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Research on Control of Active Equalization System

of Lithium Battery Pack

ABSTRACT

In recent years, the field of new energy vehicles and energy storage has developed
rapidly, and lithium batteries have gradually opened the gap with traditional batteries
by virtue of their advantages in energy density, charging speed, cycle times, etc., and
have been widely used. Although the lithium battery has the above advantages, the
voltage of the single battery is small, and the application needs to be carried out in series
and parallel according to the specific scenario to improve the overall voltage and
capacity of the battery pack. Due to the inconsistency between the parameters of the
single battery, the battery pack needs to be balanced to improve the consistency of the
single battery, otherwise with the increase of charge and discharge times, the
inconsistency between the single battery will expand, which will lead to the attenuation
of the capacity and service life of the battery pack in light, and cause overcharge or
overdischarge, resulting in battery safety accidents. Therefore, battery equalization
plays an increasingly important role in the popularization of lithium batteries.The main
research content of this paper is the energy balance of lithium-ion battery packs, and
the specific research content includes the following parts:

Firstly, to choose the appropriate balance variables, the choice of balance variables
is the basis of battery balance. In this paper, the State of Charge (SOC) of the battery is
taken as the equilibrium variable, and the accurate estimation of SOC value is of great
significance for the next step of battery equilibrium. Based on the second-order RC
equivalent circuit model, the parameters of the model are calculated using the data
obtained from the charge and discharge experiment. A scheme combining BP neural
network and UKF algorithm is used to estimate SOC for nonlinear lithium-ion battery
system. The simulation results show that this scheme can satisfy the accuracy and

stability of SOC estimation under different working conditions.
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Secondly, the hierarchical equilibrium scheme proposed in this paper uses
different equilibrium topologies and strategies between the first layer and the second
layer, which needs to be analyzed layer by layer. In the first layer, an active equalization
scheme combining Buck converter and switch bridge structure is used, which reduces
the number of switching devices used and improves the flexibility of the circuit. The
simulation experiment results built in MATLAB/Simulink show that compared with the
comparative experiment, the scheme can complete the equalization within 1096s, 1106s
and 1088s respectively under the three working conditions of static, charging and
discharging, and the equalization time is shortened by 2934s, 3518s and 2829s
respectively. The equalization speed is improved obviously, which proves that the
scheme has the advantages of simple structure, high flexibility and fast equalization
speed.

Finally, the Buck-Boost converter is used as the energy transmission device in the
second layer equalization, and the equalization groups in the first layer are connected
to carry out inter-group equalization. Intra-group balancing is combined with inter-
group balancing. The first layer of intra-group balancing uses Buck converter as energy
transmission device, which has fast balancing speed and simple structure; the second
layer of inter-group balancing uses Buck-Boost converter as energy transmission device,
which can realize bidirectional energy transfer and avoid the loss caused by step by step
energy transfer. The simulation results built in the MATLAB/Simulink platform show
that compared with the equalization circuit based on Buck converter and Buck-Boost
converter, the layered equalization circuit can ensure that the SOC value range of the
battery pack can be controlled within 0.1% under the three working conditions of static,
charging and discharging. The equalization time is reduced by 23.7%, 16.2% and 27.9%
compared with Buck-based equalization circuit, and by 17.5%, 22.5% and 17.1%
compared with Buck-Boost equalization circuit, respectively.

Keywords: SOC estimation; DC-DC converter; Equilibrium topology; Equilibrium

strategy; Hierarchical equalization,;
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Boost [FIAL[E M AN EGH, BTN, SERas N AR R, PAR

B AT . IR SCRARE I 1.9 .

2% SOCfhit

—

I

I

I

|| #BE—BRCEE | [ $EIEUKFEBP
I

I

I

I

TIEHEATBH | | WIS 1
in fhith 5

|

|

|
ST S A | |
Sy R A |
|

FRBURE ) AL

| 1w e L — -
| ! i 53 20 F____:
I | I |
R | I H 3T Buck?s | | EXI TR 45 M [N |
R | | B A | | % TR %&ﬁiﬁiji
| : L g RCL B EEA |
! arl ! e — !
| %gﬁg | JO RS |

! |

! |

AT M B

P____

i
|
i&@mm@%@
|
|

EEX 53 R 38 i b
G R BETT AR L
Buck-Boost B, % o Tp—

BEATSCH, o

|
|
P FOBLELF |
|
e |

K 1.9 8 s
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2 & dnh SOC it

R A 3 S R B AR G ] Ao e R A SRR Tt T R — B
A1 A B P e B B A R L ) B A . AT AR R T LU R OCV . TAE
HL R AE AT SOC 1A .

OCV H A LAFRIE B4 Lt RIS — B0, EANTE S B T 00 o] DURFRER
RS, B (AR RS PR, ANIE T3l TR R b Is s . TARERE
fE5 OCV fEHAHEL, AH 2 Hih2H AR BORRS, i B s, TR
HWEBIBEZ IR, 2GR RIS P RGN E B E, BRI o EFe, f
R FLAE F . SOC {EARER T 2401 (1 s ith R A% s, JFAS 55 Sk e il Hh PR 1 S FR
TS B BB DG, T LAIRE G 0 7 Bk P 2 R T U ST T L 9B Bl i K B R 15
72, AT ARG 1 Jsz i A e 2 TR RIS — B0 . X B Ar AT, DR T Rk FLH AT A
RigAT TOL, P i B R i) v SEtEARE i, A FIEH SOC Ay it
B R G I A

2.1 FEIHSE R R AR R F) A

2.1.1 ZHr RC S50 BB BY (1 R ST

FL AR R B ST R SOC TR, A M VRS2 3 S 4 e A SR
20 T 245 TR e o B R

LA SRR R LSS 0 3R 2 B Pt A S0P 2 5 B R, 358 b T £
MR RS . B TR T B0 AR, DU LI R B2 o P 2 R () e
STBONE R, A R FE TR 2 TR, T RER, &S R
TF9hr T

LR 2 AR R o AR VBRI 5, 438 — A RS 405 A
12 (IR RS o R A R (KRS BT e, BRSSP TR EI R i, S
VI P B AR 2 I RG0S ME R Fh B M B T 75 0 2R e
AR, R R SRR e L IEA G, B, M TR TR, s
DASKER A 5 it S5 AR 0 R R f o P

S0P B TR DA 2 A T0 B8 2 SR 7 L B P IR S R SR,
WO Tk e R 30 g it A o T £ 25 2 PR R 603 R #8710 Thevenin
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B, PNGV ALK RC BEAY,

ARG A AR AR Y T ) B RC AR SRERAE B R PR P P, 28
RO T — /v RCRERL, A LB - fe Bl R (R AR AL I 5%, AR T = RC LA,
a6 TR R R R, AR AT LA 2 SOC flitHiEEsk, —F RC S5
PR ] 2.1 B

R1 R2
Ro 1 1
3 Ul U2
:
" | |
_—% Uocv C1 C2 Ut
IL

2.1 ZFi RC S5 h R A5 Y
K 2.1 HUpey JHMIRIT R LR, Up I fan e fe T, R W NBH, Uy
RN BRI, IR FIC, A I — A Ak FEBH AR AL L2, R, FNC, J FRI )
7y HRAL BRI AL 2 . Ry MG, M B RC 8RR FEAL P AR AL SOBE, Ry 1
Co I RC AR IR E ZE A SN o Uy FIU, 9 BB B B s, I N HLUAR
EERiEN5 QEEN N =M N S W2 N S
MRAE I 2.1 Fros i SF R R g Abi Ay, i HRERE R R e R T 15 HEL S O A4

UO = ILRO
{dU1/dt =1,/C; —U;/(R1Cy)

dUy/dt =1,/C; — Uy /(R2Cy) 2D
Ur = Upcy —Up — Uy — U,
HLIBAE ¢ B ZI) SOC HRIE AN :
SoC(t) = soc(t — 1) — [ nI(t)/Qdt (2-2)

Ho: BAESHERPEESIN 1s, SOC(t-1) T 1s B SOC 18, mNIERER,
17=100%, Q NHSEPRA &,

K AR -1 Bk, HEEAR (2-2) , 7S E b PRS2 T2,
wmas (2-3) fiw, PRI TR, AR (2-4) Fis.

1 0 0
SOCk+D] o exp (_ At ) 0 soc (k)
Up(k+1) | = R, Gy | Ui(k)
U,(k+1) (_ At ) U, (k)
0 0 exp R,

13



2N S YN T e A0S

_ &
Q
Ry (1—exp (- RA—;)) 1(k) + w(k) (2-3)
Ry (1-exp (-7))
Ur(k) = Upcy (k) — Rol (k) — Uy (k) — Uy (k) + v(k) (2-4)

Hr: SOC(k) R k I Z ¥ it SOC K., I(k)FE7R ke Ik AR AEId FEL it FR) LA
AtZoR S S BRI, w(DR IR A 1A 7 RE R TN 75, (k) Jy R Tt A
7 RE I R
2.1.2 HHARKN

AR (2-2) WAL RLISEERAE O fEHib SOC fhitd— KRS
$o AR 18650 BB E T HUMFNSEIXT R, S50 F & BARAYN T RHR 8 ji
EARBCBIR ARG, YA 408L R LA B AR, SLiF &
e 2.2 fos, B BIA BB RO 18650 ZUHLES T HLith . R RIR IS4
8 I TR R I RS, SRR e B E R IR 25°C.

N E7
N B 7E
S YKYT
S YKYTECH
N gt -
H |
N
=
H )
H
H

|

1

T .
I “'v:,,m."’".'. e p i \ 3
(1 A 1

TP i R

K22 M AEERN &

RV ATE 2 0l 2> R BAE it S R, 18650 T A B8 1~ re it Stk 2.1
Frose BITA T2 A Lol DA K FIBE AL RE B I PR 3R B2, AN [ B H J )
AEAAE SHUE R EAFAEZE R, BT ARSI 2 Fi0 % it i SE R il H 28 5
AT IEL

14
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2 2.1 18650 HY4H B Hh B8

Hth 24 HE
WE A E/Ah 3.0
WUE /v 3.6
FRHEEERENV 4.240.03
JRCHL AR LR/ V 2.8+0.03
fE I 78 FELAER L FRUV/A 0.048
L 0~45
ARSI B2/ C
JECHL: -20~60

RSB A R AT %8 G, R SRR BEIE HIAE 25°C, X B 78
AR SRR E A AR, RSB I AR get i i BEAT TR, [ER
BOREBCRBOE R, I RABCEE; &E, ZRNETFELSBCLE, JFRE
FEIME, BEAML S KMEL RS TEMERZDNT 1%, LUk 5 R 4R 1T
PEMF VRSP A & Q. ARSI D IRIR 2.2 .

2 2.2 EHUL A B S0 0 IR

S R S A AR
1 AR B T ARSI A 1 /N, IR E N 25°C
2 DA 1C FEIA R 76 L 2 7o LA 2 L
3 i e AR 3070 HL 2 FL IR/ T 0.048A
4 L E 30 b
5 LA 1C TE 3 2 A kR
6 IR GENERSYEER - )
7 HIBERE 30 708, EEIPIR 2~6
8 LSRR, BE O MEIES: S WmZENT 1%
9 WIS LW

Sk DL SEEG, TS 18650 YA B 1 FIh I SE R4S i 2.976AN.
2.1.3 OCV-SOC B4

HH ESCRT S, 5288 FH 18650 Y4 B F it (1) SE PR 2 & C A4S, 54845 3] OCV-
SOC ik, i+t SOC H5 OCV (RIS K, W] I 78 i Al ik & 4t Xt

15
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FALR BB AT OB SE S . BRI U R R R B e B T S I TR S A A
g, WREERE N 25°C, BRE 1 /NN, A R A S ISR EOE T8 K
A% 3R 2.2 WD % 2~3 FRil i, 40t 1/ ERE 2 )5, TS B A T %
HLE, By SOC {H4 1.0 X Riff OCV fl. LLK/NA 1C (F8 s bRFR 2 BXt
JSLR IR 1 HIRE SO, TR A RN Q/10, £ 30 ArEhERE S, ATl
B ) TS FELS, BT SOC {4 0.9 X M) OCV . 4k4ELL Q/10 A&
o BLR R R AT A0 B R RL S, 43 3R4S SOC {7y 0.8~0.0 I OCV fH, 153
T % F R BE SOC HIZRILIEHLINGER 2.3 k.
F 2.3 #Hh OCV 5 SOC XMk &R

OCV/V SOC/%
2.8173 0
3.5060 10
3.5975 20
3.6398 30
3.7033 40
3.7879 50
3.8804 60
3.9074 70
3.9834 80
4.0829 90
4.1932 100

#* 23 Pkt SOC 5 OCV Wsin#idl, @ik MATLAB F & TH

# Curve Fitting Tool X #4117 2 A IR 2 MG T, &4

F B G 2 WA TR LA i A E BE LA RO SOC B A5 TR 225 R 3K

Wi & 2 W o 8 RN AiE. SOC-OCV Mt 2.3 i, &%
I (2-5) fiR:

Upcy (SOC) = —133.950C8 4 585.550C7 — 1130S0C*®
+126650C5 — 890.350C* 4 390.950C3 (2-5)
—100.350C2 + 13.7750C + 2.817

16
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s OCVEIMH
)8 — A R

0 0.2 0.4 0.6 0.8 1
SOC

K] 2.3 SOC-OCV & #hzk
W& 2P 2 8t RZEFJ7 A (SSE, Sum of Squared Error) 4

4.392x10%, YeiE 2% (R?, RSquare) &y 0.9997, ¥ 5 #Ri%% (RMSE, Root Mean
Squared Erro) 4y 0.01482, I 2.3 1 OCV-SOC £k (A& ki
2.1.4 SHHHR

fEC ISR B T B R, ST Rov Riv Rov Ci A X 5 ANSHUNME
AN, HZHUERNEE SOC H MM . fEXF SOC HAfhTH, FHE
Wit —NE 25°CF KR A Bk oh 2 851 (Hybrid Pulse Power Characteristic, HPPC)
THLSERG, @I BT AR B e B A R 2, SE OGRS AN S
e HPPC MK B AADIRINGE 2.4 PR

%% 2.4 HPPC MR A5 58

S IR S A

1 FELY i B T (R IE SE A0 AR 1 /e, IRRERE N 25°C
2 LA 0.5C fEI A 720 0, ##E 1 /N

3 L 1C fEFCE 10 70, #0830 B

4 PL0.75C fE A 10 7, #E 30 7

5 L 0.5C fEJUE 720 £, BE 1 /N

6 HA IR 3~5, FFidsR R

7 HZE SOC HFIAR 10%, WHAL K

HPPC [k B LA 10% 50 R it LB o — A R S REAT IEAUBOR i B 4b
IN—78 HL SRR A ik AT, U AR 1 2.4

17
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0 5000 10000 15000 20000 25000 30000 35000 40000
t/s

Kl 2.4 HPPC 3 L A AR A4 i 2

HHIE 2.1 AT, B RC SRR R S5 M B 5 Res R 5 G R0 5
Cy =G, AR AR AL R 2%, (F2 B W F R TGV RAE, BE R 5 Cu,
Ry 5 Co ZHRIARAL IET BR A U TGVE S . BRI M F IR R A SR I, B2 K
A GBI G2 B A AR Ro BRI, BT 45

Ry = [AU/I] (2-6)

o AUARER i ith g oL R R A5 fb

L SOC 1M 80% ML B ¥ Bt A, 76 6 BRTZILL 2A f HIATHEAT 1E AL T
B, TBCRRTRDN 10 72, 6 R ZIHRIAE, #5840 75, HidSAE ti~ts I 203 HL
Je: FEEAE, TE s BFZILL 2A R THER A HE, B E 10 7, o b
ZIRIAE, HE 20 #, FHICTAE ts~ts I ZU0K 3 FELFE o PRVt P S ol R0 R
[ ARG H 2 an 1] 2.5 B .

TE ti~to IS, PRI T B A R GG B B, FRLR R A IR I TR B R, i FEL
ACIRER, ta~te BT, R I T s B R 25 TR B, i FE AR A 5 ti~to BT SEIAR
AL, ORI EARAN B BT K FBE IR P BME KRR R«

Ro- = ([Ut1 = Uz | + |Uea = Uz) /(2 |I]) (2-7)

Horbe Ry FoREBTBUAIR T 3MH -

[FIEE, T7E ts~te I, HOIJE T Bk 78 LRI B, to~te IS S0, HELHLJ& T3k
AR B, PN B R A BRI P R R IR R -

Ror = (U — Us | + Uy — U /(2 |1]) (2-8)

Hore Ry FRon 78 BT B S5 8L B R T 31

18
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M2, FETAEBTBER 5 Ro_IFIIE RIE 41T SOC 1H T &AL FEFHR, -
Ry = (Roy + Rp-)/2 (2-9)

422}
4211
42}
L 419}
%mw

4171
4.16 |
415}

4.14 ¢ . . . . ‘
0 20 40 60 80 100
t/s
B 2.5 FE B R Bl HE O AR A 2%
WIELL E %R, LSRR AN 25 CHIET, SOC HH 10%~100%[1] &1k
B TR RofH. % SOC ARAS R XM I EE R FH Ro EUNZR 2.4 AT7RN
2.4 25°CHAIE N SOC 1H S5EE R BH Ro XM 9% &R

SOC/% Ro/ Q
10 0.0173
20 0.0154
30 0.0136
40 0.0145
50 0.0162
60 0.0168
70 0.0152
80 0.0176
90 0.0153
100 0.0198

W1 2.5 AT LUE S, 1E -t I ], st s TERBEEETBL tets I, H
e THFE B to~ty N, MM E TIER SR B ERFEBCE LA T, Hitk
S HEL s (R G2 AR AR AL 5 25 B BH. Ro oK, 1152 - Ffr RC 8RR BRAR AL ) Ry 5
Ci Ry 5 Cy H IR AN T3 F T o to~ts FH to~ty BT HA, Sy FELS AR 2R A5 10 ¥

19
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Ry R A Rom oA (2-10) -

t t
U=U,—IRy—IR; (1—e 1) —[R, (1—e ™) (2-10)
EEF‘: Tl = R1C1, Tz = R2C20
ta~ts IS, Ao HE R I S N N, e HE R T R R ol (2-11)

t t

U=Uy,—Vie 1—V,e 2 (2-11)
Hrp: Vi =Ry, V, =Ryl
it MATLAB ¥ () curve fit & T RAE A DL G R 42, B Al 3R
BV Vou T M, ME . BBV, Vo 1 fllt,, 5 Riv Civ R G Z IR R,
AL EASH Riv G R G IIME . 25°CIAEE R, ASE SOC AR BT Ry
Civ R M1 G MEANER 2.5 FTis
F 2.5 25°CHEEN SOCHEE Riv Rav Ci Ml Gy XK R

SOC/% R1/Q R2/Q Cy/F Cy/ F
10 0.1355 0.0212 7.2215 530.4832
20 0.0147 0.0208 45.1254 855.2569
30 0.0136 0.0193 36.2587 893.5614
40 0.0051 0.0185 221.5017 983.2759
50 0.0065 0.0162 152.6659 864.3591
60 0.0081 0.0175 195.3785 755.2681
70 0.0138 0.0182 52.3954 533.4962
80 0.0142 0.0189 75.6349 655.8691
90 0.0213 0.0203 35.2648 688.2432
100 0.0267 0.0226 22.3182 654.1352

2.1.5 EHRAIIUE

DNERAE BT BT B RC %525 BB AS Y (v i v, IR IR B TE T AL A1
MATLAB/Simulink P35 T #EAT RGUERAT B2, & 2.6 Frox. ALK SOC
VIEME BN 100% , RGN NFERH R, iR B g, Jw s b
B P TR B AT B A T (1 1% 22 R TR T PR A R 1

20
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DT

SEh

Sheet?
— Imported_Sigpar -
=

S0C-0CY

v

il n.
1 b +
outz B3 = Qutl b -

R A TR 2

Shest2

Lirripdrtad_signal 1 }-4»-» In1 | Oun plint T Out3 »|In4
tfﬁ']/\ %f)?l[. 1 Outd »|In5 I—;@
AHERZ FHL 0T L
SHE R LE R EENE

Kl 2.6 Hhf E A
1E 25°CHIREEH, ASCRAAEE AR A E B E B4 SR (Beijing Bus
Dynamic Stress Test, BBDST) LU AHZAR A HEATRE FESRUE, 2% 00~ A5 Bl
KA 7058 £, HLIE YIS SOC (A 99%, HTBCEE] SOC {HA 10%H 17 H
S5O 7 NS IR 5 S P A9 s e U BCR & 2.7 B

45 r E— .L‘J\'[H’.')fifﬂ-ln
— (FHAR
4+
:_)\
533 5
St
3 [
25¢

0 1000 2000 3000 4000 5000 6000 7000
t/s

2.7 i AL S I S L X L
E 25°CHIREEH, (5 BARAY T BBDST JUH T2 T, 15 EARAY f i THE
5 S s Bl 2 Z A EAR A th 200 B 2.8 Pow, i A nlR A THE 5 S
DA SE PR E 2 ZIEHIAE 0.05V Z N, K7 [E) R AT HIAE 0.02V Z A, iR 2%
AN 1.5%, AT DL R AR AR FE AR R
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0.12 1

<

= e

(o] f—
T

e/ v
(]
o
(=

st
LW'W nt Ll‘ l" ‘l Hm Hl uu‘ w p‘ M I

0 1000 2000 3000 4000 5000 6000 7000
t/s

B 2.8 {7 204k 5 i S R 2
2.2 SOC i+ HE R B
2.2.1 EF EKF ZERE B SOC {1t

MR 28 HL (Kalman Filter, KF) 28 37 RGURAS 7 FEAI
IR, LAEARRITT i, B b 2 R G R PIRS A THE S 2 i Z gl 45
RAG ZHT Z PR A THE « ZVE R IR S YERENEN — PPt T /N7 Z RN 5
%, PEREFE A N ORI RSB, ZEE R L 2RSS THE S 4
AT 2R, BRI R A3 2 AT 205 THE, PR 06 A EES 10 Bodle 474 g ATt
FRETHIEK

Mk RGNS B R RIE

{xk+1 = Akxk + Bkuk + Wy
Vi = CypXy + Dyuy + vy

0.04 - L

(2-12)

Horbe x o8 k S ZIRPRES NI R, vy 9 k20000 0 &, w kB
ZIMRGHIN, A NRGHPIRESHERIELE, B NI, G AWINFERE, DN
HIAERE, w NRGEF, v AR, w) Sv, BAARDC HIE S 20 A0 R T
A

ST RR UL AR T M RG MR IR M, ¥R R R 2 I
(Extended Kalman Filter, EKF) B Al T8 X AR RGHPIRES A B
EKF 50 RGOS FERE 5 W0 M AT 28 ) e o, & 25 ZIROGUR T v i, i
HUARL M RGERI LR AL

R R GRS 2 (R R A
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{xk+1 = f(xk’uk) + W (2-13)
Vi = g (X, Ug) + Vi

Hrb: f Qo0 w) NARGIIRSALE R, g Qo w) NINEREL PIEEINAE
LNERREL, LB A AL B AT 45

{f(xk'uk) ~ f (X, ug) + 0f (g, ug )/ 0%k | =2, (X — X) (2-14)
9, ui) = g(Xge, w) + 09 (g, U ) /0xk |xy=2, (e — i)
/ﬁ\:qu fkj"jxk E‘J{ﬁﬁ%ﬁo /?\2

(2-15)

{Ak = 0f (Xp, Ui )/ 0% |xp=2,
Cr = 09 (xp, g )/ 0xy | xy=2,,
ZLVEAAL I 5, DB R AELNE RGUIRS T AIFRIA LA :

{xkﬂ ~ A (e — %) + f (B wie) + wie (2-16)
Vi = Ck(xk - fk) + g(jf\k;uk) + Vi

M MALE RIS, BIRT Y R -R/R 2 FIEMITF RGOS TR, T2
A5 DL AP IR

(1D WIaE I 2

5&0 = E[XO]; PO = Var(xO) (2-17)
(2) IRZAS LI 8] 58T

Xier1ie = f Kprer Une) (2-18)
(3) RZEW 7 ZE It 1] B 8T«

Pesijk = A1 PeeA” ev1 + Qp (2-19)
(4) IHHER/REE:

Ki+1 = Pes1jkChs1(Cer1 Prs1ikCiiar + Ri) ™" (2-20)

(5) IR AR R THE:

Rrer1ierr = X + K1 [Vierr — 9 Kperapio Ukr1)] (2-21)
(6) REW T2
Pry1 = (I = K41 Crr1) Prraji (2-22)

CLESBIR, Rppqpe N k IZPRESZ BRI TIE, Rerqper Y k1 I ZPRES
AR AT A, BIIERIE A TSRS P N k INZIRPIRES AL R IR ZE D )7
ZWITIFERE Pegy st HEHTE IR Z BT ZHEFE
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2.2.2 #HF UKF BEEME B SOC it

T EKF SEVATERPIRAHE R S WA T 22 BB TP, &3 T IR
R, WOZSERE R IR . N TR R, SR SR, 1k
MBI NI R S 8 % (Unscented Kalman Filter, UKF) #3%P%, UKF &
VELE AR M AL ] A TE AR AR e (UT) Sk B IE 7 25 R, AT LUK 45
RO B ZHr ks .

TeARAS AL E A 5 MU 78 S5 B 4 e B o e, HiZfie e A
5 JE B AR R AR R 7 22, FEAT R B A AN ARk P B B e v,
PATERARSE, USRI EAREAIIEM ) 2. AAP BT

(1) JEHCRHRE A -

(

Xi = f, l == 0
Xi=x+GHMm+AP);, i=1~n (2-23)

l){i=f—(\/(n+/1)P)i, i= (n+1) ~2n

Horp
A=a’(n+x)—n (2-24)
Horb: xoh k ZIB AR R, o0 x 380, P AT %, a Nt
AT, WE BN RS, AT SRR AR A0, kN FTIRS L AN
BT, ARRNE AR SIS 5 BME Z (RN
(2) K RFEEAEARNAELRNE R L
Y; = f(x)), i =0~2n (2-25)

(3) T RAF A A E

wm = {/’l/(n +1), i=0 (2-26)
1/[2(n+A)], i=1~2n

mgzvﬂn+w+(r—#+ﬁxi=o (27
1/[2(n+A)], i=1~2n

Forbre WSS | ASREEEURAE T RSB BB, WENEE i S REEEUELE
THE T ZENBINE, p— IR,
(4) B SME AT ZE R -
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Y = Y& winy,
{ £=0 (2-28)

Pyy = L WE(Y, =Y = 7)T
EEXT RN RGIPIRES TR S W T2, UKF SOEME RS R, @ s
N AR
(1) ¥igatbid .

%o = E[x0], Py = Var(x,) (2-29)
(2) FRAFRFEHE

Xik = (% B +/ (0 + DPe % — /(0 + )P (2-30)
(3) RFEHRE I — LT

Xige" = f Ui jer i) (2-31)

(4) RIE 5P J7 22 BEAT I 1) 555

i1k & 2?20 Wimf()(i,k»uk)

{Pk+1|k ~ NOWE Riernpe — Xige ) Rrerape — Xi,k*)T +0Q
(5) AR B ER -

Xik+1)k = [xk+1|k X1 + /(n + DPrijk Xresre — /(n + A)Pk+1|k] (2-33)

(6) 3RHU UKF F3% I T .

(2-32)

Yigre = M0 e1po Uk) (2-34)
(7) FREL UKF Sy 50 FmAe 5 b 77 % -

Prr1ik = Zico WY h(Xijesr o k) (2-35)

By = 2o WiC(Yi,k+1|k - }7k+1|k)(Yi,k+1|k - }7k+1|k)T +R (2-36)

Py = X WE (Xigeraie — Prerape) Viapi —}A’k+1|k)T (2-37)
(8) THERHE 25 FE R

Ki+1 = Py Pyt (2-38)

(9) HHRESZEFDTT 2
Xier1jkrr = Xr1e T Kier1 Verr = Vrerajx) (2-39)
Prt1 = Py — Kk+1PnykT+1 (2-40)
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VA LD O NMEFEW, T JT ZH R, R WL
2.2.3 BP #HEM 4% UKF EiERMEIE

UKF Fikilnd A ey 5 B, b 7 ARt RGEHEAT 4t R it 7 AR 1
W, RE TAEERE . SRR NMRE R AEL I RS, U UKF &
VEHEAT SOC flith, 25 5 51 22 AN R 2R (50, 38 s fiti 11 &5 A4 22 i DR 1) ) it
DA THRZE  Sem b ERE E AR EME, A5 BP & M 28 5% UKF &
A TS AT . BP MM S5 2.9 B,

HNZ FeZ
I 2.9 BP {2 /Y 25 4514

BP ML 45 R ol P, I S ) A% R AN W AE AU 48 Ao 28 6 2 T
RCEAN A, AR I 2% S B R 221 07 Al /), T8 2 T A% T kG 2 ANAS & 1
TR, BP MaMGBEE A SMARE . REMR L ZE =87, A S E %l
HIE LR, KUGEERANE . FOEE R AR5 AR, ARG %
J2 2 8] B R AR, et T B 4B -5 S BB 2 T F) R 22 R 5 7% = 2 TR K 2
e, IBBNECINMRZER) H R

LA PE AR FAL . R R (] R T k+ 1 I SOC RS &
B THE R 1 1, R I 3 Ky ENIIAESE, LU SOC RESEALTHRE

ARy EH Y B AR ZE A THE R 1)1 T 2R, BRI 2 k1 I 20 B A8 45

R
RIS Bt BP 846K, RIFSORR)Z 7 el mT DA e At G 15
FaE TEEOR EA SN LA . BBE T R m BIEHFZH A (241 -
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m =log,n

{m =vn+1+a (2-41)
m =nl

Horb: RN RN S EL Dt 21 580 ady 1~10 Z [aI A H . A0k

VI ARy BB 1 RO 8, DAFR TS H SE AR B S RE AR KT b 28 I 2% AT U1 e
2.3 SEWRSER KT

NEEASCHTHE ) BP-UKF SyEI A AR 77, B BABNAS B 7R T
(Dynamic Stress Test, DST) 5 B¢ #3§ 11712 17 L1 (Federal Urban Driving Schedule,
FUDS) T F 4 Bt 78 iR B VR AR A5 2, 3 il A SO 1) EKF
% UKF 5H3% LK BP-UKF SEN AR B EEAT SOC i1, PAFIg4antinzz
(Mean Absolute Error, MAE). RMSE FI SSE i fats, X o #rAs[F T4
TS LRI TR
2.3.1 DST TH2%

DST T2t % K& AR 4 S bRig AT G BL I gt 20 ir, 73t it
FETBCHE HL R AR A T o A LG TR L0 T A O SRS, DST L T R 7 5 e v
TR AR DU NG 3 7 s R S bR T, Hr S R AR 3. I I
WL A DL R | 3h F A U S L. DST 00 T LR AL 2R n & 2.10 B

2
1F

0 [

I/A

0 500 1000 1500 2000 2500 3000
t/s

K 2.10 DST L T B AR AL 1 2k
£ 25°CHEE T, %08 DST T 000 28 Byt idt A7 78 BB 5256, SOC HIUAE ¥
BN 100%. BEATBORERE P& EIVEN N SOC flith45 R, SOC it 45 R =
RO XTEE,  BLA SOC flitt 4 iRz 2.11 fizs.
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HF AR AT A, 78 25 CHIET, =FEIEF RN SOC flithH i 5 B SHE 3
ZER N, AGTEEE RIS AR BRI FR IR N, EKF BERI TR ZE AT
FasE, T4 22000~30000 M B, RZERENIZHI AR K, UKF SiEW I
THORWES), BP-UKF FEMMGTHREZERALRTE PR, HRER=ZFZ PR

# 2.6 DST L B %595 SOC filiihin 2t

SOC ftitt 771k MAE/% RMSE/% SSE
EKF 0.9809 1.1279 3.7916
UKF 0.7991 0.8392 2.0992
BP-UKF 0.5078 0.5177 0.7988

1% 2.6 7] %1, 7F EKF UKF F1 BP-UKF =532 /F , MAE {843 51 4 0.9809%-
0.7991%- 0.5078%, RMSE {H 759 1.1279%-+ 0.8392%. 0.5177%, SSE {&.73-7
N 37916, 2.0992. 0.7988. Zidrirbh E&E, BP-UKF BE7E SOC Aliitit,
T a RIS, R ZE 1K/ DL R R ZE (R B AR FE SR T EKF #1 UKF 52,
IEB T iZ50EAE DST T00 R BT SEVE R Bk
2.3.2 FUDS T.V52%

FUDS L7502 388 1 Xof 56 [ RG0S 08 i 225 S 100, T F 22 04T s i kAT e v 2
AbEE, SRIZ S i S OB EE . FUDS Lol T A £ an s 2.12 fiow .

2
1,
0r ] ]
<af “ “
_27
_37
_4 Il 1 Il 1 1 I
0 500 1000 1500 2000 2500 3000

Ezummsl%ggﬁﬁwﬂﬁ
FE 25°CHEL T, #21 FUDS TG Y FEL R ECHE o) 2 RV gE AT 70 LTI HE SR
SOC WA ME B N 100%, A0S RIS 7 2 Bk B 100 13 ) r it 52 48 i i i
o BRI AR & BRI SOC it 4, SOC Afititt 45 F I R & O
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tt, PAJZ SOC flithas iR Z K 2.13 Fios.
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AT E SR AT, AE 25°CHIEEN, =R R0ALE M R A% T R4 0~4000 T2 1Y
BIBE, 192109 SOC fhiHE S HAE R Z RN, fhivhas BB MR FEE R HE
REAI4kSE, EKF S Tl B0 A 2R 2 1R, Al 2 kAR ki
21, UKF SLHERRZ R I 7 /NERS): AR T EEB, 10000~14000 5
(RIet (] B, EKF SEMbTHRZ A ENmIZY, B EKF SEMbTHRZIEE D
HId 0.05, UKF HiE I T8RSN, BP-UKF BVE RIS 1152 2 75 LB B
LT/ IEBED, BMNEBEATBCRIERERE , AT RZE SRV, AT R 2 4
IREARFRT AR, HiIRZE N =FZ /.

# 2.7 FUDS LN & 595 SOC flith iz %t

SOC it 75k MAE/% RMSE/% SSE
EKF 0.9822 1.2799 2.3271
UKF 0.8437 0.9726 1.3437

BP-UKF 0.6273 0.6706 0.6388

1% 2.7 7] %1, F EKF\UKF F1 BP-UKF = F 5% /F , MAE {843 51 4 0.9822%-
0.8437%- 0.6273%, RMSE {H 754 1.2799%+ 0.9726%- 0.6706%, SSE {8737
N 23271, 1.3437. 0.6388. Zx&4rHTPL B =¥ rl &1, BP-UKF Hi%fE SOC
T, Ak 28 SRS, 1R 22 1 DR/ A RR 22 (R B R E 3 A1 T+ EKF Al UKF
Bk, UERH TiZSELE FUDS oL R AT SR fI e
2.4 KRE/NG

AREAYEE T ET 18650 AUHL B FE ¥ B RC S5 R ER AL, 3@ 3 S50 A0
VRS TR SH, JEXNZE AT 1O H IR IR, R SRR R A
AAENE . BEEAH T EKF. UKF Ll BP #1284 S 1 SRR AL B o, 4R T
J£T UKF 5 BP #4454 A 5%, Sl SOC (B A fhiit .
Wi DST 5 FUDS WAt Ll T HIf5 H L%, UEW] 1 BP-UKF SALER fit SOC
T, RN TR B 53 0E 1Y e T EKF S0EM UKF 5%, Retg 2 4t
LI 2H 3 Bh A da i) R st 7oK
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# 33 ET Buck HEIAEANE

I T A B A B, AR R IR 7 B AT, SRR
I A] PR, PR 20 B L Y T 78 o i) R AT R P T R LR
BIERNA . PRI B A E, SR UL ERER, AFEEE [ Buck %
BB NRE R, v T AL AE ), SRS IIERCR, 2R Ei & 1
TFPREE, Bttt 75T Buck AR 6T LR . M UT R A FERAIE 1 B4
L A AL T BB O [RIN B TOF SRR B0, AR A A5 - Buck
AR S S A T B, PIORE FELVZE R R AR M RS AT AR AS SRS IR AR FRE, Gk
Tk A TS TR H b e 12 LI BE 08 iR R AR R i P S LA F b ] ) E
EZER A, AT LA A TSI 1B 77 s R L g 2R 4 A i RE AT
3.1 BB FHEA—BIEST

P A 32 B A A AR IR AR R R IR it oy [ AR FAR D)
B SFARAT L K AR 5E 40, TERM RN & & B L &4, 10 LiFePO4. LiCoO»
S, IR RS R S N AR B 1 (Li™) o FARVRUEL 5 T R AT LR o
VT RO PR IR — R BRIR PR IR S WL, AR B — B3 40 LiPFs (1)
& L8R, N SRR SRR 7 AT B . BRI — RMRF IR A AL
B R ACVE Litfilad, Bk B o rais . SORM RN BRR Z FUMRE (T
LiT MR AL, — SR 2 68 S el & SRR B . it ih e
FISRRRAE S, ORI RSN . B At &5 4 S AR R 18] 3.1 foss

_/,,_/\/\/\,—

-

||
EH | bR
o —— O — T
R o o © 5 o et
N S O >
%%fj——»o o o O

S O b 2

| — Jm:

I
el i

Bl 3.1 B g i 2 AR R
BRI AE PP T B il e, R A iE . AR R DL FE 2]
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PP, BT SZAE P A RS RRE | AR P PR BRI 0 P K vt R ARk
) SIRRRESE PRI B MORE IR, WA R A 7= H Rt F IR AR, AT AT 4 2 BE 1 2R
FR, #R AT REAS A FEh 2 (R AE N BH N S BE E I ZE R

R T Rt A RN S . —RIEOT, ditligtr
SRR . BTSRRI AR R R R SRR, AL
FELAAE IR IS B 25 5 e, PRV B SA, X R B s (RIEIASE N, AT
PERRAG, i ERRC. MG REEN, 5518 L' Eaf i S i b
AN, I 7 AR A B PR A, i AV R PR A o o e B TR
S5 5 A R A A RARAL, R r i R A, ] S A B A AR A
A, R, A FZm by, L2 AT ARG e A e i . FRIMY O 2R
ZE5¢, TEHIB RIS AT AU AR B A AR W, R I st TR A — Bk
3.2 Buck ¥4 B B TR R 2

Buck HL% & —Ff DC-DC [#/E ik, ARSI WA 3.2 frox. Fx 4
B IR T Buck A B MM AN 1, P Buck HLER RN I S5 8O TE
R Ui, by U, FRIEE Buck AR H 25 HH HA K H s 2H 1R iU [ g I e A
FPE B AR I BB, SCBLRE R IR .

. [

Lol
M
Ui:% T C1 N D C2 T RL§ Uo

K 3.2 Buck Hilt%

Buck F% DL RLBAE VIZ O RETTIE, T DA IR AR ) AR 70 i A7 1
RE S RETBRERE NPT B . &l 3.3 N LRSI A A RERT B . 1X — P BX MOS & 3
W, ZHREGCHEREN, REAMEEN U, AEEN U, AL T4A
WL, RIRTSeBLRE S, R MOS & N FRARIRZS,  HUEAI MY LUK Y Us-Uspe

FH FL 25 1 iy P, s 5 FELUAL ) R BSOK 2R

U;— Uy = L~ (di/dt) (3-1)

BT U-UgfE5E, LAEfEE, WERKZRNENEME. BRALERA RS

L, RN RZENMAAL . BRSNS A H K, IR PEAT R RS
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AL, AR U R A AR A
|l|

TML
P

A\ 4

+

Ui T —_

&D = RL§ Uo

A

4 3.3 Buck HLEKfi# AR RE I 72

W 3.4 9 HRERBIRERT BL. X —FrB MOS & X, —kE D 8,
HLRC R T VA A, I A B AR 4 2 e B ) A g, FELJER P 7 1 208
B AR B I B30 U, )RR 22 A FR) B FEL S - U, FRUER P N FL 1 22 24 - Up- U

L 2 7P i L T 5 R ) BRI BOK R
—Up — U, = L (di/dt) (3-2)
H1-Up-Uo fE5E , L fHIEE , W AL F N U E A, RS LR I P AR
LN FRL IR A HO T RE e 46y FELBE R TR LE SR, 1K Buck — Mt 71 B8 5 R TG e

INPREIIERIR
[
T L
M

U= =—/—Ci AD| Co== RL§ Uo

Y

<
<

4 3.4 Buck HLEFE G REIS 72
ROV EIRES, Ml ERAE U #20€, e S itE AR €, Bl —
AN AR A TP 5 LA ) 3 AL 55 el BT 55 o AR BE MOS8 (1 538 N 18] Ton
RIS A Torr, & 3.5 A AAFRARALHIRE RN didde, R E S RUELL . R13:

Ui =Up)/(WUa + Uy) =Torr/Ton (3-3)
AR ARFDVE N -

Uy = Ug) Ty = (Ug + Up) - Togs (3-4)
mYSE

T =Ty + Typp = 1/f (3-5)

JUEIES S S G ngE SR

34



i BN 2 e S DA

Ton =[(Uqg +Up)/U; + Ux)]- (1/f) (3-6)
S AEIVSE
Torr = [(U; = Up) /(Ui + Ug)] - (1/f) (3-7)
2N
D =Ty/T =Ug+Uy)/(U; + Uy) (3-8)
EE@?‘A A
HEAR
g
e

V) 3.5 LR PR B 1
Buck FLi% ) FELIEK R 70 91 350 FRUBCFRL UL o AT FRUBK LR AL, T35 FUE R
T R HE HL R P 3R, S0 FUE R FRUER P AR A A . E R T LRSI
Bimii I 53 IREAESE, AT
I, = Uy/R (3-9)
FH T FELR ) — AN A 0 R AR, AR Ae A0 de S5y, HURELE N Ui-Us,s
AR FR L 5 B R R AT A5

Ui = Uo = ALL/T,y, (3-10)
HURHL LN U=Ui—Uo, SHIIAIDY di=Ton, FI45:

dt = T,, = [(Ug + Uy )/ (U; + U] - (1/F) (3-11)
R4 -

U =L-(di/dt) (3-12)
CIECREN b YIE [

di=Al=U-(%)= [%] [(1/(FL)](U; — Up) (3-13)
HIp

Al = [(Ug + Uo )/(U; + UDI[(1/(FL)]U; — Uo) (3-14)

MRAELL E A, W40 & Buck AR#as M A 5% tH LR AR S, HEME
FE—E VN, HBGEOR, WISep it RUBVE S RS R A 3.5
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FIT7I o
|
i

4
i

4 3.5 Buck HL HUE S A% R
3.3 BRI R TR R E

3.3.1 WEHRINGE

N T AR R, T RME RS (BMS) /N AR Rlidl, A&
SCAE AN AR P 407 K AR (R RIS, 455 0T S Nk, Wit T 2 T Buck
AR R B S A R, W 3.6 TR . LIS HR A2 R TT 2 e X
TPRBEER . TR . Bl A . Buck A2 e a5 AT QBB . 52 i ith
R VLN Buck A8 e85 B2 B0 BR A, 12 25 1 48 41 45 4 0E F T il ok A1
FL T 2 455 R £ BB L v L ) AN BE A ) R

Gn+1 Kl K2

— Bn H Bucks |+
l: Gn | — i

| T G Ks Ka
HiYE | f#| =& Bs

S1 Sz

G:

Kl 3.6 BRI
ST IO Siy Sy R GEWT, SCHlRI A E . 7 AR
SR TR Y. S8 3 A E R T A B R T O AL R R, B o T
AR A n+1 DNBRARTF G, BRI AP RH Gy Gay ... v G
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G, 24 FF 25 B0 7 3 T S (5 IR 8 9 0 B 5 7 R o) L A o0 5 180l o
P T BN, SEUE HL A 5 PR H gt [E] () BE SRR BN . Buck AR gR LS
JEAN 5 b 2 e, IR S F e i@, AR e A% B 6 BE T A, R
A R B R, St MR R . MR OB A T
Buck 45 3 55 i AT VR f s PR, TC A S R TR S T % 4L S L A e
70 R B A MR I IE R VT AT . O DA BT AR S P [ AR, wT LA
A BT H AR

3.3.2 W TAEEE

SO T3 TR SRR A BT, AT A T S MR B AR T R, IR
RSV A, HAS 2 7= 4 i bk b+ 40 L g 1R 18 1T, Buck 2R #2481
A AL R E AN 100%.

HEIUL E o R R R BT R, LR A A R 2 A, A
e Buck A2 #8451 m R A . MR AN B RIE T O S0 AN, FL
AL T 78 HUR S 5 24 B S BB B JT 36 S T I, FR i 24 T i IR 26
MHF K Sy Sy [ T AFR, R G A R, AT E R .

16 P B A A I, T R e vt 4 % Bk et 9 3 1 9 4
Buck 254 88 F Wi s IT S 4o 24 56— 5 8 fk et Y0 i Ak AN, o o A ot G
St B TT 0 2 M6, Buck A8 48 1 i 16 M 46 4% 55 A L AT E B, B 3.7
ot [ B 1R o Buck A2 4 8% 1% O 4 385 45 5 T 56 4 5 8 o it o
[ IE O AR, ) 3.7 R 2 . S ARSI Il T it AL b A
B 7 5 (IR AT FELBR 245 FL It ) B

Buck |=

[m] #% 2

.. *“' *“' »*“aj
Bn B3 B2 B1
& 3.7 Buck Ac g I RE R A2 1 2
BURB ALy 3 AR i b A T A, Ab T e IR, BRI A Hh B,
s RS R A, HAR T A 2 Y107 R s i FiE Bl LIk sy 1 L B T AR
TFoR St G 78 F FR R TR 3ot Lt 4 78 P o FRL UL 2 9 i 3245 Bucke RS FR) et R 1
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R M H RS FL S o AR LTt B PSR IESR T K G G M, a4l
MITFR Kov Ks G, 20 SR IR By AOIE . SR l, FRIBZE 8] BE BT 46 52 MR

21, K 3.8 P, HAr[alEg 1 e s e, [alEg 2 Jy B e 2o 1 el 2
K1 K2

F:ﬁ e + +

@) :' Buck
B | |- G3 — —T =] {2
B Be Ks Ka
1l
S1 . G2
= Bt
G1

&1 3.8 FiL it 43 i s £

LA 5L T Buck A2 i 4 ¥ 35 47 $ b 45 1 B S B 4, 1% 350 46 VR P A
F I FF 56 Je A A% Gr ¥ i e g S /b, BB B ORI AR A A 2 A6 i g o 1E
~ 5 W) 49 2467 0 PR FORG B2 1) 2% A T /b I I SR AR I JF S AR B AR T o
WEAR BN T, BeAIC T AR TP AR, St 1R I AT R . (E R B IF R
F1 Buck 28 e 25 10 4 &, o0t FLIh IR) ) RE SO B 7 AR T PR, SRk R 2 )
ToE S — X — M RE =R E
3.4 PSRN

$4) 1 A ) 306 B LTSS A )RR A, R SCIE L SOC 1R N AR &, I
ANEERMHITHEE, 84 7B il SOC-0CV ik, HEEMNEK
RBBORA R ZE, HHEREMHMERIA B FE R EE. Bl SOCHT
T RUNE 2 FEHTR, A 4 8 4 ) SRS A0
(1) RERREMB L. BREES, LM TS B SOC (=1, 2. ...\
n)fH ;
(2) B &% ot SOCH{H % B 7 HE5, 40 H & /ME SOComin AR KAH SOCrmax:
(3) AW SOCnmin 55 SOCmax M ZH AT /NT 0.1%, Hxt, WIHEAEZ),
HE, WEENB R,
(4) & SOCHEMZERT 0.1%, WIH Rz, mith4l@Eid Buck A2 & [
SO Crin HL44 78 HL;

38



i BN 2 e S DA

(5) THHEPEAR M SOC “FIIME SOCay, FHHWIE SOCsw 5 SOCmin HI 2
EHRABNT 0.05%, #H2&, WPk R, F5, ekadm;
(6) [EFE Ls, N —RPEFR, REEHAT (1D ~ (5)

12 359 187 42 1) S W T LA SE 7 R R R R B v A FEOIR S B R LT S A
T FEL o R R S A A7 REHR S SR Rt I B, DA R T R v 1 R et
VBRI R, B R RN ZEEEGIET 0.1%A AN, 6
W, WEEERAENE 3.9 Fis.

(s | o] R R SOCin s 7 o
KRERREMEE, & TSt 2H R Bt SOC
. ERSE R “FH4{ESOCav
iJrﬁ%MSl%ﬁESOCi
Y
PR E 42 SOCH 4
F, 1582SOCminf1SOCmax N U4 AT R I A5

SOCmax-SOCmin<0.1

EITE R

3.9 HEILREE

3.5 iIRGR KT

B0 AR ST T4 H R X 4 45 R N3 45 S0, /£ MATLAB/Simulink #
TSR R, IUEATR T BRI AATE, il 3.10 fraR . iR
TR O AT FRAR T 06, WBRAR /N ARG TE . Hor 5 T r il iR 2 e
JE R 3.6V, BN A 13mQ, #146 SOC E 5 74 53.9%. 60.3%- 50.3%.
58.2%- 56.2%, SOC %N 10%, #HERFEWIEAH ZH, 7572 4.9Ah,
5.3Ah. 4.8Ah. 5.1Ah. 5.0Ah, HEWZEH 0.5Ah, HMSHE 3.1 .
FL Y 2 402 40V B U R IR, 1 D it 2 1R T8 F R YR, A2 2000 (1 FERE,
TENHM AL BB gk . 5 T HTUR 25 5 A SOC B 35S [7] 1 5 L vl o TG4
LML A, AE N BT B SR B
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b 5] J =Gl Gl Sk
“—’77 g 162]
TI:C,E]? —JO0 e
% %J @] @] g_hm
.Vh
8. [ [ e
— .~ ==
1T=""F
)> m%fh ;_; % !
.'|‘,“ (] jsocyt.
. ==} el
8| u
— L | @ u
B 3.10 277 e A7y LR R
# 3.1 HAKHE M Y]IE S B
EEMIERS TR WG SOC 18/% VUG % #/Ah
B1 53.9 4.9
B2 60.3 53
B3 50.3 4.8
B4 58.2 5.1
BS 56.2 5.0

3.5.1 BEWE

HELOCT, AR T i S iR 5 B T R, FLg o AR
PEANGE, A HIOCH P BE B TSR A RIS F . FRI AT AR A, ARl
if Buck A2 gt A ALAN LR Fa jth [ BEAT 2 N Al . A FAAR IR SOC (HAR

AE A 3.11 Fios.
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HlF AR AR I 7R, BA S T A SOC (MR ZE/INT 0.1%, ¥IfrsiH.
Rt 2 SOC 22 H1 10%F% 5 0.1%, HI 1 K% 1096s, -5 SOC{HIEE] | 55.27%:
3T Buck-Boost 2 #5180 AL, K HibZ SOC W H 10%F&3] 0.1%,
F T K% 4030s, T3 SOC {HIEH] T 55.77%, UEW] T B 515256 H 2T Buck
ARG (R I 0 0 2 R RN A T SR (R R AN S P, IR 3.2 P .
® 32 HEMEER
D] ST ] By 5 74 SOC i
Tl o0 55.78

Buck-Boost 4030 55.77

Buck 1096 55.27
FELOUT, Ll Buck AR Ha%iA BIXHT ) 1096s Ak, 733 Buck-Boost #)7
TG A8 P v HE 2L ) % R r s ) BB G R R 3.3 s . &SRR, R
1096s I, Josbiiint B K735 SOC A 55.78%: T Buck-Boost A5 4 #5 (135
TR HRZEL )35 SOC A A 55.76%, AH EL T~ To ¥ /R F s R4, 25T Buck-Boost
AR AR IS HIEFE R LA 0.01% 458 52T Buck AR 325 (1354 (1173 SOC 18
N 55.27%, MLLTFIEEEH IR, 5T Buck AF#as M3t fE KLH
0.51%I40KE. RIJET Buck R4l i35 B g BRI M i PR, (H B REIHE

WK,

%R 3.3 Buck A2 i B A1 56 U X ZH 4% itk SOC

CIMiE RSy Buck-Boost Rkl
Bl 58.48 60.3
B2 57.57 58.2
B3 55.78 56.2
B4 54.77 53.9
B5 52.28 50.3

3.5.2 FREE

FHARE T, (7 EAER A A B e N L, A BBEITAT, 402 40V 1EE
PR P AT R R e P . P ELE A SN r R U L RE Y R RE, REAT 4 N B
. & AR EIE) SOC A E BN 3.12 Fivs.
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