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State-of-charge estimation method for vanadium redox flow battery
based on FFRLS-MIUKF algorithm

ZHENG Tao, JIA Zefeng, QIU Ya, LI Junwei, HOU Mou

(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to solve the problems of difficult, high cost and poor accuracy of state-of-charge (SOC)
estimation for vanadium redox flow batteries (VFB), a joint SOC estimation method is proposed, based on
forgetting factor recursive least squares (FFRLS) and multiple innovation unscented Kalman filter (MIUKF). The
FFRLS algorithm is used to identify the equivalent circuit model parameters of vanadium redox flow batteries
online, and the MIUKF algorithm is used for SOC estimation, so as to achieve the purpose of accurately
estimating the SOC of vanadium redox flow batteries. Finally, a 5 kW/30 kW h vanadium redox flow battery is
taken as experimental platform to verify the method. The experimental results show that, compared with the
RLS-UKF algorithm and FFRLS-UKF algorithm, the FFRLS-MIUKF algorithm has lower mean square error and
root mean square error in the charging and discharging phases, which are 0.003 7, 0.060 9 and 0.001 3, 0.036 3.
Key words: vanadium redox flow battery; state-of-charge estimation; recursive least squares; multiple innovation
unscented Kalman filter; forgetting factor
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Fig.1 Schematic diagram of VFB working principle

(VI
7 L

VAVIV(V)
TE WL




0 kAL R 2025 4F
VFB {022 [ B JFE B AR . KR, AIRRN:
E*&&&ﬁ?ﬂz‘iﬁ V — N(V + 2RT1 |n SSOC ) (5)
24 FiH + + ’ ’ F 1- Ssoc
VO™ +H,0-ee=—=2VO; +2H 1)
. o s NSRRI A Ve AR HE AR
BRI . H34, HL1.25 Vi ROASAH % 8.314 J/(K mol);
Ve 2V @) Ty IR, B 298 K: F 93k 3 ¥ 96 500 C/mol .
BRI [RIf, SOC i AT LARAE H T AR R ELEAT 15,

VO +H,04V" T2 VO V¥ +2H"  (3)

1.2VFB 3 B FR iR E

VFB %5 20 v B A5 2 = B 43 O Rint A
Thevenin AL S5 204 FE HL IR AR Y 4519201 Rint 45
AUV I I S5 R0 P AR R YR AR AL L, AR
SERG AT HL, (E TR AAOL FE It R A i ., K B AR 2,
Thevenin B AU7E Rint BB Al I AR X RC 34877 kAR
LB SN, (2 RC TRk S EU AR
A, RC M2 oM S B A TR ERUK.
T FEBE R HER PRI R, AR SRS RN
(A5 0 SR R S T 5, LR B B el 2 i
N B2 Ug N VFB i g A8 VFB Ui HLYAL;
Ip NZEF I Vs N VFB SR ; Riw Ro A H
M EEST; R AR AERFE; CooNHARHEA.

2 VFB #3{ R E
Fig.2 VFB equivalent circuit model
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Fig.5 Charge/discharge curves of VFB
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Fig.7 SOC estimation error in charging phase
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Fig.10 Estimation of SOC in discharging phase
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