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Impedance Characteristics and Detection Method of Lithium-ion Battery Under

Overcharge Condition Based on Electrochemical Impedance Spectroscopy
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LUO Yang, ZHANG Chongxing, REN Ming
(State Key Laboratory of Electrical Insulation and Power Equipment (Xi'an Jiaotong University),
Xi'an 710049, Shaanxi Province, China)

ABSTRACT: Currently, electrochemical energy storage units
and systems utilizing lithium-ion batteries are increasingly
popular, however, lithium-ion batteries frequently fail due to
overcharge abuse in practical use. Therefore, accurate detection
of actual battery overcharge status is always a difficult and
bottleneck problem in this field. In view of this, the
electrochemical impedance spectroscopy technology is used to
detect and study the overcharging behavior and process of
single batteries. The battery overcharging simulation cycle
experiment is designed and developed in the laboratory, and the
relaxation time distribution method is used to analyze the
impedance characteristics of lithium battery. On the basis of
obtaining the impedance characteristics of the cell, the
relaxation time distribution curve of the cell is analyzed.
Finally, the impedance characteristic parameter is selected as
the model input, and the support vector machine model is
constructed to detect the battery overcharge. The results show
that the polarization peak P, in the relaxation time distribution
curve corresponds to the diffusion process of lithium ions in
SEI film, peak P, corresponds to the diffusion process of
electrons in the positive electrode material, and peak Pj
corresponds to the redox reaction of lithium ions at the
electrode interface. Overcharging results in the growth rate of

ohmic resistance, SEI film resistance and charge transfer
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resistance of the battery are 266%, 360% and 182% of the
normal cycle, in which the SEI film resistance is the main
factor. The impedance characteristic —parameters of
electrochemical impedance spectroscopy and the support
vector machine model can be used to detect the overcharge of
lithium batteries, and the estimated accuracy is 93.24%. It can
not only master the running state of the battery, but also

effectively identify the overcharge.
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Table 1 Essential parameters of the battery
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charge-discharge cycle test platform
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Fig.3 Experimental procedure of overcharge cycle
2 LRSS TR (8] 5 7 B L AT

RS - FEL Y (1% P D R A A 3 AT R R A A
BRI HEAT RAE, SCHER[STIF AR, Hhsiiix (4
N 1~1 000 Hz) ¥ [ 2 FLB N F R AR A 72, 32
BB AR TEARE A R b )3 SO R (F e
FeBBT) BB 7E [ A FLU 5T 7L I (solid electrolyte
interphase, SEI) 1) 4% 1% (SEI JEBHHT) LA % BB AL 1)



5% 9 W EUE

ST AL A B P R e o e F BRI T R AT 3391

AR St FE R AT AR B R T ) H A s A X T
AL 2 AR At A2 R T B ) B, A3 A M DA T
X 73, ToiEE SRS Ak 2 S st R il e e FE H
PEIREIE 0 ik S BR BT A, TR 75 % FaLfh
SRR AT AR, NS FEE R . A SR F st
B Anvs, FIHWE 4 B 2 A~ E 5 RQ [F
P, SR A I H I A S A (7] 5t T4 [ 1) H A2 S
B E 2 A 1R, $E4T DRT #5055 EIS
() R A S AR AR 2, 0 AR g A X [ AT R B AR

BE, PAFH IR (8] 4 A R L 50%SOC
'] DRT £k anfd 5 Fros.
A el @
Ry
R, Ry R,

El 4 Z%HEKRQ B
Fig. 4 Multiple series RQ circuits

Sk P
6 -
a
E
O
Sg Ps
P,
2+
0 -
21l Lol Lol L1l PRI
0.000 1 0.001 0.01 0.1 1 10

7/s

El5 50%SOC B$E i (L % DRT 5347
Fig. 5 Electrochemical impedance spectroscopy DRT
analysis of lithium battery under 50%SOC
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Fig. 6 DRT analysis of lithium battery at
different temperature under 50%SOC
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Table 2 Characteristic parameter values of

4.35V overcharge cycles lithium battery(label=1)

SOH Ry Rser R SOH Ry Rsg; R.

100.00% 22.95 231 221 93.13% 27.05 3.75 1.96

99.52% 2346 272 213 88.78% 2843 446 246
98.66% 2473 285 147 8348% 3047 551 3.23
96.04% 2639 325 157

*3 EREHERMHFIESEE(abel=2)

Table 3 Characteristic parameter values of

77.23% 33.06 6.62 3.36

normal cycles lithium battery(label=2)

SOH Ro RSEI Re SOH RO RSEI Re

100.00% 22.91 2.28 224 92.49% 2736 4.11 2.51

99.25%  23.62 2.61 1.47  90.67% 28.26 4.53 2.70

98.03% 24.25 2.76 1.30  89.07% 28.99 5.42 2.83
97.20% 24.87 2.89 1.69 87.94% 29.39 7.77 3.28
96.06% 25.83 3.23 1.69 86.78% 29.98 7.96 3.56
94.41% 2647 3.73 2.13
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