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ABSTRACT: Dynamic reconfigurable battery networks
(DRBN) are typically composed of numerous batteries with
various characteristics, connected in series and parallel through
power electronic switches. To achieve balanced management of
these batteries and ensure the safe and precise isolation of
faulty ones within the network, it is essential to cooperatively
control the topological connections between the batteries.
Therefore, a deep analysis of the coupling relationships
between battery units is crucial for network management. This
paper combines the cut-set network analysis method from
graph theory and the n-order Thevenin model of battery units to
construct a state-space model for the DRBN, thereby coupling
all battery units in the network. Additionally, considering the
critical importance of battery state of charge (SOC) for the
optimized operation of the network and energy management of
the energy storage system, this paper proposes an integrated
SOC estimation method based on the state-space model of the
DRBN. To validate the effectiveness of the proposed method,
through experiments and numerical simulations, this paper
compares it with the widely adopted SOC estimation methods
based on battery unit models from existing research, drawing a

conclusive result.

KEY WORDS: battery unit; Thevenin model; dynamic
reconfigurable battery network(DRBN); state-space model;
state of charge (SOC)

EEmB: ExRHEMATRHIH(5500-202219366A-2-0-ZN).
Science and Technology Project of State Grid Corporation of China
(5500-202219366A-2-0-ZN).

W A0 E M H M 4% (dynamic reconfigurable battery
network, DRBN)IfH HH A2 2 5 1 B B T & ad W g e
FFoRHR BRI . S T SEIR X L H B G ) S A B, O
RARTE P28 v 22 A . R it L RS 120 5 Lt B e, DA 2003 3
[F 4z ) El s PR TG (R R PR P . BRI, R N 43 AT B I B ]
TG R RN T 4 B 22 G B B % 4 B B R I 4
IR 28 43 1 77 V2 R0 Lt 5 G ) 7 [ Thevenin 155, #4% DRBN
FPRAS 2SR, AT 45 H BT A s e & 7E— 2.
[RIEF, 45T st B T far R &S (state of charge, SOC){5 &
X 28 FIARALIZ AT it e RS R Re B B B 28 o0 L B, 12003
t—HJE T DRBN RS AR SOC — Al filith 77

T IR AT T VR A RO, W SR AR E T B, S
A5 AR T2 SR A AR T i vl B e A R (1 f BOIRAS A o1
J7 AT TR AT, DR IR A ST

F8#R: ¥ IT; Thevenin BEAY; ZhaS T A d it 4%
(DRBN); RASZAMAY; fif FARZS(SOC)
0 3l

BEERE XK HARpIiRL, B RGP
SR AR R B L A B A BT R
IR AR K HAF AL B 1 A B v, PRIt H
RGOk RE IO T R A A )P, b ik AR TS
SRR AERE R Hma. MR RIEFER A,
TEAE S 3 RR 22 (9 S A 72

SR, 40 R F A F Y ] 5 B R IDCTE B F b
At & 4i(battery energy storage system, BESS)[ 777k
TELEAG B MG Fln, Wit [ R 2 S



%1 Wi BR A«

S22 ] ELA A R 2R A

22 (AR ) Pt Ay FUIRAS A 1 397

PRI, FAS W R L TC R RS I T RE
SEREELE, PR RGN X B
SN BESS B &, Az att. AT 5
JIR [ 5 A Ik BESS FIBRIE, BU7 e R Ll FeE
HoM o0 i Eh A T E MR e 4% D7) (dynamic
reconfigurable battery network, DRBN). Hifj,
A ZH DRBN $RFMEMIFEA R OCER Rt ,
K1 . Hrs, K l(a)ij/\EEﬁﬂﬁjT:(battery

unit, BUYERE TP, K 1(b)Fi(c)hEED BU
BB 3 MR & 1(d)Fl(e) N EAS BU i 4
AR, B/ 1R BU ER 5 AT 5k
B1251 BU /& DRBN [H/NE#E T, A HIb R
PRELE AR ZH . DRBN F FK S FEDh 2 ST
KN BU FFhdEss, FFdad T 5 i 18 Wroxt i 4%
W BU BEAT i S i e gy . X RS T

Q/JL

(© 3/\9?9%(3)

L1 1]
(a) IMITFR

=)

(d) 4MTFR(A)

SENGENAE T/T
m/?n/}] mfi

BESS E}’JﬁA R 2 4,
=T U UTCT A
‘r_/__L/._r t .1
VYT

|
___________ AR
(e) 41MFFR(B)
\ '\' """" NN
]_./

g, """" (%%

Ié,_]__. r .......... ;\

® 5MIFx

1 ST BRI R R FREMZ T
Fig.1 Topology designs of dynamic reconfigurable battery network

N7 ik DRBN H1 A5 BU BT B, 42
e ARG B ISR R L, 0 2R I I ] 4%
Hl 28 R T A BU iR dhERSRSHL. Bk, %
AT BU Z IR G R RBRE L. SR, 47T
HIBT T 22 SR AT B A M R R ABE PR Al v Al
LT A A LI R 2R A B AT . N
TR AT FUAN N B A T B AL HL N 4, ST
DRBN FPRES 25 [ AR B AF IO L A ALK R
IR 2% P 25 A o) Rt o i g SR (A SRS B L AT RERKI S
R, HETTER T Lt R % 1 B RCR RN 2 Ak

T %18 BU Z &K &, B DRBN K4
IR, A S A B i E B 2% o b iR
H1 BU 1) n i Thevenin #8122, )% 7 DRBN [
R A, U\Wﬁhﬂ%*ﬁﬁﬁ BU #&E—ifd.
U5 T Ha a7 B IR A (state of charge, SOC){E B Xt
mmN%ﬁ%ﬁﬁﬂBmsm%Eﬁﬂﬁiig,
.LHSZIKY%':EH T 2T DRBN RASZS (BB () H ity

c A TE DTV . I R H o R R
mmN%@ (AR B WU AL 3, IREs G R R IR
S € (extended Kalman filtering, EKF)&.i%:—1A&1k

it M2 A BU [ Soce

T AR FTIR ITVER R, RSO S IA
FH T2 KA T BU B Soc flitH 778k T
T I S B E A B, AT E
TIHEAE IR T AIE Soc IR LR ZE FIAN ]
D P KPR BRRASAG THR I,  DAS 45t

DRBN 1] DUE A B LI 5 L ) L R e iR JF
BRI R 2 4% . (R, N T #% DRBN FPRES
AL, o T A R S B 1 SRR A A
1.1 DRBN A3 B3 R A

DRBN &% K 2h*% MOSFET {EANH J1HF
K. HIFRAT FHIRE, MOSFET 4T R/ 48H
BHLIX s 2 OG0 T Wi R4S, MOSFET A Tk X .
Rltk, HJHFIF AT LSS e 20
NHEJJHETFIFREPRASE, S A T FRE
B, v=1; MR, SR T RIBRASR, v=0. %
Fee T req A3 NI S B AN SR (925 5 R BEL, 01
HL T B IF R AR I 7 55T orge +(1-D)rggo



398 ST £ N =< 1 R B =3

45 %

BU 1] LAY n [ 4 v S5 A P R AL A,
K2 fis. fEE 2 %, u, N BU TS, B2
TR s, IR u,~ up Aip 258 BU [
L o R AR . s r s ¢, Rl T, 3R
BU RN BE . WA FREL . AR A F 2 AR A ) [
TR Mo BRAGES T H T, SRR AL AR 7,
WA e, 2, Bz, =rc, . AEFHLIIT T
Foos LI IR J7 1) B F R FHIGIE DT 18] . tk4h, BU
B EILH g« W BU [FRRZA T7 AL 7 #2 7T LA
a3l 2R () F(2).

Ao ___ &y
dt 3 600g
du, ri. u M
S Tl W i_10.n
dt 7, 7
Ut = Uy, _Z”i —irhy @)
i=1

Uy

2 EthEAIT n M Thevenin FF3HE EEAEEY
Fig.2 n-th order Thevenin equivalent

circuit model for battery unit

DRBN £ & BU X%, HJJHFIH K%, BU
5 B IR O BRI S DL A A HE S B, St 4 R
B, B SR T VRO IR . BU SO, HL)
IR, BU 5T IR BSC % T LA
g 3 fis.

u=u,~Su 3)
iv TL i TI
Up L — I

T
/I L0
bl !

3 DRBN —fR37 B BEHEE
Fig. 3 DRBN normal branch equivalent circuit model

EF’E} 3 EP, l.b\ Up~ l’b*u us?'ﬂlm%ﬁﬁi'i%%{ﬁ‘
S HE . SRRSO . RIS BRSSO R YR . 2
XN BU SCEEHT, 55T BU BRI BH ros us

HITH ST KGR . 3 N LTI R
BRI, o ST T IT RSB r w55 T
0. MM BU HHIJHETIFRBESERE, r
ST ITRAISERH I r 5 BU IR Y R
ry Z A, Bl re=rotrs us KITHE TR Q) R
1.2 DRBN ZI&EMEH 12
DRBN /28 7R M 7 i L EA LR 3 Fifr:

TR BIREAREE . TR E ISR AN PR
L% 7 AR TV, B S B PR P ST A
TR BRI . DRBN A LA R — AN A 17
IR, BT REMEI SRR LI M 24 T R B
HOAE T I 1) T PRI A SO, TS Y I g v 2
ST PR PR 48 7 R 1) B K S T I A T T 0 S
B BB 1 B TR my m23, B 1(a)
HH R L SR T ER RO mge A4, KT B 1(a)—(D),
L3R I AR A 17 3 308 ] AR S ORI R AT B 40
N 1

F 1 NEFRIMEARI T EANE

Table 1 Number of tree branch and

link branch in different topologies
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