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Abstract: Electrochemical impedance spectroscopy (EIS), as a non-destructive testing method, is widely used to study the internal
electrochemical processes of batteries. Dynamic impedance spectroscopy ( DEIS) testing during charging and discharging is more
capable of truly reflecting the health status of batteries. At present, DEIS detection mainly relies on electrochemical workstations. Due
to the limitation of the excitation source power of the test instrument, it mostly stays in the detection and research of laboratory cells,
and cannot be applied to the field detection of high-power module batteries yet. In this article, we propose a battery DEIS detection
method without additional excitation, and design a static and dynamic EIS detection system applicable to battery cells and modules.
Taking lithium iron phosphate batteries and standard RC resistor cells as testing objects, the proposed testing effects of traditional
electrochemical workstations and the testing system are compared and analyzed. The results show that the proposed scheme not only
has small testing error and good stability, but also has the significant advantage of not being limited by the power of the external
excitation source, which has a good application prospect in the future evaluation of the operating state of large-scale energy storage
batteries.
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Fig.2 Impedance in-situ detection topology

(b) Current source excitation
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Fig. 3 DEIS measurements with conventional active excitation
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Fig.4 Hardware topology of impedance measurement scheme
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Fig. 14 Verification of the accuracy of the test scheme
proposed in this paper with the RC test box of

imported equipment
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Fig. 15 The proposed test scheme continuously measures the

DEIS curves of lithium-ion batteries
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Fig. 16  Comparison results of the proposed test program with

DEIS measurements of imported equipment

ikl HLAA2
0.009 —A—Hifk3 —v—Hifk4
—— k5 —<4—Hiik6
—>— kT —e—FLiAS
——HLfE9 —e—iif10
-
e 0.006 1
§ ((((((
N
0.003 A
b 0.000 "” ]
0 " .
’ 0.005 0.006 0.007 0.00
[0 = 1 L L Zihm. u
0.005 0.010 0.072 0.084 0.096 0.108
Z'/Ohm
P17 HLHBEAL DEILS Ji4s
Fig. 17 Battery module DEIS test results
A
5 &%

ARSCEE X% RE LI B0 A5 EIS AERAG TN, 48 11 T —Fp
BT IR s A BE L b DELS A5 77 %8, B E it T
HEEI NS BEAT T T O SRR ATRE RO LSRR, RS
P TR GO HEAT T AR BE R I DEIS #4952 Bl
AR IR LA AEE

1) WEIE E AR T — Bl o S0 30l 1 £ BE HE
DEIS #0775 , BEAS A 250 fifp ke HiL Tt A5 4 00 £ I 149 S8
IS Eh A BRI DT, LA e A% G2 -1k 14 42 Ty X = LA
) B RS 4 1) R, e a0 BRI T 7 SRR AT

2) F BB R T ICTH SR R B A% RE R It DEIS I
AT EIS 7RI AR ST, 0 B R BT L Y R A
[FPRES R PEAT A M DEIS 528, SCgn 4 R B &
JE i, 22 U BB B AR R 1R 224 0. 08 mQ, BHHTAHL



5512 1 5

o 2 it ShAS LA LB Y T IR DN Dy 2 Y 115

M KiRZE R 0. 353°

B UE T AR SCHIT $ I3 5 S A

ARE N I S RC I & K Bk 1B a5 A S5 UE XS L
IR AE SRR A L TG RN &5 58, A SCH H
75 58 R BELAT AL ELIN o e R R 224N 0. 02% , BELHTAH 37 )
AR RIRZEAN 0. 20, HBLHHAY IS IR BB I D7 S 75 1H
Xof RS2 I e -t 0 AR 4 e e 2 Ty 4 R F) [] 2L, 7R

SRR HAS fi i HL 3t £

B AT ARSI T BA R4 B

SE 3k
[1] PANGH, WULX, LIU J H, et al. Physics-informed
neural network approach for heat generation rate

(2]

(3]

[4]

[5]

[6]

(7]

estimation of lithium-ion battery under various driving
conditions [ J ]. Journal of Energy Chemistry, 2023,
78(3):1-12.

WANG N B, GARG A, SU SH S, Echelon

et al.
lithium-ion  batteries :

2022, 8(8):

utilization of retired power

Challenges and prospects[ J]. Batteries,
96.

WANG Y H, HUANG H H, WANG H X. Rapid-regroup
strategy for retired batteries based on short-time dynamic
voltage and electrochemical impedance spectroscopy[ J].
Journal of Energy Storage, 2023, 63:107102.

SRS, A E R Rk AF. SR T b Y A R AR
RELASE T R AT ] 1%%%1%%%%%%,2024,45(5);118-
128.

ZHANG S ER, LI D, ZHANG J Q, et al. Equivalent
time-varying internal resistance model for lithium-ion
applications[ J]. Chinese Journal of
Scientific Instrument, 2024, 45(5) :118-128.

Bt Z IRt RS, BT RERVREAI Y 7 T S H v
WA BANA [ T]. (AR 741, 2022,43(10)
32-41.

HOU D X, DUO Y X, YE SH L.

batteries and

Internal thermal
parameter test of square lithium battery based on heat
storage release[ J]. Chinese Journal of Scientific
Instrument, 2022, 43(10) ;32-41.
HUNG M H, LIN CH H, LEE L CH, et al. State-of-
charge and state-of-health estimation for lithium-ion
batteries based on dynamic impedance technique [ J ].
Journal of Power Sources, 2014, 268.861-873.
BUCHICCHIO E, DE ANGELIS A, SANYONI F, et al.
Battery SOC estimation from EIS data based on machine
Energy, 2023,

learning and equivalent circuit model[ J].

283:128461.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

JIANG B, ZHU J G, WANG X Y, et al. A comparative
study of different features extracted from electrochemical
impedance spectroscopy in state of health estimation for
lithium-ion batteries [ J]. Applied Energy, 2022, 322:
119502.

SRR, ERELL X 0T, A T AL AR B 1 4
T HL R T R A R ORI iR [T L AR
2247 2023,38(23) :6279-6291 ,6344.

ZHANG CH, WANG Z SH, LIU S ZH, et al. Detection
of overdischarge-induced internal short circuit in lithium-
based on electrochemical

ion battery impedance

spectroscopy[ J]. Transaction of China Electrotechnical
Society, 2023, 38(23) :6279-6291,6344.

B L, SR R, R T AL A BTG R0 iR e sl )
H T H AR AS R FROR S PR T [ )], AL SR 2
##,2021,42(9) . 172- 180.

LUO F, HUANG H H,WANG H X. Rapid prediction of
charge state and health state of retired power battery
based on electrochemical impedance spectroscopy [ J].
Chinese Journal of Scientific Instrument, 2021, 42(9) :
172-180.

WSO R 5, TIAT 4. BT b= b
BRI N R IR AR AN TSR ()], T E EAL
TRE2EH2,2021,41(9) :3283-3293.

FAN W J, XU G H, YU B N, et al. On-line estimation
method for internal temperature of lithium-ion battery
based on electrochemical impedance spectroscopy [ J].
Proceedings of the Chinese Society of Electrical
Engineering, 2021, 41(9) :3283-3293.
CAVALIERE D, IKEZAWA A, OKAJIMA T, et al.
Reduced artifacts in dynamic electrochemical impedance
spectroscopy applied to battery degradation analysis[J].
Journal of Power Sources, 2024, 621.235316.

OHASHI T, ABE T, FUKUNAGA T, et al. Analysis of
cathode reactions of lithium-ion cells using dynamic
impedance[ J].  Journal ~ of the
Electrochemical Society, 2020, 167(2) :1-7.

NARA H, YOLOSHIMA T, OSAKA T. Technology of

electrochemical

electrochemical impedance spectroscopy for an energy-

society[ J]. Current  Opinion  in
Electrochemistry, 2020, 20.66-77.

YANG B W, WANG D F, YU B K, et al. Research on

sustainable

online passive electrochemical impedance spectroscopy



16 Wow ok % W M4k
and its outlook in battery management [ J ]. Applied [24] Tl W&, FETHERE s b B AL A BE BT S8 45
Energy, 2024, 363:123046. TERIRSE (], IR IR 4R, 2023,44(6) . 273-

[16] KUIPERS M, SCHROEER P, NEMETH T, et al. An 283.
algorithm for an online electrochemical impedance HUANG H H, LUO L. Research on broadband
spectroscopy and  battery  parameter  estimation; measurement method based on electrochemical impedance
Development, verification and validation[ J]. Journal of spectrum of energy storage battery[ J ]. Chinese Journal
Energy Storage, 2020, 30:101517. of Scientific Instrument, 2023, 44(6) :273-283.

[17] DIN E, SCHAEF C, MOFFAT K, et al. A scalable [25] ZHU J G, SUNZCH, WEI X ZH, et al. A new lithium-
active battery management system with embedded real- ion battery internal temperature on-line estimate method
time electrochemical impedance spectroscopy[J]. ITEEE based on electrochemical impedance spectroscopy
Transactions on Power Electronics, 2017, 32(9) ;5688- measurement[ J ]. Journal of Power Sources, 2015, 274
5698. 990- 1004.

[18] GONG ZH, LAMOUREUX C, VAN DE VEN B A C, [26] CHOI W, SHIN H C, KIM J M, et al. Modeling and
et al. EV BMS with distributed switch matrix for active applications of electrochemical impedance spectroscopy
balancing, online electrochemical impedance spectros- for lithium-ion batteries[ J ]. Journal of Electrochemical
copy, and auxiliary power supply[C]. 2019 21st Science and Technology, 2020, 11(1) :00528.
European Conference on Power Electronics and Applic- [27] HUANG W X, ABU QAHOUQ J A. An online battery
ations ( EPE ECCE Europe) , 2019:2600-2609. impedance measurement method using DC-DC  power

[19] GONG ZH, LIU Z, WANG Y, et al. IC for online EIS in converter control[ J ]. IEEE Transactions on Industrial ,
automotive batteries and hybrid architecture for high- 2014, 61(11) :5987-5995.
current perturbation in low-impedance cells[ C]. 2018 [28] R MUNE, MMk, 5. BT B R 1 it e
IEEE Applied Power Electronics Conference and A A BE T R P AR I A [T ], TR,
Exposition( APEC) , 2018 1922-1929. 2023,38(21) :5889-5899.

[20] JE&H, RSP I 2, %, S 7 i iy s b4 B WU J X, YANG L J, XIAO Y L, et al. Rapid detection
I Hr[T]. te2FHERE ,2010,22(6) ; 1044-1057. method of electrochemical impedance spectrum of energy
ZHUANG Q CH, XU SH D, QIU X Y, et al storage battery based on current excitation[ J].
Electrochemical impedance spectroscopy of lithium-ion Transaction of China Electrotechnical Society, 2023,
batteries[ J ]. Progress in Chemistry, 2010, 22 (6): 38(21) :5889-5899.

1044-1057. (297 B, VETAL, AR, JE T4 A vt 55280 B AR R

[21] kol PR, 2R bR B 3 A2 g% A TR il BHHTHIZR IS T[T ], (XA IR, 2021 ,42(8) -
FERILY]. I S A A4, 2023,37(3) 1 152- 70-77.

160. HUANG H H, WANG Y H, WANG H X. Impedance
GAO ZH Q, CHEN H B. Chaotic control of second-order curve fitting algorithm based on equivalent circuit model
inverter under linearized model[ J]. Journal of Electronic of lithium battery [ J]. Chinese Journal of Scientific
Measurement and Instrumentation, 2023, 37(3) . 152- Instrument, 2021, 42(8) ;70-77.

160. [30] KIM S, CHOI Y Y, CHOI J I. Impedance-based

[22] ADLER S B. Factors governing oxygen reduction in solid capacity estimation for lithium-ion batteries using
oxide fuel cell cathodes[J]. Chemical Review, 2004, generative adversarial network [ J]. Applied Energy,
104(10) :4791-4843. 2022, 308:118317.

[23] ¥Rk, 261, MG, 55, B AbF TS SR [ 1], [31] SUXJ, SUN B X, WANG J J, et al. Fast capacity

A #R 7% ,2020,42(1) ;12-26.
HUANG Q AN, LI W H, TANG ZH P, et al. Funda-
mentals of electrochemical impedance spectroscopy [ J].

Chinese Journal of Nature, 2020, 42(1) :12-26.

estimation for lithium-ion battery based on online
identification of low-frequency electrochemical impedance

spectroscopy and  Gaussian regression[ J |.

Applied Energy, 2022, 322.119516.

process



% 124 R4 A A BT TRy Y5 117

EEE N

R, 2023 fF THIKR ARG L%
fr, BN ERRF LR A, FER T
T it BE FEL DR S AR R i
E-mail :202311131302@ stu. cqu. edu. cn
Wu Xu received his B.Sc. degree from

Chongqing University in 2023. He is currently

a master student at Chongqing University. His main research
interest is online monitoring of energy storage battery status.

HmmE CEEVEE) , 09T 2000 45 Fl
2004 A7 H ROR 22 4R A 27 b2 (o A2
fir, 2009 4 T #H R ARG 1 Loz i, #)
D PRRF204%, T BT 10 R R
UL GRS AN B2 W 70 20 MR L R fif e
R PR S 2 I 5 A
E-mail ; yljequ@ cqu. edu. cn

Yang Lijun ( Corresponding author) received her B. Se. and
M. Sc. degrees both from Chongging University in 2000 and
2004, and received her Ph. D. degree from Chongqing University

in 2009. She is currently a professor at Chongging University.
Her main research interests include on-line monitoring of
insulation condition and fault diagnosis of high-voltage
equipment, and on-line monitoring and evaluation of the condition
of energy storage batteries.

B, 2015 4T b Bl R 3RAG
SbtAr, 2018 AF TR AR RFRR 2 AR A Al
b, B FE R P R 28w A
SEREEBE T AR, 32 BRI ST 5 0] A H Tt
REPAG KA
E-mail ; lisiquan2023@ 163. com

Li Siquan received his B. Sc. degree from China University of
Mining and Technology in 2015, received his M. Sc. degree from
Huazhong University of Science and Technology in 2018. He is
currently an engineer at the Electric Power Science Research
Institute of State Grid Chongqing Electric Power Company. His

main research interests in battery performance evaluation and

laddering utilization.



