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Abstract : The increasing use of renewable energy has elevated the importance of energy storage systems(ESS). Although
ESSs based on lithium-ion batteries are used in various fields due to their high energy density and versatility, there are still
issues such as performance degradation and internal short circuits due to battery aging. In particular, voltage deviation
between battery cells can serve as a key indicator for detecting aging cells. In this study, we proposed a method for detecting
faulty cells in a battery pack by utilizing cell balancing counts from the battery management system(BMS). To this end, we
initially investigated the method using Matlab/Simulink-based simulations and conducted experimental validation based on
the simulation results. The findings revealed that aged cells exhibit more frequent balancing counts, highlighting the potential
to more accurately assess the health of individual cells in a battery pack.
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Nomenclature Coirance - Capacitance of a capacitor, F

Ve, : voltage of cell i, V t ‘time, s
Vo, (0) :initial voltage of cell i, V dt : time change, s
lel, (t) :voltage of cell i after time t, V
dV,,  :voltage change of cell i, V .M E
o initial voltage, V A& 75k oA Al=glo 9] ko] 1 AAA
AV (t) :voltage difference between cells at time t, V o2 7148l WA A A o= Q] 8o A =
Vs + maximum voltage, V 7hstar iek. olel @ Watel FAlel oLl A Al
Viin  : minimum voltage, V Bl(Energy Storage System, ESS)©] 31oH, 53] 2 & ©]
4 : charging current, A & e e 7]uke] ESS7E FENaL Qleh ESSE A8t
In +balancing current, A 2 ol e e 2 o & e el e oA Y
Ryiancing + balancing resistor, &2 w9} 71 =& nujelo 7 ESSe] Al A @ a7 2}

witan, - €quivalent resistance in balancing progress, 2 21 k) ey o)#] ek G Borslar, 2% o]
G, : standard capacity of cell i, Ah < e IS s)ds)of & therat 7|42 B =
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2.4 Simulation Setup

A Ego] ol A= 3S1IP 25 %7] veEvHE
Table 13} o] AA sl o, vy 2] 33 3.7
V, o] 8% 2.6 Ah=E 7SI TE Table 2= % - W
AbolZel| e AsfAE 2~} U 2 gke] WskE 4
gk 310 2, Ato]Zo] xlg)g o) wet vy 2] o] &2
Frashal Wi A &S S7bshe A3s UERdTh AlE
dlo] A2 A w2 At Fd 9 i Ale] 25 A% Al
1] s ztolE Hrhetr] S8l AAE R o™, 160 AL
o gttt 52 2.5 % st yF A2 1.5 % 5

Table 1 Battery simulation parameter

Parameter Value Unit
Nominal voltage 3.000 \%
Rated capacity 2.600 Ah
Maximum capacity 2.600 Ah
Cut-off voltage 2.775 \%
Fully charged voltage 4.307 \%
Nominal discharge current 1.130 A
Capacity at nominal voltage 2.351 Ah
Exponential voltage 3.997 \'%
Exponential capacity 0.128 Ah
Internal resistance 0.014 Q

Table 2 Capacity degradation and internal resistance increase
of battery cells under charge-discharge cycles

Battery Cycle Caz}f}:)ity Intemat g;istance
Cell 1 0 2.6 0.0695000
Cell 2 160 2.535 0.0705425
Cell 3 320 2.47 0.0715850
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Table 3 Passive balancing count Table 4 Active balancing count in charging process
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Table 5 Active balancing count in discharging process

Battery Cell 1 Cell 2 Cell 3
Balancing count -1,218 -1,928 3,146
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Fig. 10 Experimental equipment configuration

Table 6 Battery cell specification

Parameter Value Unit
Nominal capacity 2.60 Ah
Charging cut-off voltage 4.20+0.05 \%
Nominal voltage 3.70 \%
Discharging cut-off voltage 2.75 \%

Table 7 Passive BMS specification

Item Criterion
DC 12.60 'V,
Charging voltage ’
Voltage ene . CC-CvV
Balance voltage for single 420V
Over charge | Over charge detection voltage 425V
protection | Over charge current protection 130 A
Over disch
< 1sc. T Over discharge detection voltage 3.00V
protection
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Table 8 3S1P battery module configuration

Specification Value Unit
Nominal voltage 11.10 \'%
Fully charged voltage 12.60 \Y%
Fully discharged voltage 8.75 v
Nominal capacity 2.60 Ah
Charge cut-off voltage 12.75 A"
Discharge cut-off voltage 9.00 A"
Charging method CC-CV -

(a) Cell voltage variation during passive balancing

(b) Balancing count history per cell

Fig. 11 Passive balancing results each module 1
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(a) Cell voltage variation during passive balancing

(b) Balancing count history per cell

Fig. 12 Passive balancing results each module 2
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Fig. 13 Passive balancing results each module 3
Table 9 Battery cell specification
Parameter Celll | Cell2 | Cell3
Balancing time (s) | 1,757 0 0
Balancing count 28 0 0
Module 1 Counter slope 0.016 0 0
Max. vol
ax. voltage 0.208
deviation (V)
Balancing time (s) 1,567 1,951
Balancing count 17 32
Module 2 Counter slope 0.011 | 0.016
Max. vol
ax. voltage 0.143
deviation (V)
Balancing time (s) | 3,315 5,650 | 6,630
Balancing count 209 283 320
Module 3 Counter slope 0 0.050 | 0.053
Max. voltage
.. 0.073
deviation (V)
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