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Research on Early ISC Detection of Lithium Battery Based on IC Curve
YANG Lin", CHEN Zewang, XU Zhaofan

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 211106, China)

Abstract: Internal short circuit (ISC) in lithium-ion
batteries is the main cause of thermal runaway accidents,
and early identification of ISC faults is crucial to reduce
the risk associated with fire or explosion, and traditional
detection methods based on filtered capacity increment
curves are susceptible to interference. Aiming at the
problem of how to extract the characteristic parameters on
the capacity increment curve for early internal short circuit
detection, a voltage reconstruction model based on the
second-order RC equivalent circuit is proposed. Firstly,
the capacity increment analysis of lithium battery is
carried out using the traditional filtering method, and then
the voltage reconstruction model is used for comparison.
And the voltage reconstruction model is subjected to anti-
noise interference experiments, and the error of the
voltage reconstruction is only 0.000 8 V, which lays a
foundation for the early internal short circuit detection
work. Finally, experiments are carried out on publicly
available experimental data to investigate the effects of
different charging rates and different battery types on the
capacity increment curve. Based on thus, the
characteristic peaks used to diagnose short-circuit faults
are obtained. The experimental results show that the
proposed method based on voltage reconstruction model
can effectively counteract noise interference and provide
reference for early micro-inner short circuit detection,
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Fig. 3 Charging time for different battery types

[7) P i i BELY) TC T ZR I

R=10Q
Tt-—-R=20Q
~ gL---R=50Q
L —R=100Q
Gl R=200Q |
2 4} EHE
ST
By
1
g.() 32 34 36 38 40 42

RV
B4 FHREBKAE
Fig. 4 Conventional filtering method

ME 4 FaT LI LS BEY 10 Q L IC i
2R AR A U] A BEL(EDBEOR (i i R 3, U
MZERNA B — I LU R . i) LU
DB AL RIS 1) 1C 4t m] LLBEAT PN A B A, 0
JEWE(EAE BA S I 3 R A5
2.3 BEEMAERREERSN

R T RGO AT VAL, 51 A 7 AR 2%
(RMSE), =X (1D P«

RMSE = %EEh(xi)*y,]Z an
e S HL P B 36 O PR FE AR UG
h () sy o3 P e 5 S PR e .

EEXTEDE AR 2 1C i 45 5 Bk B

© Editorial Office of Electric Machines &. Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



B ARGEEHET IC 2 A HE v D) TSC AT

34 YANG Lin, et al: Research on Early ISC Detection of Lithium Battery Based on IC Curve

SNV, AR /N R B RC 25300 s A R b £
PP F R, A FL PR T A 45 S A SRl L FE R 1C iy
LR EA T P S B ARG o T LA s B M 7 R, LA
BREE,

AT ATEIR 20 Q PN i A BH AR e 5 R )
P By RC AL, SCHl i IR TS . R L, 7E AR 3C
ORI Q—V IR PLE G KX (O i
HBEN 10, HASHOE T i/ e PR i3,
IE IR LG Q—V #hERAR B 1 S EHR 45 5 an
2 iR,

B 5 3 T 3T By RC S8R0 B A58 A (1)
Q—V &M EL R GREMXT L., FTLEH,
By RC RIS EIAY Q—V A h kAR W 4T
JEM 2k . RMSE {8 0.000 8 V., X #iH T4
SCHE T B RC AL o T 4G 5 TR B AR
T LA LR X R S 2L T 1C dhZR A6 Py J %
BEIE T AL

05 10 15 20 25
FEH LY/ (mA-h)

5 20 QNEHAEHEEME Q—V G HE%
Fig.5 Q—V fitting curves of a battery with a 20 Q

ISC resistance
x2 BUMEMYSG OV HEUAFIN
SEPHAGR
Tab. 2 Parameters identification results obtained by

fitting the initial Q —V curves of the battery

SRR ZHUE By ZHUE
al_est —2.13 alO_est 72.8
a2_est 20.24 bl_est 1.00
a3_est —54.9 b2_est —0.125
ad_est 26.5 b3_est —16.3
a5_est 136.6 b4 _est 3.58
ab_est —225.95 b5_est —20.0
a7_est —7.94 b6_est —0.01
a8_est 296.4 S, 0.006 9
a9_est —261.1 Q 2.243 1

T VAT R R Ok X I R R 4
P A0 A 25 N TR ) 00 92 P TR AR

Mg 7 3 3 L O = i 3000 P AR R
I =I4105 +G) (12)
Lyw=V(+s+G) (13)

Ko HWEFERG R IER 0 B = s

AN R LA A5 R AN 6 . 453

FW] AEAR R PSSR BE N A T F e 5 S50 AT

WA iR 2E N 0.004 9 V FT0.01 V., B Frt J5

0T R R ELAT B

10
42| —bRdE
41| —panE M 08
Jre— e L
40} —mainE L
| 042,
£
] 02™
100
33 {-0.2
39 |
0 05 1.0 15 20 25 30 35
FuH L (mA-h)
(a) 0 =0.005
T ' 1.0
42} —LEERE
4.1 H&HE 1 08
— A
;12 &R | o
>38 104 g,
237
=36 02 ™
3.5
34 10@
33 1-0.2
32

0 05 10 15 20 25 30 35
FEHLHL i/ (mA-h)
(b) 6 =0.010
E6 WUEFAREREENQ—V MLk
Fig. 6 Simulation of Q —V curves with different

noise levels
TERR B B Q—V K& JE, THI(3)
RBENEM G IC k. B 7 HEER TR
N [R] P B L BELRY IC R 4R

9 :
g Peak [
; Peak IT |
— 7 BN
> 6 '

Z |
4 |
Q}|§; 3 = 5
o e
2 R=10Q —R=100Q
1k —R=20Q —R=200Q

—R=500Q IEH il

%_2 33 34 3536 37 38394041 42
H1JE/V

7 BEEMFHE
Fig.7 Voltage reconfiguration method
MNIEL 7 Hn] AR 3] I A 3 r L BEL (1 A i
N A I TE S s N ZE A4S 1) = AN IR AR

© Editorial Office of Electric Machines &. Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



RSN, 265 51 4, 45 8 1)

Electric Machines &. Control Application, Vol. 51, No. 8, 2024 35

Wi, Jf H IC i & B ARAEHTr . X2
o 5 R S R A o DR R PR T ) 7 PR R i 2 R
L, AT 7 B 1C Hh 2RI E 18, X 45 il ad 1C
R AE I A 7 PN A B T SR
2.4 MAEBRMER IC BB
2.4.1 Bl—WwEARE AR EIL

WL 2.3 (44T AT LA Y A R AR B Y e
i 53 T Peak T F1 Peak 11 125 5%, 50 215,
" LLE T IC 12k AY Peak 1 Fil Peak 11 347k &
W, AT L0 B I e L R R R 4 ARG B A R
FUI ISC B iz, e b, s 7 4 ik
Fe A8 FE Rk b e L A BN SE L L AN TA] . LT
FEE AL B T AN A RS 3 T 1Y 1C £ s
PE, G 8 iR,

9
R=10Q
81 ---R=50Q
= 7 L =R=100Q
T & ‘ R=2000Q
o { IE# it
= 5 ((
g 4 L |
i 222235, o
S 3 If = ‘\g-:;,
2
o
0 e e S S SN
3233343536373839404.142
R/ V
(2) 0.5 CC

R=10Q
f\ ---R=500Q
R=1000

5
6
T3 | I‘ R=200Q
= 4 ' it
< 3 ﬁJ 20
B - S
s,
%]1'1:! 2
1

w,

3343536373839404.14243

HLJE/V
(b) 0.7 CC
5
R=100
6 . ---R=500Q
= ; = R=100 Q
s v —R=2000
z 4 et
-g i
< 3 { &
Sk i
1 /}
e
0334353637383940414243
HLJE/V
(c)1.0CC

B8 AERFTHEZRTH IC HL

Fig. 8 IC curves at different charge rates

M8 Rl LI 7R 1 C SEs RN A 3T

51 1C im0k 31, JEHJ& Peak 11, Peak 1
WARHCASI B, 7E 0.7 C R T, 1C fhkig 2 1
B A R L, 2 7 R PR AL F
0.5 C i, WK 8Ca) i . 1C MR AR AE I 22 51 Ny
Wi . X B /N7 H TR T N o Bl
WSR2 .

ML 8 HRl LUE i, 24 P i ™ 5 R R
200 Q I, HL FS E A 5 BATE AR RE A8 J A i H Ttk
1C £k ngi6(E , 31 H Peak 1 Fll Peak 11 5 IF % HL
HhAFTE LLRCHA 19 22 5, Ji5 22 T 2 O A =2 (8] 1)
V- 183 X0 158 2 R HEA T 1 A BEE 1Y) PN R R Y
2.4.2 RBl—AwizEREEEEATIL

R T T A 28 1) F PR F A 7 1 AR AN TR R
b 2T B AN ] P e s L RELEY TC 2, s i f 6
HBIE: 0.5 CCL 5 Rl 9 Froam, MEHHLLE
NCMS11 (1 IC & ek 2= 5 0 i 1 H 2 A
=AM, T NCM523 HA BN, Peak T fil Peak
11, Peak T4/38K AT LA T 64T P9 J B Aaril]

A/NBTEAFZEA B EiEAT T 1C #h4k
T, AP 1C fhAFEIE Peak 1 Al Peak 11 7F
AN B4 PR o % L BEL S EL A W 2 S, SR PN
MHRAE T 2%, It T IR 3T — fr RC %
AR % 1 R TR R T LA E R A [ L sl 2 AL
IC gk, HAEab k.

3 #iE

ARSCHE SR T T T RC %524 v 5 Y H
JEFEFY 75 f R B AL A JE AL - EE A T IC # 4R, 2R
JEHRFE T AN 9 R B L BEL R AN (] 7 A e 38 D R
AN SB[ 1C Hh 28 DI A5 BRI BRRRAE , 5
TUIT458.

(1) ASCEAT R T RC 25550 B 1
FEEM T IE e A A Q —V Lk, R 221X
k0,000 8 V, I A 2045 B HL #h 1C Hh£R L 1 Jo i
PEATUEDE » BEAKPURME S T

(2) FE T b AEAS ) 78 F R T 2R B 1)
IC HIZA—FF, 70 f RN 1C il 20 06 (8 22 57
M AES R, H Peak | EARG K H, H
AR R TR RRAE

(3) AR SCRFEEST (Y 1C fh £k BEAS S 3 2 ¢
o £ £ 2 25, K B2 R, B8 0 o A 4 L R
FEAIE

© Editorial Office of Electric Machines &. Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



¥y MRGEE L FET IC gk iy H b 30T 1SC A 55

36 YANG Lin, et al: Research on Early ISC Detection of Lithium Battery Based on IC Curve
9 R[], WA, 2018, 67(12) . 279-290.
:: WANG Q Y. WANG S, ZHOU G, et al
:T: 6 Analysis and research progress of lithium-ion
-';::v j battery failure [J]. Acta Physica Sinica, 2018, 67
%];‘% 3t (12): 279-290.
9: (5] #jss, UPBL0, wle. S0 B b iR AT 5%
QL LRIR[T). /NBIPIRALS AR, 2022, 51(4).
2333435363.73839404.142
IV 89-92.
(a) NCMSI11 GOUQZ, XUJY., MENG N. Research progress
12 R=10Q on internal short circuit of lithium-ion battery [ ] ].
- 10 i :—;—:E‘E%Eogn Small  Internal ~ Combustion  Engine  and
- K=2000 Motoreycles 2022, 51(4); 89-92.
g. ¢ WA e [6] YANG R X, XIONG R, HE H W, et al. A
Skt fractional-order model-based battery external short
2 circuit fault diagnosis approach for all-climate
03_0 32 34 36 38 40 42 44 electric vehicles application [ J]. Journal of Cleaner
HU/V Production, 2018, 187: 950-959.
N0 [7] YANG Q. SUNJ, KANG Y, et al. Internal short
B9 FRMhAERM IC HLk circuit detection and evaluation in battery packs
Fig. 9 IC curves of different battery types based on transformation matrix and an improved
state-space model [ ]J]. Energy, 2023, 276:

%j % 3k 127555.

C1] T, BT, 4L 3T ICA 14 i [ 8] KONG XD, ZHENG Y J, OUYANG M G, et al.
SOH f M2 i e Fse (1], oL 5 3 0 Fault diagnosis and quantitative analysis of micro-
I, 2024, 51(2).:71-79. short circuits for lithium-ion batteries in battery
WANG H R. CHEN Z W. XU Z F. Research on packs [J]. Power Sources, 2018, 395; 358-368
ICA-based method for  determining SOH [9] QIUYS, DONGT, LIND, etal. Fault diagnosis
estimation curve of lithium battery [ J]. Electrical for lithium-ion battery energy storage systems
Machines &. Control Applications 2024, 51(2); based on local outlier factor [ J]. Journal of Energy
71-79. Storage, 2022, 55: 105470.

C2] x4, BE. KM, 2 B ek [10] GAO W K, ZHENG Y J, OUYANG M G, et al.
fibRerR R T, BB A, 2019, 43(1); 126-128 Micro-short-circuit diagnosis for series connected
+132. lithium-ion battery packs using mean-difference
LIU Y. MU M M, ZHANG Y L. et al. Energy model [ J]. IEEE Transactions on Industrial
storage application of EV retired batteries in Electronics, 2018, 66(3): 2132-2142.
distributed PV generation [J]. Chinese Journal of [11] ZHANG K, JIANG L L, DENG Z W, et al. An
Power Sourcess 2019, 43(1): 126-128-+132. early soft internal short-circuit fault diagnosis

[3] RER., REA. T4, 2 BEER ST “48 b - method for lithium-ion battery packs in electric
BB IR AR AR R[], Bl SE vehicles [ J ]. IEEE/ASME Transactions on
BRI, 2021, 48(3):1-6. Mechatronics, 2023, 28(2): 644-655.
WU Z C, ZHU ] J, XU J, et al. Research [12] LIAOL, HUX T, CHEN H, et al. Quantitative
overview of " lithium-ion battery-supercapacitor " diagnosis of micro-short circuit for lithium-ion
hybrid  energy storage technology  for batteries considering aging based on incremental
electromagnetic emission [J]. Electric Machines &- capacity curve [ J]. Journal of Energy Storage,
Control Applications, 2021, 48(3): 1-6. 2024, 79: 110240.

L4 FHAR. £, A%, S5 fawRMorr Sty [18] ZHAO X L, WANG ] Z, ZHAO M M, et al.

© Editorial Office of Electric Machines &. Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



RSN, 265 51 4, 45 8 )

Electric Machines &. Control Application, Vol. 51, No. 8, 2024 37
Micro-short circuit fault diagnosis of the parallel [18] CUI B H, WANG H, LI R L, et al. Long-
battery module based on increment capacity curve sequence voltage series forecasting for internal
[J]. Journal of Energy Storage, 2024, 86: short circuit early detection of lithium-ion batteries
111201. [J]. Patterns, 2023, 4(6): 100732.

[14] K48, IR, #h8%, & BETHEAE L8 [19] OUYANG M G, ZHANG M X, FENG X N, et
B N E B2 W kT . iERERl S al. Internal short circuit detection for battery pack
R, 2023, 12(8): 2536-2546. using equivalent parameter and consistency method
GUO Y, WANG Y W, ZHONG ], et al. Fault [J]. Journal of Power Sources, 2015, 294. 272-
diagnosis method for microinternal short circuits in 283.
lithium-ion batteries based on incremental capacity [20] XIA F, WANG K G, CHEN J J. State of health
curve [ ] J]. Energy Storage Science and and remaining useful life prediction of lithium-ion
Technology, 2023, 12(8): 2536-2546. batteries based on a disturbance-free incremental

[15] skfdise, m%dr. skAl. HTAEHEL S TR capacity and differential voltage analysis method
HeEZNEM AR K kT RKE TR, [J]. Journal of Energy Storage, 2023, 64;
2023, 45(2):191-198+230. 107161.

ZHANG ] H., GAO X Q, ZHANG L. Micro [21] QIAOD D, WANG X Y, LAI X, et al. Online

[16]

[17]

short circuit diagnosis method of battery pack
based on capacity increment curve and charge
capacity difference [ J]. Automotive Engineering,
2023, 45(2): 191-198+230.

FAN Y X, XIAO F, LICR, et al. A novel deep
learning framework for state of health estimation
of lithium-ion battery [J]. Journal of Energy
Storage, 2020, 32:101741.

BIANX L., WEI Z B, HE J T, et al

model-based voltage

A novel
construction method for
robust state-of-health estimation of lithium-ion
batteries [ J .
Electronics, 2020, 68(12). 12173-12184.

IEEE Transactions on Industrial

quantitative diagnosis of internal short circuit for
lithium-ion batteries using incremental capacity

method [J]. Energy, 2022, 243; 123082.

Wik H 9. 2024-04-23
W B & ek B 3. 2024-05-21
YEH i

Bk 1999 =), 55 B WF5E A= L P57 1ol S R i e

T , nuaayanglin@nuaa. edu.cn;
* METER AR 1999 —) , 53, BB 5T A, BF 5T 7 1)
N ARBE TN , nuaayanglin@nuaa. edu. cn,

© Editorial Office of Electric Machines &. Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



Extended Summary

DOI: 10.12177/emca.2024.077

Research on Early ISC Detection of Lithium Battery Based on IC Curve

YANG Lin" , CHEN Zewang, XU Zhaofan
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics.,
Nanjing 211106, China)

Key words: lithium-ion battery; capacity increment curve; voltage reconstruction; early micro short circuit detection

The depletion of fossil fuel reserves and the
problems posed by climate change have greatly
contributed to the development of clean
transportation systems, renewable energy and
smart grids. Lithium-ion batteries are widely
used in various industries due to their high
energy density, long service life and
environmental friendliness. Internal short circuit
(ISC) of lithium-ion batteries is considered a
safety hazard for power batteries and one of the
main causes of thermal runaway in new energy
vehicles. Thermal runaway of Li-ion batteries
may lead to disasters, causing property damage
and even casualties. Therefore, researchers have
been trying to prevent thermal runaway of Li-ion
batteries. The initial stage of internal short-
circuiting in lithium-ion batteries has almost no
visible indicators and is difficult to recognize.
Methods utilizing incremental capacity curves can
be effective in detecting early internal short
circuits, however, research on detecting internal
short circuits in lithium-ion batteries using the
characteristic parameters of incremental capacity
(IC) curves is relatively limited.

In this paper, the IC curves under different
degrees of short circuit are obtained using both
traditional filtering methods and a voltage
reconstruction method based on a second-order
RC circuit. When using the filtering method, the
parameters required for filtering are subjectively
determined, and the objectivity of the extracted
cannot  be

fault features

Additionally, the

robustness, as

guaranteed.
filtering parameters lack
tuning parameters for one

charging process may not be applicable to

another, especially when lithium batteries are
nearing their end of life. The proposed method in
this paper for obtaining the interference-free
capacity increment curve utilizes the voltage
reconstruction method, which avoids filtering
and effectively combats subjectivity and noise
higher

compared to traditional filtering methods and

interference. It exhibits robustness
avoids subjectivity and uncertainty in feature
parameter extraction.

Experiments are carried out on the open
Harbin

Technology, and the reconstruction error of the

source  dataset  of Institute  of
Q — V curve by the voltage reconstruction
proposed method in this paper is only 0.000 8 V.
Experiments are carried out on the datasets with
different charging rates and different battery
types respectively, and the IC curves obtained by
the voltage reconstruction method showed
different characteristics in different degrees of
battery short-circuiting, which is conducive to
the extraction of fault characteristics and provide
reference for early ISC detection lays the
foundation.

Given that constant-current-constant-voltage
charging is the standard charging protocol for
lithium-ion  battery  systems, the  voltage
reconstruction proposed method in this paper has a
wide range of application scenarios. However, since
the IC curve may distort under high charging rates,
the proposed method in this paper is more suitable
for scenarios with low charging rates. Additionally,
normal aging of batteries also leads to an increase in
internal resistance, so distinguishing between battery

aging and ISC is an area that requires further effort
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in the future.
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