 1 Rt
JE M XA ), XAE T A5 SR ASOR 5 il 1
A7 SR W o 30 Aok SR 4 o) o A R X ) A X B2 AT
ORI 42 Tl LA S B0 R G 2 AL H L R Y A
Pl #% CTE) o, B At e 38 8 Rl 43 3 Oy 18]
{EL» 050 H 0 B R 25 S B AN BB 4R L A2 A 1 1
7 7 BE S SRR R I B K 25 S B s TR AR R i 1
M L T B PR B R S E . Bk, CT 34 i 5 g
FTE 4947 5 W 1 BE 6 £ PR 3 e 0 F, o ] i) A~ X
(i) Y3687 AN B T A 70 550 R R A0 e e ) 5 A Y 25

BT DL 1) R, AR SR AR 1 3 BUASE A s i 2
(VDF) ¥ i SR W o 7 A 25048 i H 8 803 73 19 i 4
T B AP KT a R0 R AR E R K
Yof ey I, B [ 35 3 R T, 75 FE R R W A 3
N T DL 38 A6 R O okt e AR B R B AR L AR
F, 7t 2 70 50 R AN — BOME AT B A Ak . DT

http: // zkxb. xjtu. edu. cn

Y L N R L E i
1 4 H i Simulink {Jj B4 &7

FL B0 VR 4 B0 0 F L B A A R Y B bR R BT A
R, b [7 s 7 L ] 3 5 L R 4R 4 ) 7 i v 135
) o DT 41 2 R b 14 BE R FH SR e . BRI
TP L A B A X G ) R I BE IA B AR B R Ab
T A 47 ek Sl ) DA77 PN R T 7 S () 4 2 S L D
{57 5B IR B 4 o N AN — Stk t AR XE T B BT LAAR
SCHEREER HL Y Y SOC by YA X 42 . VA th 22 55 1
7S 5 5947 S P b 2 A R SRR K fk . AR SO
NCR18650B # = J5 41 W jth 7F 25 “C {5 i 5% 744 T LU
0. 5C(C Sy Ha, b 75 A L A5 26 8 3 FE J5C H 3R A5 119 5
B R0 AE S B 38 0 2 B0 TR B H T O AR A
SR, DAL S 22 s FR 3 vk A0 A B B F i SOC i
FEAE Rt i 22, Bt LUAR SCR YT R R IR 208 % a4
(EKF) i & 4 o1 (1 SOC JHAF S B 2270117,
D I SR TEORS B b A DL B H Yl 1 T AR AR
1.1 EBthENYEERET

S B AR TR A A S L BB B RC H AR
TR Sy L bt P 58 25k g RS AR ST AR AR 2 g A
LR, B, R, o8 sith i R N FH . R, VR 4
) % 7 A R S R B 2 A Ak FL BEL R H Ak 2 A Ak F B
C, Cy 3 7 41 v Y ok B 2 A A vl 725 vl Ak 2 1
PRrE 25 S T 375 Wb 1) T F O LA 78 F O 1) R ED
U U G390 327 B b 7 o 2 B R g H o DRI 8

PE1 T E b AEA H




160 [ . ]

Ko

R

1 LHEIE o

HLjth U Al B LA FRE ) — — X KR EAHE
A5 A0 FL S AT ] A
U=U, +IR,+IR (1—e "M )+ IR (1—e "RC)
(D
U = f(Buc) (2)
Ve R 3.132 A - h [ 4 fR b B S B0
PSR 5 06 Ha b 767 FELBR 2SR A 48 el b 2 £ ) gk =X
TR S AE B SORAE T R BB B U A
Buoc s Lot Z WIS B H W REE R, R,
FE BB BOR FOBUE B08L A 5K 74 R, R, (R .C..Ci,
M AT DAGE o R4 U AT P45 4 EKE 83035 % A
2 AT EZR SOC fl 3.
1.2 #BMFEFEEEL
#£ Matlab/Simulink FR5E T #2221 6 3t (1) 0 5
RETRY 25 R P A 7R 1 T AL I i PR A —
(R I 75 L I SFG A5 451 512 o ) Fl sl T A R R R 9 1Y)
I ok B O FL AL 45 EKF #E47 SOC A58, A~
B ) EBLF B AR 2 s

F AABESHEERERAER
| Biool+ Byoole—1 5%
| _ _ | Y
| + o
. FuH—% z ! -
- +{ - ! | [ @ e
| = L B sl
: + - +i !
R e C_______J Cy__ _|_ iR IS oCH ! ke it I B o

MRS A FEKFH 8 #BSOCH 5 X S E B

K2 e Era

PLL.5 A A 9 70 R B e X Bh A R
F1 3K (DST) T 08 15 B, i b (i %5 4 3. 089
A« o fE R H A R B W AR (R 0.8 i1 0.6,
FE 3 70 R PR Tt B D AR BB R 0. 6 A1 0. 4,DST T
BUERHL M B W HAME R 0.8 H1 0.4, 6 FhFe Tl 4%
F T EKF 80 Bo P ¥R 22 Al KR 22k 1
iR . B B WTHEARTE A 0. 8 MUfE A 41 T
LML B MY L 5 EKF AFSE X L an &l 3 fiw .

AR 3 R 1 A] T, AR S ST I E b 4 P
B AR ZELE 0. TY AN e KiR2E1E 1% L
Do AR Sk [ 14 1T g, Ak 5 e KR 2578 20 A2
BT A TOREAE BE . DRI, AR SO ST G A R Sl B
- 45 AT AR 4 iR DA e b B S B T R AR

http: // zkxb. xjtu. edu. cn

&1 EKFEH6 B FHiEEfRRREE

TAESAM BIE Beoe Buoc PR Poc e KR 2
o 0.8 0.002 9 0.004 8
H 7 HCHE
0.6 0.006 5 0.009 9
. 0.6 0.002 4 0.009 3
H 7 FE L
0.4 0.001 1 0.002 5
0.8 0.001 9 0.004 2
DST T.%
0.4 0.001 6 0.004 8
0.8
0.7 — By
0.6 ---- EKFfl i1
0.5
o 04
0.3
0.2
0.1 50 100 150
0 0 1 1 1 1 ]

o 1000 2000 3(}00 4000 5000 6000
s

Pl 3 B IE £ 50

2 ALY BRSO 45 i % BT
2.1 THRIEHEH BRI

PRI B o Sl B LI P
BHLAN SRR f 3t 5 AR R 4.

: R 1

: : 0 i

: PR s
olpmul—] mmn Hiﬁﬁiﬂ%li—»iﬁ

__________________________________

Pl 4 RO 22 ol A D B

FIAMZE H T a, AR R 5 W ETE T,
WL S N E T a, S ) e AR AR s 2 0
VeI, S0 B R AE T Y . >R ] Mamdani #E BRI
R E v S AR AR g RORROR 2 o) R 8
F5 P75 18 U 1 T 2% ( BT 4 i 28D L LA LR
B SOC 5 Hith 41 - 35 SOC 11 2518 (e) S HAF
AR () i A 5, Y48 P Ry i R L R AR
ME=fMIER)ERE. e Mg A —0.15,0.15], %I
3R TAEEY NB R Rk NM Ros i, NL &
NNGZ R R E L, PL RN IE/N, PM &R IE 1, PB
FONIER W 2 Uros. d, s —0.02,0. 021,
RI5r 0 5 ALK WSR3 Wi . B I, ik
HKL—1.5a,1. 5a ], X155 7 AFEH LN 4 FR .

e FEIX[H] PB IS, LW S A SOC B




511 BN L S L R B OUUROR s ) #8 7E R el b 2 4 SR w0 P A g 161
k2 emBHR 5
B 371 NB NM NL Z PL PM PB

wh [—0.15,—0.06] [—0.08,—0.04] [—0.06,—0.02] [—0.04,0.04] [0.02,0.06] [0.04,0.08] [0.06,0.15]

k3 d, wEmeG X 5

&3 NB NL Z PL PB
et [—0.02,—0.01] [—0.014,0] [—0.002,0.002] [0,0.014] [0.01,0.02]
A4 L, X 5
g NB NM NL Z PL PM PB

ekl [—1.5a,—0.5a] [—0.9a,—0.13a] [—0.26a,0] [—0.017a,0.017a]

[0,0.26a] [0.13a,0.6a] [0.5a.1.5a]

B TR SOC, temt .45 d. AbfE NB X [8]
WL BEBTZ I SOC IE 76 PR 3 1) g 3t 417 1 SOC
FEAT LM [, R 2 PM XN TRl . 2 d,
Ab A FEA DX ] P9 I Sy 1 R 2 1 L 7 R B RR Y
P e I, BB B4 B A e PB IXTEI N, 2
0B 42 T 45 BT AT RSOR 45 R 4n 3% 5 iR

RS ZHAREMIER BN K

I,
d.€NB d.eNL d.€Z d.€PL d.€PB

NB NB NB NB NB NM
NM NB NM NM NM NL
NL NM NL NL NL Z

Z NM Z Z Z PL
PL Z PL PL PL PM
PM PL PM PM PM PB
PB PM PB PB PB PB

5 MR YA AL B 08 B 4L i E T35
ZRAEWIRN . A, B, f1C, M FKRE n S 6
FRI ki A AR i e od, G HH A2 5 T, BRI . n—
1,2,3,+++,35, BOMIPEHIES 0217 B aF,

(DB . AR 98 Fay A28 B sl ny %43, 0 )it
Hoefd, MBASRIBIE pa () pp (d) s

(2) LI DC T o AR Hhs 22 A R U0 3 35 1 00 iy £ #)
VEFCFE w, » B

w, = min{u, (e)s up (d.)} (3

(3) RO HE B AR A 5 s 8 AT A AL S

pe, (L) S THBH AR R Y RO 45 18, /D
/,z?;” (I,) = waptc, Iy (4)

(DG L. X T A ) 2% 09 55 H0 45 38 17

S A LA HE P e (1) )

35
pe (1) = D ul (1) (5)
n=1

http: // zkxb. xjtu. edu. cn

(5) BRI . R H vk B0 AL, 75 46 Y
Yy 1, /P

JIWJ(‘(L))dIh “ZdHJ#?‘,,(Ib)dIb
I, = = =1 (6)

[ectan, S [ car,

n=1

b d, Bt a=10 ub (I)dl, BEG. % a BUE
ELIRE  — SRORHY i 75 Sk 0568 T B A 26 10 AR
Pobl . 4 a=2., ol A i il 5 R

PS5 AR 2 ol o A o T

HIES ATHL Y a=2 BF MR 1, o 2 AL JF
H I, W e 0 d, B3GR Ha A < 1 i v
AT 6 A2 P 35 487 T 5
2.2 —RIEMIEH IR

— RO A o 2% LA BT Y B A A L
g 5 A F U Y e AR Dy IR Y OB 4 S 2 Y
MM o o IRI RO, 1], 50 5 DNEEH (VL R
RN GL /N MO, B g k. VB AR KD L WLk 6.
g MBI 0.4, 5], 70 R 3 AN R 7,

A6 Lot R

&4 VL L M B VB
ik [0.0.1] [0.05,0.25] [0.2,0.8] [0.75,0.95] [0.9,1]




IRV NIE &

R

1 LHEIE o

T g RO R S
=343 L M B
518, [0,0.4] [0.5,4.5]

[0.2,0.8]

M B AL TF VL AL VB X [a] 4, 15 B i i) H 3l
SOC s AR 1o i 5 2 By 1k 249 85 F U i R Ry R
JE AL TR AR A7 5% S A 5 S R AR 7 L UAT S BN — 2
BORA 2 1 2% 1 a1 g AbHE L DXRI Py . — OB 2 o
fr A SR AR 8 Bros Akt an &l 6 iz .

A8 —mAEMIEH BN A
Beoe SF VL L M B VB
g L M B M L

1 1 1 1 l
0.0 0.2 0.4 0.6 0.8 1.0
Proe

P06 — RN s il B4 B AR

VDF Y517 5w (4 45 ¥ an i 7 o . K4 BOF
BAN S SOC 1E Ry £ i ith SOC B 52 A — A
PE A A S B, AESRR A B b T 0.2~0.8
FAS — SO 5 K, 32 5 6 18 38 3k 3 4 a8
i B A A5 R 1% 49 £ PR L 0E — 2 B R 3 A R s R R
PR B b F 0~0. 2 5% 0. 8~1, H A —# &K
B 32 50 % B T [ N7 A /N A e R AR G B
F1%) 49 67 FEL Y 3 S 70 T PR R ) ) Al ke B TR I B
f DR AP 1R B A | B2 i 24 4 A B Y 2 Ak

ﬁ. — R 2 ] Ag.%_a,
1 —gmm | By

€ —|
d,

&l 7 VDF ¥4 5 s 25 44

3 iHESLR IR

3.1 EHBTEERPHERE

DA 15 HR K ot 7 L 4 A R ) R G R AR
JA B RERCh 4.3 V. H# CT.TF.VDF ixX 3 fii ¥
r SR Wt AE 3 LR (Buoc A T 0. 8~ 1. 0) HL Yl [1] £7 7
BERAN—ZE i Al o HL 9 8 k. 1 5 Al 2

http: // zkxb. xjtu. edu. cn

3. 159 A« hoWIR B B 0. 8552 S HLM A &
H3.095 A e ho W1 R Boc B 0.95. fH I T HL AL I
B 1.5 A. HHBIEH B A F] 0.9 B BEAE K
FEHAEA, 1St R R A A R LI 8.

1 ]
1000 1200

1 1 1 1
0 200 400 600 800
t/s

&8 ¥4l e A Ak AR v 1 e b i FL R 1 X6

M &l 8 AT AL AR iz A7 FF an B B, B TR L ML A O
—HUHE R CT A TF 4945 )5 U K = A B K i 3
A PR IR T (A 15 F b %) O LR BH G 0L 1 VDF
F 0 78 1 o BT B 38 07 b 98 /) 359 4 FRL 9 45
1 5 Fe, b 7 o FL R 2 fn A 22 48, DUTT BB VDF AH L
T CT FTF Y46 5w 6e G &80k S PR 4P 2 sh 1 .
3.2 EHEMERIAHEHRE

DL 5 r s B R 208 @ 0y BOF- & L ik E R
R 1.2 A R 1.2 4t 4 R CTAE ST TF AN
VDF ¥ 5 S 0 %t e, 303F VDF 803k 098 5tk . 72
WS E R 1.5 AL RL 4 A5k SOC ) %
(Vo) WS Z 0. 05 ) 502 WS 8], 4 b1 378 78 Ak
TAESRMF R E T,

TEACHL 1. 1 S A& 3.159 A« h, 4]
f Boc M 0. 8:2 S HMZA T 3. 095 A« hy W IR P
K O0.7;3 SHIMARN 3.089 A« hy WIH Buc N
0.6;4 SHMAERN 2.971 A+ hy WA Lo 0.5,

R 2: 15,25 .35 4 5RbEElh
3.159 A« hy B B 53510 0. 8.0.7,0.6,0. 5,

fEAAHL 1 1 SHMA RN 3.159 A« h, 4]
B Puoc N 0. 252 SHIIBA T A 3. 095 A« hu WIIR P
H0.3;3 SHMARN 3.089 A« h W H Buc N
0.4;4 SHMAER 2. 971 A« hy ¥R Lo 0.5,

fHRAER 2. 15,2535 4 5HbAERHRN
3.159 A« hy B HH B 5354 0. 2,0.3,0.4,0. 5,

K AE AH [R] Buoe WA AN [F] HEL Y 25 o A9 T4 2% 14
T 45 TUF A S AE S FE BLIRAE R R B 3 SO R
FRUARSCA T . FEEmRBCE 1 44T, TF Al
VDF W F 15 i 56 g (9 5 Z 45 R anidl 9 Fn &l 10 f
o A B B S R R 9 PR .




11

B W A 7R S OUASRN £ i 5 1 B8 PR T 2446 SR W i 1 163

o 1000 2000 3000 4000 5000
tls

() BT 4 19 LB A B 21

0.0525 0.060
0.0520
0.0515F
0.0510} 0.058
$0.0505 (1716,0.0499) ,
*0.0500 20.056
0.0495 -
0.0490 0.054
0.0485 |-
0.0480 L | 0.052 L L )
1660 1710 1760 ""4000 4200 4400 4600
t/s tls
(b)) A 22 Wi S50 &85 1 (o) TR0 HL 7R 3 A 22 2% b

9 TF 4 i 1 72

H 9 AL 10 AT 1. A R0 o AR K, P 3
7 7 3 349 R ORI B A RO B A v DR/, H
VDF fig [ 3% W 385 0 T, 52 30 P o 359 4, 49 4 b (8] fy
1716 s 4% 924 s, B 38 B 4 5 46 005 UL oK A
HL0 B FEH] 0. 2 LU B TF Sy By 1k £ 47 152 30 4 1
155 1E 4 A7 DR R L [ £ A 25 R PRI AS yo AR SR K,
ifii VDF A] 3@ 2o Al 0y el T, Ak 4065 0] v 9
K5 v 0. 059 9 /N E 0. 047 9, — H P42 5
20% . H1EE 9 WAL, 4 FhOE 9 7SR A& F . VDF
Yyfir sl 5 TF A H Y B B2 T 2 3040 L I
fE AL 1 AR A 1 28500 F . 4 19 Ll 45 i A7
TEREK 22 5, U AR 3 VDF — 8Pk 48 7 20 %0,
fE A 2 FE R A 2 S50 F .4 Tl A it —
o B R J 458 1k B4 R () AN — B R 25 W] i

A9 RBAAALIATHHESALLER

TAE 4% Fmg W St a] /s 2k B 2

o TF 1716 0.059 9
H R 1

VDF 924 0.047 9

o TF 1 686 0.044 5
H A 2

VDF 927 0.041 3

) TF 2 625 0.054 2
(ERTTi A

VDF 1764 0.043 2

. TF 2 553 0.041 2
H 37 78 2

VDF 1740 0.038 3

http: // zkxb. xjtu. edu. cn

0.9
0.8k e 1B
07RN ---- 28
AN, — 35t
I 45
2 0.5F
= 041
0.3
0.2
0.1F
0.0 I
0 1000 2000 3000 4000 5000
t/s
() BT 4 19 LB A B 21
0.055 0.049
0.054
0.033F 0.048
0.052f 0.047
£ 0.051 (924,0.0499) 3
07050 -£0.046
0.049} 0.045
0.0481
0.047- 0.044
0.046 1 1 1 1 ] 0043 1 1 J
870 890 910 930 950 970 4100 4300 4500 4700
t/s t/s
(b) e 22 W 84 BB 1R 0 (o) e B AR o 1 22 A Ak

10 VDF ¥ ik it il 72

PO PRI o R b 49 Ay =X S R R U Rl 1 A
LW W WA, 7 B4R, VDF 5 TF #f
L« BB HAL b ) 7 7 458 R AN — 50 sl 50 B0 e 3k 349 £
FE FE R A A AT LA O A — B K

3.3 #EMBAENSTEAMKTAHEHRE

PL4 5 i SR O s @y 1O 5l A
X DST T8 1.2 X WP TAES 4 TF il VDF #
R BT L B E VDF Bk g st . L4 5
1 SOC e 22 B ZE 0. 05 Hf & W BT 8] . 75 Fh DST
THWI R PR E T,

DST T 1:1 St %5 R 3. 159 A « h. 914G
Buoc M 0. 852 SHIMA TN 3.095 A« ho ¥IIH Luc N
0.7;3 SHMZATE R 3.089 A« h, W] 1f Buc M 0. 654
SRR 2. 971 A« hy WA Buc H 0.5,

DST T4 2:1 5.2 %5 .35 4 SHLAE RN
3. 159 W Hh Puc 5 5K 0. 8.,0.7,0.6.,0. 5,

DST T4 1 444 F TF Fil VDF 1 fh X5 i 5
A5 BLE A& 11 i 12 R . PR SS4F B9 28
ik 10 fioR.

M 11 MK 12 AT %0. DST T8 1 &4 F,
VDF 5 TF 5 W Al He . 3 7 B 6] i 1 635 s 4 56 &8
927 s MR T 4350578 DST TR . 7.
H10. 060 63 /N2 0. 042 8, —F PE42 w5 29% ., %
10 Al%0, E WA B X DST T T . VDF 344 i i
H5TF MY AE THERT, iTs 43% L2 1.




164 (LS NI %54 %
%10 DST T F#y3h#45 A4 R
TAEA A M WSkt TA] /s gAML E
TF 1635 0. 060 6
DST T.% 1
s VDF 927 0.042 8
5
TF 1668 0.044 2
DST T.% 2
VDF 936 0.041 7
14 ik

()DST T4 1 F 4 R B L

0.052 5 0.060 6
0529 0.0605
s (1635,0.049 9y, 0-0604
0,050 0]- +£0.0603
0.049 5| 0.060 2
ool
0.048 0 L 0.060 0 I S —
1580 1630 1680 13.7 13.8 13.9 14.0 14.1
t/s t/ks
(b) % 25 Wi S5 )= 350 155 i Co) il L AR i il 2245 1k
B 11 TF 78 DST T80 1 F B934 ik f 5 72
0.9
0.8k
v
0.7k,
0.6
4 0.50
2 0.4
0.3
0.2
0.1
0.0
0 6 8
t/ks
()DST T8 1 F 4 H Y Lo A8 1k
0.055 0.043 6
0.053}-
,0.051f (927,0.0497) 00‘043 2
0.049 0.0428
0.047}-
00451 1 H L 424 : '
870 890 910 930 950 970 14.00 14.25 14.50
t/s t/ks
(b 22 U B4 =) T 175 Co) HOH o S bt 22 78 4k

K 12 VDF 7 DST T4 1 F i 3 i ik ey o 72

DST T4 1 F 4 795 i i 3 B A7 AR B8R 22 5 fE T L
HLA] VDF g i — St 4274 2900, DST T4
27N A R A — B A T A R S I R i ) A
WA B A, JFEERU, VDF 5 TF #
LU+ RE A% £ FL L 18] 7 7 5 R AN — S5 I 52 B PR
1ty A T L AR AT DA S A — BT OR

http: // zkxb. xjtu. edu. cn

Oy 4 v L PR T 2 T R o R v A g A R R 5
TG HEL R S0 5 R 3 ] Y — BOPE L AR SCHR Y VDE K £
R 308 S A4 T 25 e s b S A 4
a. [N A T B e R 1. A NCR 186508 7
U F b T H S A o ST R R O EKE
At 0 B B R 3l SOC A g 244 2 1t 38 i 18 3L e i
TOURF sE X DST oL Hae s A3 &gt .

(1) VDF 27 5 s 8 705 L A m] LA o i /)
I, iSO R S A AT SE I A R Y . 5 AR e
SR 4 45 SRS AR L 78 P b 18] A A R 22 S 3% Ml
25 R H L IR A — B T 4R R 20 60

(2) VDF iy 5 s £ 70 5 L A 309 mT LA o 48 K
L, AT S BRSP4 107 . 151 0 6 M0 249 i SR s A L
Yty s BE T B v 306 LA b

ARSCHR L Y VDE 2 £l 5 w55 1% Gt 3% 1 5 s At
LU 7 PR Yl 8% 087 0 R I R B B S BT
A I FLEL U 2 A BRI R PR S

S 23k
(1] B, kA, & %0 F0 T A Ak 27 1% 3 ok BB ) 2
ke Z R [1]. MR, 2019, 43(7). 1132-
1135.

YANG Jun, ZHANG Xi, GAO Yizhao. Modeling and
parameter identification of electrochemical transfer
function model for lithium battery [ J]. Chinese Jour-
nal of Power Sources, 2019, 43(7). 1132-1135.
WANG Peiyao, ZHAO Bangchuan, BAI Jin, et al.
Rationally

[2]
designed three-dimensional porous
NiCo; N@C reticular structure for high-performance
Li-ion batteries [J]. Scripta Materialia, 2020, 186,
104-108.

Zept, B, Fow, S 20 A 2 b YRR B i g
B iRk R R SN o
2019, 53(10): 79-85.

XU Dan, MAO Jinglu, WANG Bin, et al. A balance

[3]

control scheme of SOC for power module energy stor-

age systems with distributed batteries [J]. Journal of




11

B W A 7R S OUASRN £ i 5 1 B8 PR T 2446 SR W i 1 165

(4]

[5]

[6]

[7]

[8]

(9]

[10]

[11]

Xi’an Jiaotong University, 2019, 53(10); 79-85.
XUEE . BRTR, VR, 45 — iR T e 2%
R b F i B A PR B (T, P DR 2# 4R, 2018, 33
(14) . 3213-3221.

LIU Qianyi, XU Shungang, XU Jianping, et al. A
modularized equalizer for series-connected batteries
based on push-pull converter [J]. Transactions of Chi-
na Electrotechnical Society, 2018, 33(14): 3213-
3221.

QI Guoguang, LI Xiangjun, YANG Daiming. A con-
trol strategy for dynamic balancing of lithium iron
phosphate battery based on the performance of cell
voltage [ C] // Proceedings of the 2014 IEEE Confer-
ence and Expo Transportation Electrification Asia-
Pacific (ITEC Asia-Pacific). Piscataway, NJ, USA.
IEEE, 2014 . 1-5.

YARLAGADDA S, HARTLEY T T, HUSAIN 1. A
battcry management system using an active chargc
equalization technique based on a DC/DC converter to-
pology [J]. 1EEE Transactions on Industry Applica-
tions, 2013, 49(6) . 2720-2729.

EINHORN M, ROESSLER W. FLEIG J. Improved
performance of serially connected Li-ion batteries with
IEEE
Transactions on Vehicular Technology, 2011, 60(6)
2448-2457.

XMEF . BIEAR, FhIR, 2. kT 3 B0 3 {8 19
WA s ms At te [T, EHUM TAE . 2017, 28(5)
624-629.

LIU Zhengyu, MA Yadong, SUN Qing, et al. Opti-

active cell balancing in electric vehicles [J].

mization of battery equalization strategies based on dy-
namic fuzzy threshold [J]. China Mechanical Engi-
neering., 2017, 28(5): 624-629.

WDy, AR, MR/, A, R T RE i i e K w i AR
LT B A R B Y (D, U R 2020, 44(1)
45-47.

TENG Li, LI Yuanyuan, CHEN Shaotang, et al. Re-
search on lithium battery pack equalization technology
based on energy conversion strategy [J]. Chinese
Journal of Power Sources, 2020, 44(1): 45-47.

Zw by, AR, IR0E, B R TOROR 95 I Y #E
WM RGBS (1], Tk &35 AL, 2016, 29
(7). 32-33.

QIN Jiaqi, RAN Feng, XU Hao, et al. A research on
lithium battery balance system with fuzzy control [J].
Industrial Control Computer, 2016, 29(7); 32-33.
MEYER L, ICHALAL D, VIGNERON V. An un-

known input extended Kalman filter for nonlinear sto-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

http: // zkxb. xjtu. edu. cn

chastic systems [J]. European Journal of Control,
2020

A, OO, REET. BT Y RRRK SRR AT
1o O R R 2 LR S A i A A [0, W TR
%4, 2018, 33(7): 1516-1522.

ZHAO Ximei, WU Wenbin, ZHU Guoxin. Disturb-
ance feed-forward compensation for high-speed perma-
nent magnet linear synchronous motor based on ex-
tended Kalman filter [J]. Transactions of China Elec-
trotechnical Society, 2018, 33(7): 1516-1522.
TRIRT, HEOLRR, A, AE. ko R A S A
B A b e B RS AR T L) B TR R R
2019, 34(8): 1769-1779.

ZHANG Zhenyu, WANG Guangsen, NIE Shixiong.
et al. State of charge estimation of LiFePO, battery
under the condition of high rate pulsed discharge [J].
Transactions of China Electrotechnical Society, 2019,
34(8): 1769-1779.

K&, KX, BEE. & M FRbAEES
By (1], A, 2019, 49(1) . 25-27.

ZHANG Zhiyong, ZHANG Liuzhu, HUANG Caixia,
et al. Identification of model parameter for Li-ion bat-
tery pack [J]. Battery Bimonthly, 2019, 49(1). 25-
27.

PIROOZ M, FATEH M M. Impedance fuzzy control
of an active aircraft landing gear system [J]. Interna-
tional Journal of Dynamics and Control, 2019, 7(4):
1392-1403.

MRIE, IME. MATLAB ®Refm s (M. Jbat. e
K2z At . 2017 198-200.

BT, AR305L, K958, HRE Mamdani SO 5 48 09 08
PP [T]. #2605 065, 2000, 15(4) : 435-438.
ZENG Ke, XU Wenli, ZHANG Naiyao. Universal ap-
proximation of special Mamdani fuzzy systems [J].
Control and Decision, 2000, 15(4). 435-438.

GAO Hongliang, ZHAN Xisheng, YUAN Yiran, et
al. Mitigation of low frequency oscillations in power
systems based on Mamdani fuzzy inference [ J]. Trans-
actions of the Institute of Measurement and Control,
2019, 41(12) . 3477-3489.

Ik, ERBA. AR, AF. i A1 R A B IR S A
o B R A [T, B IR, 2015, 13(2): 113~
120.

QIU Binbin, WANG Zhihong, LI Cheng, et al. Fuzzy
control strategy for battery equalization charge based
on state of charge [J]. Journal of Power Supply,
2015, 13(2) . 113-120.

(Umk mw ToH)




